
CHEMISTRY 

OF 

THE PROTEIDS 
BY 

GUSTAV MANN 
M.D. (Em!',), B.sc. (OXON.) 

l"NIVERSITY DEMONSTRATOR OF PHYSIOLOGY, OXFORD 

BASED ON PROFESSOR OTTO COHN HElM'S 

'CHEMIE DER EIWEISSKORPER' 





PREFAUE 

]1' wa.s in the first instance my intention to present to English readers 
a translation of Dr. Otto Cohnheim's Cltnuie der Eiwe'i$s/djl'pel', the first 

book of its kind dealing with this abstruse suhjeet. In the perform

ance of my self-imposed task I found, however, that, apart from 
bringing the snbjectrmatter up to Jate, there was room for extension, 

and On certain questions it seemod to me necessary to express opinions 

at variance with those held by the distinguished author. U oder these 
circumstances it soon became apparent that the work, as presented 
now to the reader, was no longer a transcript of the German text

book) so that, whilst readily admitting that the present volume is 
largely' based on Dr. Cohnheim's second Cflition, I thought it better 

to incur the entire responsibility for all matter therein contained, 
whilst publicly admitting my indebtednes8 to Professor Otto Cohnheim 
of Heidelberg. Proof·sheets of this book were submitted to ProfeB80r 
Cohnheim, and my action in rega.rd to this matter has met with his 
entire and cordial approvaL 

The points on which spici1l.l str ••• has been laid are as follows " 

1. Cellular metabolism is a cyclic event and not a question of 

~;..",. wA lra.t..MJi.",.. 'rOat", t.m:,"'''bw>t", t.m:.. o;m"'lir.Jl1 
aspect of chemiatry has heen speci1l.lly kept in mind will 
be seen by referring to the Index under the heading of 

'Physiological considerations.' 

2. Every care has been taken to give each investigator his due, for 
I hold Science to b. ahove auy consideration of nationality. 

The reactions in daily use have aU been traced back to their 
originators, and in the chapter dealing with the synthesis of 
albuminous eompol1nds the respective merits of the different 

w<>cl!e ... have been <l.uly oet f9rth. 
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3. The arrangement of the primary dissociation~products is based 

on the conception that in the amino-acids we have a recapitu~ 

lation of the same set of changes by which a paraffin becomes 

converted into an alcohol, then into an aldehyde, and finally 

into an acid. After this change has occurred at one end of 

the open~chain~amino-acids, it reoccurs at the other end, amI 

so we pass from mono-carboxylic acids to di-carboxylic acids. 

and finally, by the ~entral carbon-atoms also becoming' alcohol

carbons,' we arrive at the very important poly-hydroxy-coro

pounds, which seem to play so great a part in the metabolism 

of Mrbohydrate-radicals. After having dealt with the mono

amino-acids the di-amino-acids are discussed on the same 

principle. Lastly. the union of amino-acids with pyrrol

and benzelle-eompounds and with sulphur is entered into. 

4. The nitrogen-radicals of the albumin molecule have been fnlly 

discussed. 

5. The secondary dissociation-compounds have, however, not been 

classified, although the action of alkalies, steam, oxidising 

media, and sulphur, as well as the changes produced by 

metabolism, arc fully described. 

6. The synthesis of albumins, as far as known up to September 

1905, is ghren in full. 

7'. The action of ferments has, on the whole, been dealt with very 

shortly, so as not to increase the size of the book. The view 

has been advanced that the chief function of both pepsin and 
t":,vpIDn js t" 1acilit.a.t. the diAintegrati!w action of the E- 1Illd 

OH-ions. 

8. The carbohydrate-radicals are fully dealt with because of their 
biological importance, and, for the same reason, throughout 

the book special attention has been paid to sulphur. 

9. In continuation of my book on Physiological Histolo!l!h 
theoretical considerations hearing on the salts of albumins 

have again specially inte,rested me. There is still far too 

little attention paid to the salts of albumins, for people will 
~.!-!fealise that &l~uminous compounds in the absence of 
~:.!,e, .. I put it in my fi,.,.t book, in tbe true sense of the 

;~!.~ dead. Only in the presence of salts will amino-acids 
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a.nd their higher derivatives either pass out of the pseudo

ba.sic-pseudo-acid state, or will they he prevented from 
entering into it. In other words, only in the presence of 

sa.lts will amin()...acids and their higher deriva.tives interact. 
A new view ha.s been advanced, namely, that so-cal1ed neutral 

salts are, as a. matter of fact, not neutra.l, for it is their very wa.nt of 

neutrality which allows them to dissolve in water, and which also 
enables them to dissolve globulins or to keep these compounds in 

solution. 
10. Colloids are dealt with on lines similar to those adopted in 

my book on Physiok>gif:al HiJllology, with the inclusion of 
certain additional ma.tter, such as the pa-pers of Posternak, 

which had escaped my notice when writing my first book. 
The more recent literature has also been added. The view 

first advanced by me in 1902, that the action of any given 
metal is the function of its electro-affinity, seems to have 

received complete confirmation through Galeotti and Pauli, 
whose researches a.re so important that they are given very 
fully. The conception that colloids are electrolytes, first put 
forward by me in my Physwloqica! Histology, has since then 
also been advanced in papers coming froIn Ostwald's a.nd 
Nernst's laboratories, and is once more insiIited upon in this 
book In regard to the question of mechanical conglutination 
or coagulation, Dr. Ramsden has been good enough to give 
me in nis own words suen information aa De bas oD.wined by 

his recent work. 
11. The study of the autodigestion of the nucleo-proteids seems 

destined in the near future to throw more light on the 
queotion of metabolism than almost ""yother stody, and 
hence til. matter has al,o been specially gone into. 

12. In the chapter on blood I have enjoyed the great privilege of 
extensive help by our first authority on blood, namely, Dr. 
John Haldane, F.R.S., to whom I wish to expr .. s my sincere 
thanks, especially as he has allowed me to m&ke known 
several .. yet nnpnbliahed oboervations. 
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My fir,t book I dedicated to a botanist who aroUBed my interes' 
in histological research and taught me patience; and this my eeconc 

book I also dedicate to a botanist, namely, to my father, who, trainee 
at Kew, was appointed in November.lB59 Government-Botanist to the 

Niger Expedition, and who, according to Sir Joseph Dalton Hooker 
was the most successful of all botanical explorers of western tropica 

Africa. During his arduous and perilous expeditions on tht 
Cameroons, Fernando Po, and St. Thomas Mountains, my fatheJ 

_de the first contribution, regarding the botsnical geography 0: 

these region, in 1860-1863. Subsequently he entered the Bemoos 01 

the Government of India in the Forest Department; becoming tht 
first forest officer appointed in British Sikkim and' Assam, ht 
administered -with unremitting care the Forest Department in tht 
latter province for more than twenty·one years. 
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ca:~EliAL PAnT 

'WHAT positioll do proteids alld do we, who are huilt up of proteid!>, 
occupy in lmtUI'(' '/ How are ,,-c related to other chemica.! COIDpfJunds? 

Biologi~ts of the present day may be dhrided into those who helieve 
tin animal tlnd v(Jgetnble exislence to be endowed with some special 
uncxphinahle force, which is the I·ca.l CSf'lence of life, which causes ali 
those phenomena, characteristic of individnals whQ feed, propagate, and 
die. This elai:ls of obsel'Yers holus that man will never fathom the 
vital principle. 

On the other hand ""In' find the physico-chemical school who 
end{'I1\'Olll' to expound orgd1lic life by only those laws 'Nhich hold good 
for the lower inorganic compounds. Thi'3 school forgets that hecause 
of the very evolntion of Ro-ealled inorganic compounds into organic 
ones) '\vhich) fo1' example, we see daily take place around ns in con
nection with the growth of plants, we must hayc in addition to Uu' 
old simple hW$ ~\-hich p-Dvcrn the inorganic world, additional laws 
"'hieh regulut(; organic existence. 1 

The yiew the author holds, he trusts, will bridge over the gulf 
existing between the two schools mentioned above) namely, those of 
the vitaJists and non~vita]i8tS. 

'Ve hm'c to dil3iinguish betwoon the origin of organic compounds 
and that of life. To be ahle to make marsh-gas, alcohols, aldehydes, 
acids, amino-acids, peptids, peptones, and albumin, however great ah 

achievement in itself) is not the same as making life. To many people 
a living cell consists of • protoplasm,' a substance they imagine to lJe 
one exceedingly complex body. They do not realise that in a cell we 
have a not very large number of comparatively simple compounds 
which only collectively form the protoplasm. 'What constitutes life, 
is the presence of a number of such' organic I compounds, capable of 
mutu:{Uy reacting upon one another, and hereby giving rise to new 

} Such new laws, for example, as are created by the ll6ymmetrk carbon atom, by 
.stereomomers, etc. 

B 
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compounds, which cannot react chemically with the mother-substances 
from which they are derh-ed, but which b;v interacting with new 
radicals give risc to t~ cycle of events, In the following diagram the 
author has clIdeuyonred to lIl<1.kc his men.uing clear. From the nucleus 
two arrows pass ouhvarus: the one on the tight reprosents the forma~ 
tion of 'extra-cenular) zymogen granules, their disrnptiYe enzymes 
having the function of acting on extraneous chemical compounds in 
such a way as to make UlOID available to the cel1 individuaL These 
enzymes chango, for example, albumin into alhumoses, peptanes and 
amino-acids. The arrow on the left of the fif,'1lre represents' intra
cellular' zymogens, the fUllction of which is a coustructi,'e one; they 
bring about an aggregation of those amino~acids and peptone-like 
bodies which have becn liberated from pl'oteid food by the extra
cellular enzymes. The aggregates so formed constitute the main bulk 
of the cell-plasm, and they tlre subsoquently transformed by the 
activity of the nucleus 1 into the extra-cellular and intra-cellular 
zymogens already alluded to. The cycle of events just described is 
what we call life. Cessation of life, or deatll, will he produced either 
by the inahility to procure food, which is necessary to counterbalance 
the Weal' and tear necessitated by the cOllnl'sion of one chemical com
pound into another-this amounts to death by stanatioI}, or secondly, 
by the inability of the nucleus to digest the food ltnd so make it a,"ail
able to the individual cell, as seen in old age. In addition to these 
two kinds of physiologkal death, we have another form due to 
violence, a.s, for example, hy the application of excessive heat or cold 
or inorganic (corrosiye sublimate, etc.) or organic (bacteria) poisonK 

Those ,.,rho take an interest in the actual phenomena. exhibited by 
cella fed on protejds aDd derivatives of proteids, and who wish to see 
the histological appearances which cells assume during the various 
stages in a I}ife-cycle' will find a detailed account in the papers of 
Lily Huie. 2 This work, done under the author's care, is now being 
continued by the author, for there is no other way of gaining an i1,1-
sight into the working of the different organs of a cell. It is only by 
histological research based on a sound knowledge of chemistry and 
physics that we will be able to understan.d and to modify the events 
in the lif~ycle, that we will be able to accelerate and to slow down 
nuclear a.nd cytoplasmic activities. The importance of such research 
in connection with cancer and all fevers cannot be overestimated. 

1-G'Q8tav Mann: • Wha.t is Life f' Trans. qf ike O:iford Unt'versity JuniO'l' Saentif. 
cf.w.- F~·)899. Be&d Nov. 1898. 
''l.''~ Ooo.'1url/JI J(fU,"". > of Mitr. Sciffl.ce, 39. 387 (1896·97), and ibid. 42. 203 



INTRODUCTION 

What must be the ultimate aim of chemica.! biology i~ to establish 
the sequence of events in the cycle from simple to more complex sub 
stances and the disintegratiOll of the latter for the purposes of liberat
ing energy and of so acting on other chemical compounds as to make 
these available to each individual cell. 

An arrangement of compounds on such a phygioIobrlCal 1J8.818 is as 
yet beyond us, for although we know a certain amount about the 
normal disintegration of albumins into amino-acids, we know notJhing 
as to the physiological processes by which amino-acids arc built up 
into albumins. That the nuclear compounds are the active (tgents in 

this building up of higher compounds the author knows from his 
hlatological research, and he is at present engaged in adducing chemical 
proof, apart from experiments on plants and a.nimals.. 

In the following chapters a. purely chemical classification has been 
adopted by the author; the individual substances being a.rranged in 
such a way as to lead from the lower members of a series to the higher 
ones, from the less to the more. highly oxidised forms, and from open 
chain- to ring-compounds. 

Due stress has also been laid in the eighth chapter on the import. 
ance of salts in converting dead pseudo-amino-compounds into living 
ones. 

Proteids are met with in nature in one of the following states :-
1. In the form. of solution in the fluids of animals or p1a.nts, &8, 

for example, in blood, lymph, and coli sap. 
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" As so-called . protoplasm' in the cell:; and tissues of plants and 
animals. This plasm is a mixture of albuminous substances 
!Lnd other organic and inorganic compounds j it possesses a 
definite f'tructnral arrangement and occupies a middle position 
between t.}w solid and the fluid states. The animal support.ing
structures huilt up of the so-cu.llcd albuminoids are in a 
somewhat firmer state thll.Il is the ordinary cell-plasm. It is 
possible to extract these albuminous substances from the 
organs in 1vhich they occur either hy the simple process of 
dissolving them out or by employing stronger measures. 

3. As reserve mat,erial in the fonn of firm or even crystalline 
structures, which act as storehouses for the developing em
bryos of plants and animal~. 

'Proteids! or albuminous bodie,,, form a well-defIned group of 
organic compoulllIR wit.h definite physical and chemical propel,ties, 
They are for tlJC greater part built up of a-amino-acids linked to one 
another Ill'. acid-a.mincs. Theil' general characters agree to such an 
extent that a !l_ouLt hardly ever urise~ in OUI' millds as to whether a 
given suhstance is, or is not) a proteid, and already amino-acids have 
been comhined into aggregates gi\ ing the chemical tests of such pro
kids as are found normally in animals and in plants, 

For purposes of classification' proteids ' mny he diVIded into three 
groups: 

1. Albumins which oceul' in nature as 'native alhumins.' They 
include the' allmmiuoid ' substances wbich form the support
ing or connective tissues of the animal body. 

:J, Proteids proper, which are combinations of the native 
albumins with such other organic compouuds as sugars or 
radicals wntaining phosphorus or iron. 

S, Derivatives of the natural albumins and proteids, which retain 
in their chemical configuration the characteristics of albumin
ous stlbstances, and are represented hy the albumoses, pept-ones, 
peptids, ,'wd other compounds. These bodies are met with in 
nature as products of digestion and metabolism, but they may 
also be obtained artificially by hydrolysis of the more com
plex albuminous substances. 

It is customary in England to use the term 'proteid J for all 
albuminous substances, while in France the term' substances albumin
oides' is used similarly. Of late there has been a tendency in 
G..rmany to use the English phraseology and to speak of 'Protein
.u~~~:, The author has thought it best to follow Cohnheim in 



('HAPTEN I 

Reactions of Albuminous Substances 

ALL albuminous snbs.tances are built up on the amue chemicall'rinciple, 
and hHve therefore a numher of rettctions in common. Not one of 
these reactions is characteristic of alhumins, if taken hy itself; but if 
any snhstancp gives seHlml Or all of' the readions described helow, 
then we are 'permitted to class jt amongst the alhnminsJ 

The author has endeavoured to trace each test hack to jt" 
originator. 

1. COLCHjR TESTS 

No colour reactions, with the exception of the biuret-test, are 
characteristic of a.1buminous substances as suell, for they all depend OIl 

the prcs;ence of certain non-albuminous compounds, or groupings of 
atollll'l occurring normally in alhuminR in such a fornl :18 to r-dlow of 
interaction with the reagents. All Wsts, excepting the hiuret-test, prove 
simply tbe presence or absence of certai.n radicals, thereby allowing 
us to ditfereutiate between various kinds of albumins. 

1. The Biuret~ReiU:til)n Df ROBe and lVif'demann 

Add to a watery !!olution of an albumin a sufficiently la.rge amount 
of soda or potash solution, and then add a few drops of a di1ute 
solution of copper sulphate, when with the native albumins a blue or 
violet colour, and with dissociation -products such as albumoses or 
peptones, and. also ·with certain vitellines and histones, a pure red 
colour is obtained. In performing the test a.n excess of copper 
sulphate must be avoided, as it is apt to obscure the reaction because 
of its own blue colour j and the solution should not be heated, because 
many peptones are decomposed by heat. 

1 The older literat~ up t() 1893 is fully dealt with ill J. W. Pickering's paper, 
Jourm:i/, of Pkyitiology, 14. 347 (1893), wllile the mOTe recent. litfOrature is given mOTt! 
fully Ulan here in Mann's PhysiolQ{/ieal Histology (Cla.rendoll Press, 1902). 

5 
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Rose 1 in 1833 was the first to observe this rea.ction with albumin. 
It was discovered quite independently and investigated more ful1y by 
Piotrowski 2 in 1857. "Tiedemann 3 had previously, in 1849, found 
biuret to give a rose-red reaction, and since his time this reaction has 
been known as 'the biuret-reaction.' Gnezda 4 in 1889 showed 
albuminous substances to give yellm ... · and orange reactions if nickel 
was substituted for copper; and Piekering 5 in 1893 found cobalt to be 
an even more delicate test than cappet, while no definite reactions were 
obtained with the salts of iron, mnnf,rttll€Se, and zinc. 'l'he first 
explanation of Rose's reaction we owe to Schiff; as is more hIlly 
explained on p. 141. 

The biuret-reaction is of special interest because it differs from all 
other reactions in not being obtainable with any but the albuminous 
dissociation-products of ' proteicis,' It is therefore generally used if we 
wish to distinguish between albnmins and their simpler or secondary 
decomposition-products. A sharp line of demarcation between these 
compounds cannot, however, always be drawn. (See pp. 118, 144, 149.) 

Stob"is (i and Salkowski j draw attention to tllt~ fact that urobilin 
produces 'witb sodium hydrate aJJd copper sulphate a colour which is 
undistinguishable from that of the biuret-reaction. 

2. Thl! Xantlwproteic-Readiou qf Pourcro?J and Vauqudilt 

On adding ~t st,rong soIut,ion of nitric acid to a watery solution of 
an albumin or to a solid albumin, as contained, for example, in a piece of 
bread, there is produced either in the cold, as in the case of bread, but 
usually only after heating, a deep yellow colorat.ion, which on the 
addition of soda solution becomes reddish brown, while with ammonia 
it turns a vivid orange colour. 

This reaction was first noticed by Fourcroy and Vauquelio,8 who 
called the product. 'the yellow acid'; they also noted its very bitter 
taate. Furth 9 has shown the reaction to depend on the formation of 

I F. Rose. Pogflend&rjJ'8 Ann, 28. 132 (1833). 
!l G. v. Piotrowski, SitzG. Akad. d. WlsS. Jrien, 11udk.-1W:tU1'W, Class!!, 24. 385 

(1857). 
S G. WjedemanD, POUflentiorif's Ann, 74. 67 (1849). 
4 J. Gnezda. hoc. Roy. &c. 47. 208 (1889). 
fi J. W. Pickering, JOU'fn. of Physiol. 14. 347 (1893). 
15 H. B. J. Stokvis, Zeitschr. J. Biol. 34. 466 (1896). 
7 E.8&lko"\\'ski, Berl. ltlin. WQcMn.sch. 1897, No. 17. 
t! Fouroroy and Yauquelin., Amt. (]him .. 56. p. 37 [30 vendemiaire an XIV. i.e. 

18£.5]. (~_o Berzelius, NtdWo.ChirulJ1j. Trans. 3. 205 (1812).) 
g. O",~~~, Einwirl...-ung '!.'Ott Salpeters«m-e Q/III Eiweissst()/e. Habilitations&chrift 

(St,,"."'g, If r). 
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nitro-derivatives, and Salkowski 1 that the rea.ction indicates the presence 
of aromatic radicals in the substance under investigation. Rohde 2 

points out that a very intense reaction is obtained with tryptophane. 
In addition to albllmins this reaction is also obtained with many other 
substances, such as the humins. (See p. 89.) 

3. Th, Reaction of Mililln 

On boiling mercury with strong nitric a.cid until a portion of the 
liquid no longer gives It precipitate with common salt; adding Atrong 
nitric acid to the concentrated solution of mercuric nitrate, Hg(NOs)2; 
separating oft' the crystalline magma cDnsisting of 2 Hg(NOa)2 + H20, 
there remains 1~ thick mother liquor having the const.:wt composition 
Hg(NO:.\)2 + 2H~p. This solution possesses the power, first noticed 
hy Lihuvius, of colouring the skin a dark~red tint. Mercurous nitrate, 
Hg(NO;{), 18 formed by the action of dilute nitric acid, in the cold, on 

mercury. It is readily soluhle in dilute nitric acid, and this solution 
brought on to the skin colours it, first purple and then of a black tint . 

.Millon's reagent is u. solution of mercurous nitrate in nitric acid.'~ 
If it be added either to a watery solution of an albumin or to a suspen. 
sian of solid albumin in water, or be poured, tor example, over a piece 
of bread, there is obtained either in the cold (as with bread), or after 
boiling, a pink coloration of the tluid or a. pink to blackish - red 
coloration of the precipitated albumin. The rea.ctjon is given by all 
benzene derivatives in which one hydrogen atom has been replaced by 
the hydroxyl group OH; 4 and as tyrosin is the only oxyphenyl com~ 
pound in the proteid,5 the reaction shows the presence of tyrosin. 
The latter is contained in all albumins with the exception of gelatine 
and certain albumoses and peptones. Inorganic sa.lts in higher con~ 
centrations prevent the reaction. See also under tyrosiD, p. 50. 
This reaction has been very fully investigated by Vaubel 6 and by 
Nasae, '; whose papers are abstracted in the author's Physiological 
Histolof!Y, pp. 321-323. 

I E. Salkowski, Zeusch<r. f. physiol, Chem. 12. 215 (1887). 
'.il E. Rohde, ibia. 44. 161 (1905). 
3 Millon, OQlnpt. ReTid. 28. 40 (1849). 
40 A much full(lr aCC'Qunt. induding the exact researches of Vaubel 3l1d NM..~e, is given 

in Mann's Physiological Histology, 1902, pp. 321-323 (Clarendon Press). 
~ E. SalkowsJti. Zeitschr. f. physiol. O/u;m. 12. 215 (1887); O. NasRe, PjW.ge:r's 

Arm. f. d. UU PJqJ9iol. 88. 361 (1901)_ 
6 Vaubel, Zeit. I. angew. Ohem. (l900), p. 112.". 
, N&AAe, PJlii{fer's An". 88. 361 {19Dn 
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4. The Lead Sulphide Reaction of Vopel 

If albumins are hoiled with a lead salt and soda solution there is 
formed either a black precipitate or at least a brown or bla.ckish dis
coloration of the fluid. The reaction depends on the splitting off of the 
8ulpho-hydryl group SR. deri\'ed from the cysteill radical (Hofmeister), 
and the 8ubseq1lent formation of lead sulphide. Instf'ad of a lead salt, 
the salt of auy other metal may be employed, the ~ulrhide of which is 
black 01' darkly coloured. All albumins except protamill, peptones, 
and perhllps histone, contain sulphur, and therefore giye this reaction. 
Vogel 1 first noticed that decompos,ing serutn exhales a gus which has 
the property of blackening lead acetate. 

5. The Reaction ()j Jl!olL.;c}1 

By the addition of It {e"w drops of all aleoholic solution of a-naphthol 
to an albumin solution, followed by the addition of some strong 
sulphuric acid, there is produced a "iolet colour, which on the addition 
of a.1eohol, ethel', 01' potash solution turns yellow. If tbymol be taken 
instead of a-nnpht.hol, a carmine-red colour results, ,,,hich by the addi
tion of water is turned green. 

MoEsch t considered this reaction to he characteristic of carbo
hydrates, hut ~eegen j showed later that albumins also give it. The 
reaction depends all the strong sulphUJ'ic acid converting carbohydrate 
radicals, wherever lllet with, into furfurol, which latter gives the 
colour reactions with a-naphthol or thymol- This reaction is there
fore identical with Pettenkofer's bile acid reaction and 'Lelongs to the 
so-called furfurol reactioIls,4 and is a sure index as to whether carboM 

hydrate groups are present 01' absent in any given pl'oteid_ 

6. The Readioll of Adarnkicwicz, Hopkins and Cole 

Adamkiewicz c. described the following reaction: On dissolving 
dry, defatted alhumin in glacial acet.ic acid and subsequently adding 
concentrated sulphuric a.cid, there are formed at the junction of the 
two fluids red, green, and violet rings. On shaking, the whole solu
tion becomes eoloured. On spectroscopic examination a broad b&nd 
is seCn stretching from the blue to the yeUol-1r. The explanation of 

1 Vogel, An-n. Chil!l. 87. 215 (1813). 
: H. Moliscb • . ..lfQM.lsJI£/tej. Chem. 7. 198 (1888). 
1I .J. Soogen. Zentralbl. J: d. medizin. Wiss. 1886, pp. 785 and 801. 
"F. MyU1¥'o Zeitschr. j. ph,/sial. ('kent. 11. 492 (188i); L. Y. Udrunszky, ibid. 12 

3S9 (16!!8).. • 
:l A. Adanf tcz, Pjfifge'¥"s Arch. j. d. ga. Physiol. 9. 156 (18';'4), and lkr. d. 

deutsch. r:!ufm."_ • 8. L 161 (1875). 

"" 
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thi::; reaction we owe to Hupkins l1ud Cole,l who showed that, 1ho 
reaction is not due to acetic acid, hut to glyoxylic aciu, COOH--CHO, 
which is usually present in acetic acid. To get the best results they 
proceed thus: Glyoxylic acid is prepared by throwing SOIDe sodium 
amalgam into a strong solution of oxalic acid, and then filtering after 
the formation of gas has ceased. Oll adding some of this glyoxylic 
acid to an alhumin solution, shaking up, and then adding strong sul
phuric acid, a beautiful bluish-yiolet colour is seell. The reaction 
depends, as Hopkins and Cole ~ hlLve also shown, on tryptophane or 
indol-amino-propionic acid. Tryptophane possessos two other colour 
reactions, \yhicb arc, however, only given when it is ill the free st&te, 
and not as long as it forms part of the albumin molecule. These two 
reactions are) firstly, a violet colour ·with chlorine water or bromine 
water in a solution of acctie acid, and secondly, the pyrrol reaction. 
(See p. 54.) [That tryptophane also gives the xanthoproteic re
action has been pointed out above. J 

7. 1'lle Reaction of Liebe1'manu and Cote 

Ijiebermann:) found albumins which had beell purified and defatted 
hy four alternate changes of alcohol and ether and then dried, to 
exhibit a deep blue 01' blnish·vi(Jjet colour Oll heing hailed with fuming 
hydrochloric acid. 

This reaction Hofmeister 4 considered to he a furfurol reaction in 
'which both the clwbohydmte l'lulical of the albumjn molecule-changed 
into furfural by the action of the acid-and the :.:tromatic oxyphcnyl 
radical took part. Cole,5 however, has shown that Liebermann's reaction 
is due" to an interaction between the glyoxylic acid which is present in 
the ether used for washing the albumin, and the tryptophane which is 
split off from the albumin by the action of conceIltrated hydrochlork 
acid." 

8. The Diazo-Rerl;/'JilYft of RAdich nnd Paut!! 

Ehrlich 6 showed in 1882 that urine gives f.t very distinct red 
colour during certa!n pathological changes, for example during typhoid. 
If one litre of urine is mixed with .50 cern. of hydrochloric acid and 1 grm. 
of sulphanilic acid, and if then to 250 ccm. of this mixture [) ccm. of a. 
half per cent solution of sodium nitrite are added, there is formed, 

I F. G. Hopkins 11m] S, W. Cole, Proc. of the .Royal Soc. 68.21 (1901). 
2 F. G. Hopkins a.nd S. W. Cole, Juum. oj Ph,ysiol. 27. 41S (1901). 
:I L. Liebermann, Zentralhl. j. d. 'IIwdizin. ·Wiss. lS8i, p.3il. 
, ]'. Hofmeister, Left/aden I. d. praktiseh·chemischen Unterricht d. Mediz. p. 80. 

Braunschweig, 1899. 
~ Sydney W. Cole, Jour'lUil Of Physwlogy, 30. 311 (1904). 
6 P. Ebrlich,_Zeitsehr. j. 7dini~du Med. 5. 285 (1882). 
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herebYI the substance dia,zobenzene~[mlphanilic acid, which with the 
unknown substa,nce in the urine produces the red colour. 

Pauly 1 prepares the diambenzene-sulphl.tuilic acid in the following 
way; 2 grams finely puh'erised sulphanilic acid are shaken up with 3 
cem. water and 2 ccm. concentrated hrciroQhloric acid, and this mixture 
is adrled in small quantities) within one minute, to a solution of 1 gram 
of newly prepared pota..<;sium nitrite in 1 to ~ cem. water; after each 
addition the mixture is cooled. The sulphttnilic acid p:1sses rapidly 
into solution and is SOon replaced by It dense, wbit,e, crystalline deposit 
of diazobenzcne-sulphanilic acid; after a few minutes the fluid part is 
sucked off' and the crystals are t.hen washed with a little water. 

In testing for histitlin, ascertain the absence of tyrosin by means of 
.:\Iillon's reagent; add !:iodium carhonate solution to the fluid under 
examination tm the reaction is alkaline, and then add 3 to 5 cern. of a 
freshIY-l)repal'cd solution of a few cent,igrams of diazo1enzcne-sulphanilic 
acid ill soda solution. The red colour of histidin appears usually at 
once, and at the latest after three minutes. On diluting with distilled 
water the red colonr does not disappear (histidin) or becomes somewhat 
more yellow (tyrosin). All other alhuminous derivatives, such as 
glycocoll, aranin, leucin, a-amino-v:tlerianic acid, serin, lysin, ornithin, 
asparagin, glutaminic acid, cystin, and hippuric acid give in sodium Car
bonate solutions lemoll yellow to dcep ,vellow colours, which disappear 
on dilution and on acidification. n~Pyrrolidin "carboxylic acid and 
tryptoph<Lue give negative results. 

Hi$tidin is recognisable in dilutions of 1 ; 100,000 (pale pink) to 
1 : 20,000, in which case the colour is already a deep cherry. red in 
thicker solutions.-The diazo-reaction is also a more delicate test for 
tyrosin than is Millon's reaction. 

9. The Glucosamin-Test qf Ehrlich 

Ehrlich 2 made in 1901 the discovery that urine turns a more 
or less pronounced carmine-red colour by the addition of a few drops 
of .he pale yellow p-dimethyl-amino-benzaldehyde dissolyed in normal 
hydrochloric a.cid. His pupil Proscher S outained a substance in 
sufficient quantity to determine its formula as C16H240{jN2, from 
which Ehrlich calculated that the substance was either formyl-

1 Herm. Pauly, Ztitllckr. j. phl/sWl. Chem, 42. 508 (1904). In a second paper, ibid. 
44. 159 (1905), it :L~ pointed out that the diazo-reaction does not allow us to distinguish 
between imido·azols and the pyrimidiu.nuc!euB, because the 4-methyl uracil, which is an 
oxygen-coutaininp: pyrimidin, also gives the diazo· reaction. 

II Pa.uUil .. licL, Die m.edic. Woc1ten&ckr., April 1901, No. 15. 
$;,~_ Zeitachr. J. phyiwl. ahem. 31. 520 (1900·1), and D~ WUld, 

lVoo~1i.aCh.l 13, p. 927. 
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glueosamin, or an acetyl derivative of the still unknown pentosamin. 
Friedrich Muller confirms Ehrlich's statement that pure mucin and 
mucoid substances do not give tbe red reaction, if their watery Boln 
tions are trea,ted directly with the reagent, or even after long treat
ment with boiling mineral acids. Positive results are. however, always 
ohtained if the mucinoid substances are first rendered alkaline with a 
little alkali or baryta, and if they are then warmed.. On adding to 
these alkaline solutions 2 t·o 5 per cellt solutions of )I-dimethyl-amino
benzaldehyde dissolved in normal hydrochloric acid till the reactioll 
has become acid, a red colour is obtained, especially on heating. 
Ehrlich showed, microscopically, that in a section of cartilage the 
perichondrium stains an intense reddish violet, while the hyaHne 
cartilage and the surrounding connective tissue or fat remain colourless, 
with the exception of a few peri+vascular strands containing eiaAtic 
fibres, and }fann J demonstrated the distribution of the glucosamin 
histologically by fixing tissnes in 0·5 per cent KOH in 90 per cent 
methyl-alcohol for 24 to 48 hours, or longer at 30 to 40", IlIld then 
tmnsferring the tissues to a 2 .. ~ per cent solution of p-dimethyl+amino 
benzaldehyde in ] per cent He]. 

o. Neubauer believes Ehrlich's benzaldehyde reaction to depend on 
, urobilinogen: but also to be obtainable with albuminous suhstances 
in the presence of stronger acids.2 His pupil Hohde 3 confirms the 
observation of Ehrlich that the benzaldehyde is linked up to proteids 
by its aldehydic radical, for in addition to the ohservation of Ehrlich, 
that formaldehyde, when added to urine, prevents the formation of the 
red colour, Rohde found the addition of form- and acet-aldehyde to 
casein to prevent the latter from giving colour-reactions with' Ehrlich's 
benzaldehyde.' Rhode also showed that the aldehydes of the aliphatic 
series (form~, acet-, propyl-, butyl+aldehyde) do not give colour 
reactions; citral and furfurol give yellow colours, while all aromatic 
aldehydes show either a red colour (para-dimethyl-amino benzaldehyde, 
vanillin, salicylic, and cinnamic aldehydes, hadromal) or a green colour 
(para~nitrobenzaldehyde, amino-benzaldehyde), or a blue colour (genti
sinaldehyde). TIe only brilliant colours are obtained with 

CHO o 
NO, 

p-nitro-benzaldehyde 

CHO 

OOCR, 
OR 

vanillin 

CRO o 
N(CIL), 

p-dimethyl.amino-benzaldehyde. 

I Gustav Mann, Physiological Hmowgy. 1902, p. 299. 
~ Neubauer, 8itzber. d. Gesdl. f. Mmplwl. u. PhysioL in MiLnchen, 1003, p. 32. 

, E>"Win Robd~ Zeit.f. pltyaiol. (}hem,44. 161 (1905). 
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The bAt of these, recommended by Ehrli('h, i;:, more deli~ate than the 
ot.her two, t(lf it. 'will allow tryptophane to be recognised in dilutions 
of 0.00:) per cent. 

According to nllOdf: trrptophanc is the only radical present in 
albumins which gin)s coll)ur-reactions with the aromatic aldehydes. 

Tu ohtai}) colour-reactions with n.1hllminons SUhst."tIlces procE"cd 
dIU>: :-Add to t1lE' alhumlno:ls solutioll 10 drops of a:; per ('ent ~oluti()n 
of p-dimethyl-amino-bcnzaldchydc in 10 per cent sulphuric acid; then 
add strong sulphuric acid, shaking constantly, till the colour is 
obtained. Y:millin is Ilsed similarly in a ;) per cent, f\1cohoIic solutioJl, 
while p-nitro-henzaldehyde is added il1 the ~olid form as it 18 ;nsolllbJe 
in acid~, alkalies, awl alcohol~. 

'Vhe]} f.!"iY{\}) to rabhitf; in the foou j p-dinH'tlJy]-amlno-l.enzahlt'h.ple 
appears in TIle un'ne J as a petired g(veufonic acid, having 1)J'o/,aIl1r tile 
formnl;t-

(CH),,,-C,,U,-l'O-CH-(CllOH), -CU- CHOH- -COOll, 
I 

--0 

and also :\:-.; p-mouomethyl-amino-henw:ic acid and as free II,dimethyl
.umino-ucnzol(; ;:tcid. 

II. PllEt'IPJTATJ(l); Tb~TS 

Generally sppaking, n.1hnmln>; are oilly solnl)le ill water, n.nd there
fore art', precipitated by most. other fluiuFi. Amongst the lat,ter the 
mm;t important is 3olco1101. In ahsolut,· alconol aU alhumins are in~ 

so]uhle, hut the percentage strength of nlcohull'cquired for precipitating 
different albumins varies greatly ,,,jth the individual albuminous sub
stances and may sen-e to distinguish 1etween albumins (Hofmeister,2 
Mann,3 Tebb 4). That an albumin such as egg,white may show different 
states of precipitation according to the st.re.ngth of ethyl ann methyl 
alcohols and of acetone has been fully de13cribed by )orann.;1 

The chloride~ :\ud the sodium salts, especially of the dCllaturalised 
aLbumins, are much more soluble in alcoh()l than are the albumins them
~elves. Vreu. and the alcohol soluble salts behave, according to Spiro,s 
as hases, for they incret~se the solubility in alcohol. Spiro found, 
further, that the higher members Df the alcohol series have an 
increasing power of precipitating alhumins. Of tIle aromatic alcohols, 

1 M. Jaffe, ehem.43. 3i4- (J905). See .also about dimethyl.amino-
Uk-em. Ges. 34.2737 (1901). 

lJ F. Hofmeister, See p. 179 and table on p. ISO. 
8 MIIIo1l1l, Physiological JIwtology, 1902, pp. 103-104. 
i )to ~ristine Te"bb, Jo.ur'lwl oj Physiology, 30. 25 (1904). 
~ K. f 'ro, Hojmei"f_m··s Beitr. IV. 300 (11103). 
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phenol is the best precipitant, and the higher a memher in this series, 
the less does it precipitate, and stronger solutions of all aromatic 
alcohols redissolve the originally formed precipit<Lte (Splro 1). ACCt01H' 

and chloroform precipitate a::; Joes alcohoP 
The processes of salting out, and of heat precipitation "\rill IJ(J lIis 

cnssed in Cha.pter YII. 
\Yith a llurnher of acids amI lXJ}wH alhumillOU::l bodies form (Illite 

or almost insoluhlf' bodies, :l.Ild are therefore precipitated from their 
watery solutions. Thi~ rcaetion is chameteri::;tic of all natural albu
minous substances, the complex albumin;:;., and, for the most part, all 
dCl'iviltlves which still rcsemhlti allmmills, such <15 the albumoses. The 
further a derivative of 11U albumin is remowd from its natural state, 
the more difficult does it become to precipitate it, as will he more 
fully described in Cha,pter JY. 

1. Prer:ipiiatiOfI (if ,AlbuTnilllll18 j .... 'III,danN·s ii!' I~'alts (If flit, lic/Wil J[efals 

~\Jhumins, belng potential acids h0catl)iC of their amino-acid llatnre, 
are precipitated hy the saits of the heav.)' llletais as insoluble metaUi(~ 
albuminates from add, neutral, or alkdinp ."iolntioll:'l. The precipitation 
is alwa.ys a. complete OllC, awl the precillit<Ltc is as a rule insoluble in 
an excess of the r(~agent when we a.re dealing with the a.lhumins proper, 
while some of thc proteid derl'mtiycs, such as albumo:;es, lhay fe
diiisoh'e. The myogen of muscle is an exception, as it is not precipi
tated hy the heay}' metals in the ab.,;etlCc of alkali salts (r'iirth 3). 
The same holds good for hremoglobin,4 and may hold good for other 
albuminous substances (Cohnheim). 

Nearly an the heavy metals precipitate, but those commonly 
employed are: 

1. Ferric chloriuc and ferric acetate j they were used by P. 
Muller," 8chmidt-.Uiilheim,u Siegfl'ieJ,7 and others. ,"Vitb 
excess of ferric chloride the precipitates are apt to redissolve. 
Hose 8 was;: the first to describe a jelly-like compound fanned 
by the union of albumin with ferric chloride. 

2. Copper sulphate and the still more sensitive copper acetate. 

1 K. Spiro, Hofmeiliter's &itr. IV. 800 (1903J. 
:l E. Salkowski, Zeitsckr. f. physwl. (}hem. 31. 329 (1901). 
;'I O. v. Furth, Archiv f. experiment. Patholog. v/l1d Pharmak. 36. 231 (1895). 
4 F. N. Schu4, Zeitschr. j. physiol. Chem. 29. 86 (1899). 
5 p. Miiller, ibid. 26. 48 (1898). 
6 Schmidt-Millheim, Arch.f. (Anal. u.) Pltyrtiol. 1880, p. 33. 
I M. Siegfried, ZeitRckr. j. pkysiol. Oft.em. 21. 360 (1895), and Arch. f. (A nat. 

It.) Phyticl. 18~4, p. 401. 8 Ferdinand Rose, PoggeruuH./J's Ann. 28. 140 (1833). 
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Mercuric chloride. It precipitates, according to Kuhne,l Neu
meister,2 and Siegfried,3 even the peptones. 

Lead acetate, basic and neutral; it has been recommended by 
Hofmeister"- as a very perfect precipitant. 

Zinc acetate, introdueeu hy Abeles. J 

Uranyl acetate was employeu by .Jacohy n and Glassner 7 for 
purifying ferments. 

Salts of platinum, cobalt, and many other heavy metals were 
investigated by Chittenden and "Thitchouse. ~ 

In addition to the heayy metals, albumins are also precipitated by 
1\ number of organic colou1'- bases. Mathews \l and Heidenhain 10 

obtained marked precipitation with malachite green, brilliant b'1'een, 
new fuchsin, ullramin, phenos:dranin, antI rosaniline acetate; more 
feeble precipitation with Nile blue, vesuvin, tbionin blue, toluidin 
hlue, methyl green, methyl violet, chrysoidin, neutral red, and neutral 
violet. For a fuller account see p. 225, and especially Mann's 
Physiological lIisto[o{IY, 1902, pp. 452~459 (Clarendon Press). 

A behaviour analogous to that of the colour- bases is shown by 
some basic albuminous bodies, namely, the histones and the protamins, 
which precipitate other albumins from alkaline solutions. 

2. Preripitation bll means ~f Acids 

The Alkaloidal Rea{lents 

Being amino-acids, albumins are potential bases. They are pre
cipitated by a series of complex organic acids, the so-called' alkaloidal 
reagents' (.:vrylius 11). As albumins arc yeryfeeble bases, the salts formed 
by their union with the alkaloidal reagents undergo a hydrolytic 
dissociation when they are dissolved in water. Thus phosphotungstate 
of albumin is dissociated secondarily by the ions of the water, and can 
therefore be rendered permanent only in the presence of an excess of 
phosphotungstic acid. As a rule the precipitate is dissolved as soon 

I W. K\ihne, Zeit,~cltr .. r. Biolo!}. 22. 423 (1885)_ 
2 R. Neumeister, ibid. 26. 234 (1890). 
:l M. Siegfried, Zeitschr./. pkysiol. Chern. 85. 164 (1902). 
~ F. Hofmeister, ibid. 2. 288 (1878). ~ M. Abeles, ibid 15.495 (1891). 
6 M. Jacoby, ibid. 30. 135 (1900). 
'I K. Glli.s.9ner, Hofmeister's &itT. i. 1 (1901). 
a .R. H. Chittenden lUld H. H. Whitehou$e, Maly's Jahre.slm'. f. fferckem£e, 17. 11 

(18St)., .. ~ '. 9 Albert Mathewl'l, AtM7'. Jowm. oj Phiysiol. p. 445, July, 1818. 
:~,.~,~*.i¥-enhain, PftUgr:r'sArch.!. d. gell. Physiol. !JO. 115 (1902). 
h F. 111; '''' &r. d. ~. <hem. Gu. 36. I. 775 (1903). 
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as the reaction becomes alkaline, but, the more strongly basic a.lhumiJls
the histones, and especially the protamin~-are precipitated eyen when 
the reac60n is slightly alkaline, or at least neutral. 'Vith Ull excess 
of the reagent, the albtlmins proper remain precipitated, hut peptones 
and some of the albumose.., pass again into solution. (See Chapter Y.) 

The most import;:tnt alkaloidal reagents are: 

Phosphotungstic acid ) Th 1 . . d 
Phosphomoly bdie aciJ ~_ ese t n'ee preCIpltate peptones an 
Tannic acid j ate user) frequently. 

Ferrocyanic acid, usually employed in the form of acetic acid 
+ potassium ferrocyanide. It is used clinically as a test foI' 
albumin. 

Trichloracetic acid. 
Picric acid. 

PicrolO1Lic acid is 1 p-nitrophenyl~3 methyl -t nitro--5 pyrazololl, 
ClOHsN40" or 

It was first recommended by Knorr I for the isolation of hexone-bases, 
in particuln.r for arginin and histidin, as the lysin compound is 
soluble. To free the bases from pi2roionic acid, H2S04 is added to 
the hot , ... atery solution of the bases, when on cooling the picrolonic 
acid separates' onto The last traces of it are then removed ,,,,'ith ether. 

Iodine-hydriQdic acid; iodide of mercury, iodide of bismuth, 
iodide of cadmium in hydriodic acid, employed usually in the form of 
iodine-potassium iodide, iodide of mercury-potassium iodide, etc. + 
hydrochloric acid. Iodide of mercury + iodide of potassium in hydro
chloric acid is known as Briicke's reagent. 

Platinum chloride, metaphosphoric acid, tungstic acid, and allotelluric 
acid precipitate also according to Mylius,2 and Heidenhain 3 has shown 
that most of the acid aniline-dyea precipitate, and that some of these, 
e.g. violet black, ponceau, palatin red, and neucoccin, are the most 
sensitive of all precipitating agents, if the reaction be acid. Some of 
the complex organic acids of unknown constitution, such as nucleic, 

1 Knorr, &r. d. deutsek. ahem,. &es, 30. 909 (1897). See also M. Schenck, Zeit. /. """sid. aMm. 44. 427 (1905). 
, F. MyU.., ibid. 36. I. 775 (1903). 
l M. ReidBnhain, Pfluger's Arck./. d.!Ju. Phll.'Jiol.90. lUi (1902). 
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taurocholic, and chondro.-snlphuric acids 1 ullio precipitate, provided the 
reaction be acid. 

The precipitation of albumins, and partly also that of albumoses, 
by means of F-trong mineral acids such as hydrochloric, nitric, 
slilphl1ric, and phosphoric aeids, differs somewhat from the precipitation 
described ahove. The reaction with nitric acid is so sensitive that it 
is used clinicall,r for detecting the presence of albumin in urine. 
True albumin~ arc insoluble in an excess of acid and when heated, but 
not so the alhumoses. "\yit,b the latter the precipitate disappears on 
heating and l'cappectrs OIl r,ooling. On heating we see in ,tddition to 
the precipitation also the xanthoproteic-reaction . 

• Vir.rosropir Iurntigation~ 

The bclULyjOur of uJlmminons suhstances, under different physical 
nud chemical conditions, is fully discussed in the author's Physiologiw! 
llis/olu!J!I,'2 wbose chief result, as far as structure is concerned. may he 
summed IIp thus: Electrolytes do, 'whik non-electrolytes, such as 
formaldehyde and oRmium tct,roxide, do not, produce artefacts in 
'fixing'tissues. 

The ultra microscopical nature of albumins has heen studied hy 
F. Haehlmann," hy Miehneiis,4 Pauli," and \Ya.vmouth Iieid,l; 

1 1'ie(" \J.lh}er re~pectj;'e ~l.Cith. 

:! Gll"ta\' !l-la1l!l, Ph,l'sillio,'1ilal llis/t,/o!}!!: T1I1'.or.1I wul }.Iet1wd!!. Clar,'wlon l'Tt:'~~, 

]902. 
r F. R1W]tllIlll.llll, ncr/in('/' klin. U"pchms";" 1904. p. lSl\, 
~ L. Mi('kwli~. l'"ifChol"'s .Ink 179.~1g;, (1905). 
[. W. Pauli, 6. 258 (1905). 
(; E. 33, 12 (1905\. 



CHAPTEH II 

Dissociation-Products 

'VlTH the view of t,hrowing light on the COIlstitution of albumins, 
albuminous substances have been dissociated up to a point 'where they 
lose their chemical character, ,wd the yurious dissociation-products so 
obtained have been carefully investigated. Albumins h1LV6 been boiled 
with acids and alkalies; fused with potash; acted npon by superheated 
steam j hy ferment!> derived from animals and plants and subjected to 
bacterial action. The ~hangt's which afe induced in albumins during 
the mek1.bolism of animals and ph~nts under normal and pathological 
conditions have also been studied. 

As the result of dissociation there are obtained, primarily, a Dumber 
of substances which still resemble the mother suhstance because hoth 
possoss, more or less, the same chemical constitution. The primary 
dissociation - prodUcts include such bodies as the albumoses, the 
peptones, and the peptids. These by further dissociation break up 
into entirely different groups of bodies, the so-called crystalline or 
abiuretic decqmposition-products. Neither of the two names just. 
mentioned is, however, 13till cONeet, since we now know of both 
crystalJine albumins and peptones, and of substances which, when 
placed in series, form a complete chain, one end of which is formed 
by the peptones giving the biuret-reaction, while the other end is 
represented by simple non-albuminous dissociation-products. It is 
therefore best to call the non-albuminous dissociation-products the 
{simple dissociation-products.1 

A. PRiMARY DISSOCIATION-PRODUC'l'S 

Amongst the dissociation-products a special position is occupied by 
those which are obtainea by boiling albuminous substances with hydro
chloric or sulphurie acids or subjecting albumins to the action of such 
ferments as trypsin. The product. formed hereby are the' prilll3ry 
dissoc.iation~products,' in which the carbon chain remains intact, 3Jld in 
which, &I! far as we know, the nitrogen d~es not change its position 

17 C 
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either, while the imide-groups by which the different carbon-cha.ins are 
kept together are broken, as first suggested as a possibility by Kossel : 1, 2 

CO - NH - C hecomes COOH, )lH, - O. 

In arginio, according to E. Schulze,3 a guanidin remainder unites two 
carbon-chains, and is on the one side next to the carbonyl-group CO. 
The change produced by acids ill guallidin is as foHows : 

CO -)lH - CNH - NH - 0 becomos OOOH, NU, - ONH - NH - O. 

Dissociation hy acids resembles that produced by certain ferments. 
The best method for dissociating albumins by acids is that of Hlasiwetz 
and Habormann,4 who use hydrochloric acid with the addition of 
stannous chloride. F. Bopp 5 <LIld R Cohn 6 omit the use of a reducing 
substance snch as stannous chloride, but this is, a.ccording to Otori, 7 a 
mistake. The best general account of the hydrolysing action of acids 
is given by Kossel and Kutscher.s 

The effect produced hy ferments is discussed on pp. 187~199. 
\Vhile it js thns possihle) on the one hand, to dissociate albumins, 

}~. Fischer,9 on the otber hand, has been succe$sful in lillking up two 
or more of these primary dissociation-products, and has thereby formed 
imino-compounds, which bear a great resemblance to the simplest of all 
albumins, namely, the peptone:;. (Compare Chapter VII.) 

All the other dissociation-products are not formed directly from 
the albumin molecule, hut only secondarily out of the, primary dissocia
tion-products, and are therefore only of subordinate importance in all 
im>estigations into the constitution of albuminous matter. These 
secondary products helped us, however, at one time in filling up 
gaps in our knowledge regarding the primary products, although of 
late their importauce has been greatly diminished. ' 

llistoricaJ A cr:oll'ni 

The oldest known dissDciation-produc18 of albumins are probably 
leucin, discovered in 1818 by Proust in cheese and called 'oxide 

1 A. K(ll;sel, Zritschr. f. phyaiol. Che)J~. 25. 188 (1898.). 
:1 A. Kossel) ibid. 41. 321 (1904). 3 E. Schulze. ibid. 11. 43 (1886). 
,j HIasiwetz and Hat.ermann, Liebig's Ann. 159. 804 (1871) and 169. 160 (1878). 
11 F. Bopp. ibid, 69. 16 (1849). 
6 It. Cohn, Zeit8ch.;:physiol. Chem .• 22.153 (1896), and 26. 395 (1899). 
7 J. Otori, ibid. 43. 14 (191)4). 

s Ko~l and Kutscher, ibid. 31. 165·iI900). 
t E. 'fischer and E. Fournesu, Ber. d. deul3ck.. chou. Gu. 84.. IL 2S68 (1901); E. 

}~Ue~~ ~t~US. 1. 1095 (1902); E. fischer, fJlwmil«:rzeif.u'llfl. 1962. II. p. 939 ~ E. 
F~~. deut:;ch. cJwm. ON. 36. II. 2094 (1903); E. Fisclter and E. Otto, ibid, 
38. i['2\00' 1903,38. liL2tl93 (1~03); E. P".b" •• d p. Be"",11, ibid. 36. IL 2592 
(1_)) E. MOl, ibid. 88. U1. 2962 (1908). 

~ ,'~Jila,( ~ 
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easeeux,' 1 a.nd glycocoll (or glyein), which was obtained by BracoliDot 2 

in 1820, when he boiled gelatine and meat with sulphuric a.cid. 
Braconllot gave to Proust's substance the name leucin in 1820. In 1849 
Liebig and Hinterberger S discovered tyrosin, which they prepared by 
treating hair with boiling sulph1ll'ic acid. In 1865 Cramer 4, added serin, 
which he obtained from silk glue. In 1867 Kiihne [, demonstrated the 
presence of leucin and tyrosin in fibrin by means of tryptic digestion, 
and since then up till now these substances have remained the most 
popular 01 dissociation~products. In 1868-69 Ritthausen 6 obtained 
aspartic and glutaminic acids from vegetable albumins, and Kreussler 7 

(1869) and Hlasiwetz and Hahermann 8 (1873) showed that they also 
occur in animal albumins. The just mentioned roono-amino-acids, 
along with alanin found by \Yey1 9 in 1888 in the fibroin of silk, were the 
only known bodies tiH E. Schulze 10 in 1892 added amino-valerianic 
acid. E. and H. Salkowski in ] 884 11 and Nencki 12 in 1889 investi
gated the aromatic products which are formed during the bacterial de
composition of albumins, and arrived at the conclusion that tyrosin 
could not possibly be the only aromatic compound in the albumin 
molecule, and that phenyl-ami no-propionic acid and slul,tol-amiuo-acetic 
acid must also be preformed. Their prophecy has been brilliantly 
confirmed by the discovery of phcuylalanin by E. Schulze,13 and of 
tryptophane by Hopkins and Cole,14 this tryptophane, :>ccording to 
Ellinger,I5 being indol-amino-propionic acid. 

~fornerlb showed further in 1901 that cystin, which previously had 
been found only occasional1y, was a constant decomposition-product of 
.tlbumin. 

1 M. Proust, A.nn... lZe Chi'IJ~ie et de Physique, 10. 40 (1818). 
2 H. Hr8.('~nnot, ibid. (VOll Gay·Lus~ac and At'ago), 13. 113 (1820). 
~ Ii'. Hinterberger, Liehig's Annalen" 71. 70 (1849). 
" E. 'Cramer, Journ.j. prakt. ahem. (1) 96. 76 (1865). 
~ W. Kuhne, Virdww's Arch. 39. 130 (1867), and J"erhandl. des JIeidelberger nat.

'JJi~d. rereins (N.F.), T. 236, III. 463 (l886). 
6 H. Ritthausen, Jowm. j. prald. Chem. 103. 213 (1868), 106. 445 (1869), 

107.218 (1869). 1 W. Kreusler, ibid. 107.240 (1869). 
8 Hlasiweu and J. ~abermallu, Liebig's Anmden, 169. 150 (1873). 
9 Th. Weyl, Ikr. d. deutsch. ckem. Ges. 21. II. 1407 and 1529 (1888). 

1(1 E. Sehlilze, Zeitsckr./o p/tysiol. (}llMll. 17. 193 (1892). 
11 E. and H. Salkowski, wid. 8. 417 (1884), 9. 8 (1884-), 9. 491 (1885); 

E. SalkQwski, Die Lehri 1'om Ham, 1882, a.nd in Be:r. d. deutsch. d!e'1tt. Oes. 34. iii. 
3884 (19Q1). 

It M. Nencki, Afonatshrjtef, ahem. 10. 506, 526, 862, 864, fl08 (1889). 
13 E. Schulze., &itBckr.f.ph1Jsiol. Chem. 9.63 (1884), 17. 193 (1892). 
14 F. G. Hopkinll and S. W. Cole, JOUrtl. of PhysiQ/.Qg1J, 27. 418 (H~Ol). 
D A... f!l1i.nger, Bt:ridJ,U, d. deutack. cnelll. Gu. 87. 1801 (1904); and Zeitaclvr. f. 

phJlAiol. Chtm. 43. 825 (1003). 
MI 'K. A. R. ),(ornel'. ibid. 28. 595 {l899), 34. 207 (1901). 
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A great advance was made when Drechsel! discovered that, ih 
addition to mono-aMino-acids, there occur also basic compounds amongst 
the dissociation-products of albumins. He found lysin, a diamino
caproic acid, anu lysatillin. From the latter Hedin Z prepared arginin, 
which E. Schulze 3 had previously already discovered in germinating 
lupine, Kosse1 4 added to the two bases lysin and arginin a third one, 
namely, histidin, the constitution of which has recently been fully 
cleared up (see p. 41). 

Lysin, arginin, and histidin Kossel;; calls the three hexane bases. 
These suhstances formed, <tnd still form, the centre of interest, 
especially since Kossel Q succeeded in working out methods for their 
(l'llultitative estimation, and so made it possible to determine, in a 
systematic manner, the relative amounts in ,,,hich they occur in 
different. albumins. Arginin is present in every albumin; i lysin and 
histidin arc only absent in some of the protamins, and lysin also itl 
some vegetaLle albumins. (See Tables on pp. 70-i5, and also 
p.65.) 

Of ver." great importance also is the discovery by Skraup of the 
diamino-polycarboxylic acids (see p. 44), as tbe;,;c represent the connect
ing link between the amino-acids and the sugars. 8 

Through E. Pischer 9 interesting himself in the mono-amino-acids, 

1 E. Ihcch~d, Aj·clt . .f: (.lIl(ft.11.) Plll/silll. 1891, p. 248; Bu. der Siichs. Ge8. d. 
Wiss. 1889,1890. 

2 S. G. Hedill, Zeit"dlj·.j. ph!/sivl. Chem. 21. 155 and 297 (1895). 
;l E. Schulze, ibid, 11. 43 (1886); Ber. d. deutsch. diem. Ges, 19.1. 1177 (1886). 
oj. A. Kosl'el, Zeilschr.j. ph!/si(Jl. ('Item. 22. 176 (1896). 
5 A. KOSileJ, Deutsche med. WocheJt,~ch1·. 1898, S. 581-
6 A. Kl)ssel and Fr. Kutseher, Zeiischr,/. ph:ljliiol. Chem. 31. 165 (1900). 
7 A. Kosst:l, Bn·. d. deutsch. dum. Ges. 34. III. 3214 (1901). 
8 C. Renberg, Syuthe.~c von" Oxy- and Diamino-saul'ell," Zeit,j. physWl. Clu:lII. 45. 

92 (1905). 
9 E. Fischer, 'Dissociatioll of RHceruk AllJillo.Acid~; Rer. d. dnlUch. chem. Ge.s. 

32. II. 2451 aud 3638 (1899); E. Fisc1,er, ibid. 33. II. 2370 (1900); E. Fischer and 
A. Mouneyrat, ibid. 33. II. 2383 (1900); E. Fischer and R. Hagenba.cb, ibid. 34. 
III. '3i64 (1901); E. Fischer, 'Esters of AminO-Acids,' ifJUl. 34. I. 433 (1901); 
'Synthesis of a-o-Diammo-valel'umic Acid,' 84. I. 454 (1901); 'Synthesi& of a-'Y-Dia
mino-butyric Acid,' 34. II. 2900 (1901); 'Synthesis.ofa+Diatnino-caproic Acid..' 35. 
III. 3172 (1902); E. Fischer, 'Hydrolysis of Casein by means of HydrochloriC Acid,' 
Zeitschr.j. pILl/sial. Chem. 33. 151 (1901); E. Fischer and A. Skita., 'Fibroin of Silk,' 
wid. 88. 177 (1901); E. Fischer, 'PhenyJalanin auda..Pyrrolidin·Carooxylic Acid ft!lDl 
Egg Albumin,' wid. 33. 412 (1901); E. Fischer, P. A. Levene, and It. H. Adel';!l, 
• Hydrolysis of Gelatine,' wid. 35. 70 (1902); E. Fischer lind A. Skita, I Fibroin and 
Gela.tme of Silk' ibid. 86. 221 (1902); E. Fischer, • Formation of o.-Pyrrolidin-

~~=:r~w' ,d d;!:eHJ::l!~iR:i~~;~1;~o:;:I:s~~~~:\::~i9~:) ~~. (~~~ 
ami :E. Abdt. ~ den, I Oxyhlllmoglobin,' ibid. 36. 268 (1002); E. Fischer and T. DOr· 
p~h&1UJ.: ~ ~~ roly&s of Horn! ibid. 86. 462 (1902); E. FiSCher, 'O%y-,,· Pyrrolidin· 

M, 
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great progress has also been made \,ith this dass of substances. He 
first of all set himself the task of preparillg, by synthesis, aU tllOse 
decomposition~proJ.uct.s of albumins which had not yet becllsynthetised, 
and then he worked out a method for the separation of the mono
amino-acids from one another. 1nth the help of ll.is pupils he 
succeeded: 

1. In obtaining two ne,y amino-acids from alhuminoHs sllhstances, 
namely, a-p,vrrolidin-earuoxylic acid an~l oXY-IJ;-pYl'I'olidin
carboxylic acid. 

2. In demonstrating that alanin, serin, phenyJalanin, nnd amino
valerianic aei(l form more or }('1;9 constant dissociation-pro
ducts of all the albumins and not merely of a few. 

3. In estimating, at lea:::t approximately, the amount of amino
acids occurring in different albuminous bodies. 

1fhh the pos,<:;;blc except.ion of trrrtop}wne 1 am1 SODle snbstances 
isolated b,- Leycne,2-who finds t.hat the innino-yalerianic acid, which 
is formed "during the altt,olysis or autodigestion of the pancreas and of 
the liver, has a bitter taste, while aU a-amino-acids have a sweet taste, 
-all the dissociation-products of all,umil1f3 are a.-amino-acids, which 
mea.ns t.he aminogell group, XiI2, is attached to the fir"t carbon atom 
next the carboxyl gronp, COOH. 

NH2 
I /0 

-C-C 
I "OH 

H 

This configuration determines the chemical behaviour of amino· 
acids, and thereby of the whole albumin molecule. All the substances 
obtainable from albumjn by its dissociation with acids or with trypsin 
are optically actiYe with the exception of glycocoll and Borin, while 

Carboxylic Acid; Bd-. d. deutst.h. t.hem. Gu. 35. Ill. 26{)O (1902); E. Langsteill, 
'Hydrolysis of Zein,' Zeitschr. f. physiol. Chern. 37. 508 (1903); E. Abderhalden, 
'Oxyhremoglobin,' ibid. 37. 484 (1903); 'Serurnalbumin,' ibid. 37. 495 (1903); 
• Edestin,' ibid.. 37. 499 (1903); 'Cystilldiatbesis,' ibid. 38. 557 (l903); E. :Fiscber, 
'Oa.rcin and Silk Fibroin,' ihid. 39. 155 (1903); E. Fischer and P. Bergell, '~. 

Napthalinsulfoderivates,' Ber. d. deutsch. e~1n. Gu. 35. III. 3779 (1902); E. Fischer 
and H. Leuchs. 'Synthesis of Serin, of l·GlttC0$3mi(l Acid and other Oxyamino Acids,' 
wid. 35. III. 3787 (1902); 'Synthesis of (l.Glucosamin,' ibid. 36. 1. 24 (1903); E. 
Fischer and E. Abderhaldtm, 'Trypsin Digestion,' Zeit&eh. j. phY$id. Chem. 39. 81 
(1903); E. Fischer, lkr. d, deutBch. chem. Gu. 36. HI. 2982 (1903). 

1 See p. 53, under Tryptophane. 
,Il Levene, Zeitsckr. f. physiol. Chern. 41. 100 (1904). 
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the corresponding inactive compounds are obtained, if the albumin be 
dissociated by means of boiling alkalies, especially if it be boiled 
under pressure.1 The reason for this behaviour has been discovered 
by E. Schulze,\! who showed that active amino-acids are racemised by 
being boiled with barium hydrate. Siegfried 3 has confirmed this 
especially for arginin and lysin. According to Kutscher,4 arginin is 
racemised by being boiled for a short time with concentrated sulphuric 
acid, 01' by being heated for 15 to 20 minutes in an incubator to 
210-220". As, however, mere hailing with acids also racemises a 
larger or smaller portion of the amino-acids, the ultimate product will 
always contain It certain percentage of raceme-bodies. 5 This fact 
explains the discrepancies which arise in estimating the amount of 
polarisation exhibited by some mOllo-amino-acids, () and also partly 
explains why various observers have described several isomeric 
leucines 7 differing from one another in their properties.8 

E. Fischer 0 has benzolysed the inactive, synthetically prepared 
amino-acids, and then dissociated the benzoyl-products by means of 
strychnine, brucine, or cinchonin salts into their actl....-e components, 
and finally prepared from these latter the pure amino-acids. He has 
therefore accomplished the synthesis of the dissociation-products of 
albumins. Another simple method of synthetising a-amino-acids by 
phtrl1imidmalonic ester has been described by Sorensen.10 

The rotatory power of the salts which amino-acids form with 
acids and bases is different from that of the free amino-acids. Leucin 
and histidin are he\"o-rotatory, but their hydrochlorides are dextro~ 
rotatory. As the salts of amino-acids undergo great hydrolysis in 
watery solutions, their rotatory power is found to a.lter with the 
amount of hydroohloric acid present, and the rotation becomes only 
fairly constant if a large excess of hydrochloric acid be present"ll 

1 E, Schulze aud E. Bo,~shllrd, Zeitsdlr.j.physiol. Ohmlt, 9. 63 (1884). 
2 E. Schulze aud E. Bosshl.l.IX!, ibid. 10. 134 (1885). 
11 M. Siegfried, Bm'. d. de:ut8Ch. r.h.mll. Ges. 24. 1. 418 (1891). 
4.F. Kutscber, Zeitschr./.physiol. Chem. 32.476 (1901). 
~ E. Fischer, P. A. Levene, and R. H. Adera, ibid. 35. 70 (1902); E. Abder

halden, ibid. 37. 499 (1903); E. Fischer and P. Bergell, Ber. d. deutsch. chern. 
Gal. 86. II. 2592 (1902). 

tI E. Schulze and E. Winterstein, Zeii8chr. J. physiol. Ohem. 85. 299 (1902). 
7 R. Cohn, ibid. 20.203 (1894). 
S E. Fischer, lkr. d. fkutsck. diem. Ges. 33. n. 2370 (1900). 
, E. Fi,eb", Wid. 32. II. 2451 (1891)), 32. III. 36118 (18911), 33. II. 2370 11900); 

E. }'iaclun' and A. Monneyrai, ibid. 33. II. 2383 ; E. Fischer and R. Ha.genbacb, ibid. 

~,r:dI161 (19~~;" &it.I.~. O""n. 44. 448 (1905). 

n rd F. Kutscbe~: Wid. 28. 182 (1899); 'W. Gulewitsch, Wid. 17 .. 118 
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Therefore 21 per cent hydrochloric acid is used whenever the a.mount 
of polarisation of different amino-aoids has to be determined. 

Glycocoll,l as its name indiC<'l.tes, as well as other «-amino-acidEl, 
possess a sweet taste, while {3- and y-amino-acids are tasteless, 2 The 
two stereoisomers have the same taste. 2 

if'letlwds of preparing awJ estimating Jfono-umirw-Acids 

To prepare and estimate rnono-amino-acids the following plan used 
to be adopted: The mixture of albuminous dissociation-products was 
inspissated, after the removal of the hydrochloric and sulphuric acids 
by means of cupro-oxide CUzO and ba.rium hydrate, when leucin and 
tyrosin crystalllsed out becausc of their slight solubility. Although 
the solubility of these acids is greatly increased through the 
admixture of other dissociation-products, yet tyrosin separates out 
in Jarge quantities. In t.heir impnre state both tyrosin and lysln 
crystallise out in very characteristic forms, which on microscopical 
examination cannot be mistaken, for tyrosin appears us needle-like 
conglomerations, while leucin forms round somewhat dentate nodules. 
The presence of these nodules has been considered for a long time 
to be the most ready means of diagnosing the presence of primary 
crystalline dissociation-products. 

To separate lcucin from tyrosin, Habermann and Ehrenfeld 3 use 
boiling glacial acetic acid, which readily dissolves leucin, while it has 
hardly any effect on tyrosin. Tyrosin is obtained as a rule in fairly 
pure crystals, while leucin is always contaminated by many impurities.'" 

Till quite recently no generally applicable method was known for 
separating other amino-acids from one another. Glycocoll may separate 
out if it be prepared from gelatine, as the latter is very rich in 
glycocoll. GlutaJninic acid,S Or especially its hydrochloride,6 if they ne 
present in large amount, also separate out, because glutamin-hydro
chloride is nearly insoluble in strong hydrochloric acid. But, even 
if the amino-acids which have been just enumerated could be obtained 
as fairly pure crYl3ota1s, there remain other amino-acids which will not 
crystallise,7 because all amino--acids, being both acid and basic in their 

1 H. Braeounot, Anii-. de (]him. etdt Physique, 13.113 (1820). 
!l E. Fischer, BeT. d. deutsch. ekeln. Gu. 85. In. 2660 (1902). 
S J. Ha'bennann and R. Ehrenfeld, Zeitsdt.r.J. phyBid. Clu7n. 37. 18 (1902). 
-' E. Fischel', ibid. 88. 151 (l!~Ol); .ner. d. deutsch. dlR:m. Ges. 84. 1. 433 (1901). 
ti H. Rittha.usen, Jaurn.j.praJa. Oherm.107. 218 (1869). 
Ii H. ID88iwetz and J. Habenns.n:n, Liebig', Ann. 169. 150 (1873); R. Cobn 

- ..... f. """.wi. (}Mm. 116. 395 (1899). 
7 H. Ritthllllllen, JO"IWn./. pmJd. C'hem. 103. 23-6 p868~: ~ F. Kutscher, End-
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nature, combine to form salts and thereby keep one another mutually ill 
solution.1 The solubilities of iSiolated, individual amino-acids, of many 
of their salts, and of their derivatives are frequently hut low, but aR 

soon as other homologous compounds are present, their solubilities are 
increased enormously.2 

Even cr.rstallisation is no guarantee as to the purity of an amino
acid, because leucin and ulllino-valcrianic acid and their cuprates 
have a great tendency to crystallise out together either as double 
Halts or as mixed crystals.::! I{itthausen;) used in his researches the 
method of displacing the bilses of the amino-acids with barium 
hydrate, and then precipitating the slightly soluhle barium salts of, 
e.,q., asparagin and gllltamin with alcohol. Kutscher 4 adopted the 
plan of precipitating the hases of the amino-acids with phospho
tungstic acid, hut he conld not get the acid residue to crystallise out. 
In the case of glutaminic acid Kutscher obtained a crystalline product 
by removing the hases; allowing the tyrosill and part of the leucin 
to crystallise out; precipitating the glutaminic acid as a zinc salt j 
removillg the zinc and finally e\'aporating the remaining fluid till 
crystals appeared. Aspartic acid has heen estimated by Hlasiwetz 
and Habermann as a silver salt, and by Hitthausen as a copper salt, 
hut these met.hod~ are very uncertain and accompanied by great loss, 
and therefore only applicahle if a substance is very rich in asparagin. 
Kutscher's" method of forming silversalts of the amino-acids has not 
yet been put sufficiently to the test. He adds to a solution of :1mino
acids a 20 pel' cent solution of silver nitrate, and sllbsequently barium 
hydrate, "rhen the slightly soluble silversalts of leucin and of glycocoll 
separate out, while the salts of alanin and of amino-valerianic acid 
remain in solution. 

The first practical method for the isolation of amino-acids we owe 
to Emil Fischer/' who converts the amino-acids into their respective 
ethyl-esters, according to .the method of Curt.ius! and then separates 
the individual esters, by means of fractional distillation, under the 
low'*>t attainable pressure. The only ester which is not distilled but 
is allowed to crystallise out is glycocoll-ester.s From the residue 

1 F. Kutscher, Zeitschr . .f. ph.1Jsid. Chem. 28. 123 (1899); F. Hofmeister, Liehig's 
Ann. 189. 6 (1877). 2 E- j;'ischer, ZeitSI'Ar,.f. phJlsiol. Ohem. 33. 151 (1901). 

:I H. Ritthausen, JQllrn. f. prakt. Ohem. 107. 218 (1869). 
" F. Kutsclun', Zeilsd!r. /. physiol_ Chern. 38. 111 (1903). 
fl F. Kutscher, SitZ.-Be1·. d. Berliner dkad. d. WI$S" phys.-m.ath. Kl., 29 Mfij' 1902; 

Zeit8-:hr./. physiol. (-"hem. 38. 111 (1903). 
6 E. Fischer, Bm-. d. deutsch. dum. Ges. 34. I. 4.33 (1901) ;._ Zeitsckr_ f. physWl_ 

O/Jm, 88 •. ijll (1901); E. Fischer and E. Abderhalden, ibid. 36. 268 (1902). 
1 nl.,~ and F. Gobel, Journ./. prald. Chem. (2), 37. 150 (188S). 
s_ E. Fiscl\ JZeilschl'. f.physiol. CMm. 85. 229 (1902). 
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which remains after the esters have been extracted 'with ether, oxy
a~pyrrolidin-carboxylic acid 1 is obtaitwd, while the residue which is left, 
after the distillation of the esters vields leucinimide.'l Part of the 
glutaminic acid was obtained also di;'ectly as the hydroebloride,2 while 
tyrosin was ano'wed to crystallise out according to the old plan.3 
The reconversion of the esters into the amino-acids is hrought 
about by boiling with water if the esters have a low boiling-point, 
and by means of barium hydrate if tllc boiling-point if; high. 
This method of Fischel' is the one on which, so far, the qIJ:wtita.tive 
determination of various amino-acicls bas lleen Lased. A second 
method introduced by E. Fischer and Bergell 4 depends on t,he con
yersion of amino-acids into p'-naphthaIin-sulpho-deriyatiYes, which, 
because of their slight solubility, are ei3pecially suitaule for the 
separation of amino-acids. This second method has ueen used 
successfully by Abderhalden,5 Abderhalden and Bergell,li and Fi:wher 
and Bcrgel1.7 Serin iu particular was studied as scrin-/3-naphthalin 
sulphonate_8 Amino-acids may also be coupled with pheuyliso
cyanate, and the resulting compounds be used for the identification 
of the amino-acids.9 

Siegfried lQ employs for the isolation of the complex dissociation
products of albumins the snbstance 4-uitrotoluol-2-sulphoglucin 

C6H,N02 · CR3 • SO,· :.ill· CH,COOH. 

An ethereal solution of this substance shaken with an alkaline solution 
of amino-acids, t.g. glycocoll, alanin, glutaminic acid, yields after acidi
fication with hydrochloric acid well-marked crystals, slightly soluble in 
.vater and possessing a well· defined meltl1lg-point. For purification 
the crystals are dissolved in hot water, and are then allowed to 
crystallise out by cooling the water. 

Even R Fischer's method g:i ves, however, only minimal values, as 
• in the isolation of individual dissociation-products losses are unavoid
abJe; to obtain amino-acids quantitathre]y is jmpossible even afr,er 
a triple esterification, for the residue still possesses a very strong smell 

1 E. Fischer, Ber. d. deutsch. durn. Gcs. 35. III. 2660 (1902). 
2 E. Abderhalden, Zeitschr. f. phY$iol. Chetn. 37. 499 (1903). 
3 R Abderhalden, ihid. 37. 484 (1903). 
" E. Fischer and P. Bergell, Ber. d. deutsch. ahem. (lcs. 35. III. 3i79 (1902). 
& E. Ahderhalden, Zeitschr. f. l)hysiol. CMm. 38. 557 (1903). 
6 E. Abderha.lden and P. BergeU, ibid. 39. 9 (1903). 
7 E. Fiscller and P. Bergell, Ber. d. tU1ltsch. chem. On. 86. II. 2592 (1902). 
8 E. Abderhalden, Zeitscnr. f. physWl. Olumt. 87. 484 (1908). 
9 C. Paal, Ber. d. deutsch. che1n. Gu. 27. II. 974 (1894); H. Stendel, ZeitsMT . 

.f. phY8iol. Chem. 34. 353 (1901); E. Fischer and A. Skit&, ibid. 35. 221 (1902). 
10 M. Siegfried, ibid. 48. 68 (1901). 
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of esters, after the last ether-extraction. An accurate investigation 
of the individual fractions shows that special attention has to be 
paid to the higher fractions.' 1 The formation of leucinimide proves 
further that secondary reactions are also taking place. E. Fischer and 
Abderhalden 2 estimllte the loss of amino-acids as amounting to 33 
per cent when thl~ ester-method is l1sed~ but the loss varies greatly 
with each individual amino-acid. 

Alethods j(Yf' Preparing and Estimati11g Dia:mino Acids 

A more detailed account than that given here will be found in the 
paper by Schulze awl \Yinterstein. 3 

The methods for estimating the hex one-bases : lysin, arginin, and 
histidin, have been worked out by Kossel and Kutscher.4 After the 
removal of the ammonia by distillation with barium carbonate, () the 
mixture of dissociation· products is treated with an excess 6 of 
silver sulphate, and then saturated with barium hydrate. Histidih 
and arginin are hereby precipitated. They are now dissolved, the 
harium and the sih'er are remoycd, the solution is treated with silver 
nitrate, and barium hydrate is then added very carefully till the 
histidin is precipitated. The latter is no\v purified by precipitation 
with mercuric sulphate dissolved in sulphuric acid according to Kossel 
and Patten. 7 The filtrate after the precipitation of the histidin is 
saturated with barium hydrate, when arginin separates out, which 
then may be converted into the sulphate or nitrate. From the filtrate 
after the fir~t silver precipitate, lysin is precipitated with phospho· 
tungstic acid, and then converted into the picrate. This method has 
the great merit of working qnantitatively, if care be taken. 

The three hexone bases are therefore, along with ammonia, the 
only dissociation-products of albumins, the amounts of which we can 
express in definite percentage figures, instead of having to give 
minimal values, a.s in the case of the mono-amino acids. For this 
reason-the hexane bases have received a great deal of 'attention during 
the last few years, and we are more accurately informed regarding 
their distribution than we are as to that of leuein and tyrosin, although 

I E. Abderhalden, Zeit8chr.f. physiol. Chtm. 37. 493 (1903). 
II E. Fischer and E. Abderhalden, ibid. 36. 268 (1902)_ 
3 E. Schulze and E. Wintet'Stein, Ergelmi8se d. Physiol. 1. I, pp. 37-42 (1902). 
, A. Kossel and F. Kutscher, Zei~hr. f. paysial. Chem. 31. 165 (1900) • 
• j'L !I...t, ibid. 33. 8'7 (1901) . 
• ... ~~ F. Kutscher, Wid. 81. 165 (1900); F. Kntaeber, ihirl. 88, 111 

(1908). '''"''''''~'f I 
' A, K_.i A. J. Patten, ibid. 38. 39 (1903). 

~_i' 
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these mono-amino acids have been known for so long a time, and are so 
readily demonstrated. 

Ale/hod" for other Suhsla.ces 

The methods for the estimation of ammonia, cystin, tryptophane, 
etc., l"ill be discussed when dealing with these substances. 

Enumeration of the Primary Dissociation-Products 
The primary di!3sociation-products have been arranged according 

to the following system. [The numbers before the individual com
pounds correspond to those in the text.] 

A. OPEN-CHAIN AMINO-ACIDS. 

I. (a) mono-amino-mono-carhoxylic acids. 
1. amino-u.cetic C2H5N02. 

2. amino-propionic C;lH.,NO;!. 
mnino-butyric C4H1lN02, 

3. amino·valerianic C;,HllN0'l' 
4. amino-iso-butyl-acetic CfjH

1S
N02, 

(b) mono""<'l.mino-mono-carboxylic-hydroxy acids. 
5. amino-hydroxy-propionic C3H,N03. 

6. amino-tetra-bydroxy-caproic CijH13NOw 
(c) mono-amino-di-carboxylic acids. 

7. amino-succinic C4H7~04. 
8. amino-glutaminic C5H9N04. 

(d) mono-amino~di-carboxylic~h'ydroxy acids. 
9. amino-hydroxy-succinic C4H7N05, 

10. amino-hydroxy-suberic CSH15N05· 

II. (e) diamino-mono-carboxylic acids. 
11. diamino-propionic 
12. diamino-caproic 
13. guanidin-amino-valerianic 
14. histidin 

(f) diamino-roono-carboxylic-hydroxy acids. 
15. diamino-trihydroxy-dodecanoic 

(g) diamino--di-carboxylic acids_ 
16. diamino-glutaric 
17. diamino-adipic 

(h) diamino--di-carboxylic-hydroxyacids. 
18. diamino--di-hydroxy-suberic 
19. diamino-hydroxy--sebacic 
20. caseanic acid (1) 
~1. caseinic acid (I) 

C,H,NO,. 
C6H14N2°2' 
C.H"N,O,. 
C,H9N,O,. 
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B, RING-COMPOUNDS. (See Histidin under No. ]4.) 
(i) pyrrolidin compounds. 

22. n-pyrrolidin-carboxylic acid 
23. hydroxy-pyrrolidin-carboxylic acid 

(k) aromatic amino-acids. 
24. phenyl-amino-propionic 
~5. phenyl-bydroxy-amino-propionic 
2G. indol-amillo-propionic 

C. AI\'IMO:S-IA. 

(1) ammonia. 
2i. ammonia 

D. 'fmo-AMl:_';(O-ACIDR. 

(Iii) diamino----di-thio-di-carboxylic aciel. 
1R. cystin 

C"H"N02· 

C,H"N03• 

CUH llN02• 

C\)HnNOs
Cl1H12N~P~t 

KH3· 

The fol!owiug suhstances haye been definitely shmvn to be primary 
products :-

1. Glycocoll, or Amino-acetic Acid, C,H"N02 

NI1, /0 
H-C-O" 

R OR, 

is normal a-aminG-acetic acid or 'glycin.' Glycocoll is the simplest of 
all amino-acids) and its peculiar property of acting both as a base and 
as an aeid, is t,ypical of all amino-acids, and t.herefore also of the 
albumins (see Chapter Y.). It was discovered by Braconnot1 in gelatine, 
and hy SHideler 2 in the fibroin of silk, while the first quantitive deter
minations for gelatine 3 and silk" were made by E. Fischer. Later 
Spiro (> and E. Fischer 6 and Abderhalden 7 have found it also in serum
globulin, fibrin, edestin, and in horn. Spiro converted glycocoll into 
hippuric acid, while E. Fischer, in preparing it, made use of the insolu
bility 01 the glycocoll-etbyl-ester hydrochloride. Glycocoll can be deter
mined quantitatively more accurately than any other mono-amino acid. 
In most pl'oteids it is absent altogether, a fact of special interest as 

1 H. Brll.COllllOt, Ann. de Chi'llh et de Phyriq?U (Gay.Lussac and Arago),13. 113 
(1820). 

2 G. Stiideler, Liebig's Ann. Ill. 12 (1859). 
II E. Fischer, Zdi.8mr.j. physiol. Chem. 35. 229 (1902); E. Fischer, P. A. Levene, 

And R. H. Aders, wid. 35. 70 (1902). 
4 E. Fiscber an{l A. Skita, ibid. 33. 177 (1901). 
8 K. Spiro, ibid. 28. 174 (1899). 
$ &. Fiac1itJr, and T. DorpinghaUJ, 17Jid. 36. 462 (1902). 
1 Bi.' ',~'" rden. ibid. 37. 499 (1903); E. Abderhalden and W. FaItH, Wid. 

89. 148 (190$ 
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glycocoll, according to Pick 1 and E. Fischer and Ahderhaldoll,2 is only 
contained in the 'anti-group' of albumins (sec below). The occurrence 
of glycocoll in globin (asserted by Spiro,3 denied hy Abderhalden 4) and 
in silk glue 5 is questionable. Glycocoll, as already mentioned, is also 
called glycin, and its derivatives, such as glycylglycill Ii and others, 
having become of the greatest importance for investigations bearing 011 

the constitution of albumills. are dealt ,"",ith morc fully on pp. 115-137. 
On being oxidised with manganese dioxide and sulphuric acid jt gives 
rise to prussic acid as first observed by Liebig in 1849.' Quite recently 
this question has been thoroughly investigated by Aders Plimmer 
(sec p. 86). 

The physiology of glycocoll ~ diseussed on p. lOH. 
2. Alanin, or Amino-propionic Acid, C"H,XO, 

H_~~~..'....C/O 
H H 'OH, 

is a-amino - prOpiOIJic acid. It used to be helieved that alanill was 
only present in some albuminoids, a$, e.g., in the fibroin of silk,S but 
E. Fischer 0 has shown it to be widely distributed, and he attributes 
its former non-discovery to its great solubility. The aromatic deriva
tives of alanin, namely, phenylalanin, and especially tYl'osin or 
oxyphenyl-amino-propionic acid, have been known for a long time, and 
the mother substance of the indol radical of albumins is also an 
alanin derivative. Serin and cystin are other alanin derivatives. 

The alanin occurring in proteids is d_alanin.10 Its specific rotation 
in strong hydrochloric acid, according to E. Fischer,10 is 

aj'J= + 9-68. 

By treatment with nitrolls acid it is converted into d~la~tic acid,11 

1 E. P. Pick, Ze:itschr. f. physiol. (}hem. 28. 219 (1899). 
11 E. Fischer anll E. Abderhalden, ibid. 89. 81 (HI03). 
8 K. Spiro, ibid. 28. 174 (1899). ' E . ..AWerllalden. ibid. 37. 484 (11103). 
5 E. Fischer and A. Skita, ihid. 35. 221 (1902). 
6 Fischer and Fourneau have given the term glycyl to the radical NIL,' en,! . co, 

glydn or glycocoll beU;g NH2 • CRJ • CODE. • 
7 J. Liebig, Ann. OMm. Pkarm. 120,311 (1849). 
11Th. Weyl, Re".. Ii. deulsch. chern. Gu. 21. II. 1407 and 1529 (1888). 
9 E. Fischer, Zeitsch1'. j. physwl. CIu'/m. 33. 151 (1901); see also tables, pp. 70 

to 75, and the other quoted papers by Fischer aIld his pupils, p. 2(1. 
10 E. Fischel', Ber. d. !kutsch. chem. Gu. 32. II. 2451 (1899); E. Fisoher, P. A. 

Levene, and R. H. Aders:. Zeitsch1'. j. physiol. Ohe1n. 35. 7(1 (1902). 
11 Lactic acid ()Ccurs in the form ot the two isomers : 

a-oxy_propionic acid or CHs-CHOB-COOR 
p~oxy-propionic acid or CHIl {OB'-CB2~COOH. 

I'he a·oxy-pJ'Opiotric acid, if formed by ordinary fermentation, is racemised, ie. it 
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CH, . CH(OH) . COOR, which is identical with the sarcolactic .cid 
found in muscle during rigor m.ortis and also in the living organism,l 
As carbohydrates readily pass into lactic acid, alanin acts also as a 
connecting link with these. 2 (See also p. 108, nnder Physiological 
siderations. ) 

Amino-butyric Acid, C,H,NO, 

II H NH, /0 
H-C-C-C-O" 

H H H OH, 

is, according to Schiitzenool'ger, in all probabiljty also a primary dis
sociation-product, hut it has not been included here, as there is still 
some doubt (see p. 83). 

3. Amino-valerianic Acid, C,.HllNOz 

H H H NH, /0 

H-~-~-~-~-C "OH. 

It was first found by E. ~cbulze 3 in germinating plants, and later by 
Kossel 4 in the protamin clupein, which is prepared from the milt of 
herrings. ]~. Fischer has been ahle to demonstrate its .presence also 
in casein/J horn,6 and gelatine,7 while in aU probability it also occUrs 
in fibroin band zeinY As this amino-acid greatly resembles lencin in 
its properties, it is very difficult to demonstrate its existence in the 
presence of Ieucin, a.s the lattel' is met with always in much larger 
quantities. E. Fischer for this reason ha.s not as yet been able to obtain 
it in such purity as to he able to characterise it more definitely and to 
identify it with one of the different amino-valerianie acids prepared by 
him and Slimmer_1O He believes it to be, however, «-amino-valerianic 

i$ optically in.active, being eOllll1Osed of dextro· and loovo·rotatory lactic acids, while the 
lactic acid found in llletl.t il:.' dextro-rotatory, and has boon called sarcolactic acid by 
Liellig. 'rhi!; a.-oxy.propiouic acid, when oxidised yields acetic acid and carbonic acid. 

Tl!e p-olCy.propi'nic ucid contains no asymmetric carbon atom, and is thererore 
optically inert. 011 oxidation it yields oxalic acid and ca':"uouic Rcili. 

l E. l~iscber aod A. Skita, ibid. 83. 177 (H~(}l). 
2 E. Fis<'her aud Ahderhalden, ibid. 36.268 (1902). 
II E. &hlllze, Zeitsckr.,/. pkl/siol. OMin. 17. 193 (1892), 28. 465 {l899j. 
~ A, Kossel, ibid. 26. 588 (1899), 
.5 E. Fischer, ibid. 33. ]b] (]901). 
j! E. Fi!;Cher and '1'. Dorpinghans, ibid. 86.462 (19;)2). 
"I a. Fischer. P. A. Lefene, and R. H. Ader ... ibid. 85. 70 (1902). 

181 ~~ antl A. Skita, ibid. 33. 177 (l90!) . 
• :r,_~n. Wi". 87. 508 (1003) . 
.. ' lti'iif;' If tm", iJe>o. d. ""ods<h. dtem. G<S. 85. I. 'O~ (1902). 
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acid. It has been examined more carefully by Schulze and Winter
stein,I It is soluble in 11 parts of water, forms a readily soluble 
copper salt, which, according to E. Fischer,2 has a great tendency to 
crystallise out with the leucin copper salt. It is dextra-rotatory,1 

Un = + 27'9. 

As guanidin-amino"'alerianic acid, or arginin, is a constant dissocia
tion-product of all albumins (see below), one might believe that a.mino
valerianic acid is obtained by the disintegration of arginin. This, how
ever, is impossible as it is derived from an iso-valerianic acid, while 
arginin possesses a straight carbon chain. The amounts of arginin which 
can be obtained under varying conditions from the same albumin also 
correspond so closely, that we have to exclude the occasional further 
disintegration of arginin into amiuo-valerianic·acid. 3 The reason that 
this acid was not discovered sooner and more frequently, E. }i'ischer 2 

attributes to the great difficulties connected with its isolation. Schulze 
and ·Winterstein 1 recommend for its preparation germinating plants 
of Lupinus luleus and Lupinus aibUB two to three weeks old, as they 
contain relatively small amouuts of leucin. A 3-amino-valerianic 
acid, which H. Salkowski 4 found once during putrefaction of gelatine, 
is a secondary dissociation-product, and must not be confounded with 
the a-Mid under consideration. 

4 (a). Leucin, C6H1SN02, is not amino - uonnal- caproic acid, 
CH,. (CH,),CH(NH2). COOH, but isobutyl.«-lImino·acetic aciJ 

H,C,,~_rci!~2_c/O 
H,C/ H H "OH. 

As already mentioned, it is, along with glycocoll, tbe oldest and, 
along with tyrosin, the best known of all the dissociation-products 
of albumins_ 'Vith the exception of the protamins, it has been found 
up till now in everyone of the albumins whenever it was looked for. 
But whether this great distribution is chamcteristic of leucin is some~ 
what doubtful, especially if we consider that up to the time of 
Drechsel, Kossel, and E. Fischer, the only readily demonstrable 
dissociation - products were lencin, tyrosin, and perhaps glutaminic 
and aspartic acids_ We know already that the hexane-bases have 
a wider distribution than has leucin, and Fischer has found in every 

1 E. Schulze and E. Wintersteiu, Zeitse1!r./. p1qJItioL Ckool" 85. 299 (1902)_ 
2 E. Fischer, Wid. 38. 151 (1901). 
$ A. Kassel and F. Kutscher, ibid. 31. 165 (1900). 
"' B. Salkowski, &T. d. dfJtttri. chem_ Gets, 16. I. 1191 and 16. II. 1802 (1888), . 

31. II. 776 (lS9~). 
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one of the albumins he examined the substances alan in, phenylalanin, 
u+pyrrolidin·carboxylic acid, glutaminic and aspartic acids. As re~ 

gards quantity, however, in most albumins leucin exceeds by far the 
other dissociation-products. 1 The older figures of Cohn,2 Proscher,3 
and Erlenmeyer nlid Schoffer,4 who found about 40 per cent of leucin 
in casein, globin, and elastin, are certainly too high, for they based 
their figureR on the ' i{ohfraction,' of which lcucin only fonns a part. 
From such an impure product E. Fischer;' obtained by means of the 
ester method only about one~third of pure leucin, and he goes fully 
into the diffi('ulties he experienced in separating, hy means of re
crystallisation,!> lencill from other closely-related amino-acids, such as 
amino-valeria-nlc aCld_ 11.ost of tbe leucin ohtained from alhumin is 
sald to he contaminated with a substance containing nitrogen and 
sulphllr.1 But even pure leucin, the preparation of which is accompanied 
by great loss, makes out It very large portion of the dissociation-pro
ducts. Abderhalden foand in globin 8 30 per cent, in sernm albumin!) 
20 per cent, in edestin 1{1 20'9 per cent, all these figures representing 
minimal values, as explained above when descrihing the ester method. 

As was pointed out abo"e, lencin is a-amino-isobutyl-acetic 
acid,ll and therefore contains a branched carbon chain. This fact 
distinguishes It sharply from lysin, the diamino-normal-caproic acid. 

According to E. Fiscber,I21eucin obtained from albumins is [-leucin, 
as in watery solutions it is lrevo-rotatory; in acid or alkaline solutions 
it is, however! dextra-rotatory. According to E. Schulze and Winter¥ 
stein,13 in hydrochloric acid of 24 per cent strength 

ttn = + 18'9. 

Leucin is soluble in 46 parts of water.l-l 
K Fischer 12 has examined d, l, and J'-leucin, as well as a series of 

1 l:_'1lr.. 'l)l_e_'Y'.B.r,ltinu.SJ>J\ 11JIllP.:r wntamiw_lIJ.!.iJJ..., 1}--.3!i~ 
~ R. Cohn. Zeitschr.f. ph.JjI;iol. C"('1II. 22. 153 (1896), 26. 395 (1899). 
j F. Prllilcher, ibid. 27. 114 (1899). 
4 Erlenmeyer Q.nd A. Schoffer, Jot{1'1t. J.t-waH. (Jhem. (1) SO. 357 (1860). 
5 E. Fischer, Bel'. d. deutsch. che'm. ars. 34. I. 433 [po 446J (1901). 
6 E. I<1I;1cher, ibid. 34. 1. 433 [po 446] (1901); and ibid. 33. J!. 23iO 

(1900). 
7 E. Fi!lcher, ibid. 83. II. 23iO (1900). 
tI E. Abdm-balden, Zeitschi" f. phy&iol. Chem,. 37. 484 (1~(l3}. 
D E. Abderhalrlell, ibid. 37. 495 (1908). 

]0 E. Abderhalden, ibid. 37. 4'99 (1903). 
11 E. Schulze and Likiernik, ibid. 17. 513 (1893); B. Gmelin, ibid. 18. ?'l 

(1893). 
\2 Eo Flacher, lkr. d. tkrt,f,sch. diem. Ges. 33. II. 2370 (1900). 
13 E. Scbubr.e and E. Winterstein. Zeitschr. f. physiol. Olurm. 35. 299 (1902). 
" B. Gmell ... ~ 18. 21 (1893). 

I ,.,:'~, , 
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their derivatives, and converted them into one another. Active lancin is 
very readily raeemised, I and E. Fischer has therefore recommended to 
convert all the leucin straight away into the racemised variety, 
especially as the raceme-compounds. are less soluble. Tho melting
point of all three lencins is 293.295; they undergo decomposition on 
melting. Leucin-imidc (see below) is a derivative of lencin. 

4 (b). Iso-Ieucin, C6H,3NO, is probably ~ /3.amino·caproic acid. 
This naturally occurring isomer of leudn ha.s been discovered hy 

Felix Ehrlich.'2 'Vhile leuein in water is lrevo-rotatory, iso-Ieudn in 
watery, acid, and alkaline solutions is dextro-rotatory j in 20 per cent 
HOI compared with lencin, it is twice as strongly dextro-rotatory than 
in leucin, iso-Ieucin shows the following a.mounts of rotation, in 

[ali? 
water 20 p.c, HCl 

+ 36'80 

in alkaline solution 

+ 11'! 

ISfr.lellcin is very widely distrihuted throughout the animal and 
vegetable kingdom, occurring everywhere where leucin is found, e.g. 
in blood fibrin and in molasses. It has a bitter taste, and is therefore 
not an a-amina-acid; it forms a well-defined compound with phenyl
hydantoin, and must therefore be a j3-amino-acid, as phenylhydantoin 
only reacts with a and f3 acids. 

Iso-Ieucin can only be separated from leucin by conversion into a 
coppersalt as fully explained by F. Ehrlich. 

Cohnheim believes that leucin probably dolO'S not stand in direct 
relationship to the carbo-hydrates as held by Kossel,3 Fr. Muller,4 
and E. Fischer,5 and this view is shared by Halsey.6 

Leucin-imide, C12H"N,O, 

/NH-CO" 
C,H,. CH CH. C,H", 

"CO-NH/ 

may be a primary product, but as there is some doubt it has 
descl'i~d amongst the secondary dissociation products on p. 85. 

5 .. Serin, CaH7NQ8t is a-aminO-{3-hydroxy-propionic acid. 

HNE. 0 
HO-C-C-c( 

H H OH, 

1 E. Fischel', Rer. d. d8uiam. cMm. Ges. 33. II. 2370 (19(10). 
11 Felix Ehdicll, ibid. 37. 1809 (1904). 3 A. Kosael, ibid. 25. ]65 (1898) . 
.. Fr.::MUller, Zeitschr.J. Biolog.42. 468 (1901) • 
• E. FiJlcher and E. Abderhalden, ZeiJ8dL!. f. pltysWl. OAem. 36. 268 (1902) • 
• J. T. Halsey, Amer. Jour-n. oj Physiol.J.O. 229 (lOOt). 

D 

been 
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Serin was discovered by Cramer 1 amongst the dissociation-products 
of silk, and hence its name. E. Fischer 2 first demonstrated its wide 
occurrence and also determined its composition. 3 Up till now it has 
not been missed in any albumin, although generally it is only present 
in small quantities, a circumstance which is partly due to the great 
difficulty of its preparation. 4 Serin OCC11rs also in gelatine to the extent 
of, at least, 0-4 per cent. 5 "\Yhile iso-serin is j3-amino-a-oxypropionic 
acid, serin is a-amino-,B-oxypropionic acid, and is therefore closely 
related to cystein, which is thio-serin. 6 A ready means of s>ynthetising 
serin has been found by Erlenmeyer,7 and Fischer and Leueha.s 

Ellinger has also converted diamino-propionic acid into iso-serin.9 

In watery solutions it does not rotate. 3 It tastes sweet. lO E. 
Fischer 2 emphasises how important it is to find also in serin, i.e. 
amongst the simple amino-acids, an oxy-amino acid. He suspects some 
relationship to the carbohydrates, inasmuch as he regards glucosamin 
as a link bet\veen the hexoses and the oxy-amino acids. ll 

6. Amino-tetrahydroxy-caproic Acid, C,H'SNO, 

H_?(~~~~~_00~~c/O 
H H H H H "OH. 

This acid has been isolated by N euberg and Orgler from cartilage lZ 

(see later). They have also synthetised it. 
7. Aspartic Acid, C,H,NO, 

0, H NH, /0 
/C-C-C-C" 

HO H H OH, 

is amino-succinic acid, 01' the Aminobernsteinsaure of the Germans. 
It was first discovered and estimated quantitatively by von Ritt.hausen,13 
who dissociated vegetable albumins with sulphuric acid. By means of 

I R Cramer, Jvurn. f. praki. Chelil. [1] 96. 76 (1865). 
2 E. Fi~cher aw\ A, Skitll., Ze[fscl!r. /. ph!lsiol. Chem. 35. 221 (1902). 
~ E. Fischer and_ H. Leuchs, Ea. d. deutsch. rkern. Ges.35. III. 3787 (1902). 
4 E. Fisl.'her aud T. Dorpillghaus, ZeitscliT. f. pkysiol. Chem. 36. 462 (HI02); E. 

Fjscher, ihid. 39. 155 (1903), 
~ E. Fischer and E. Ahderhaldell, l~id. 32, 540 (1904). 
6 E. FriedmlIllu, Hqflnmter's Beitr. 3. 1 (1902). 
7 E. Erlenmeyer, juu., Ber. d. defl.t$ch. chem. 01'8. 36. III. 3769 (1902). 
8 E. Fischer lInd H. Leuclls, £bid. p. 3700. 9 A. Ellinger, ibid. 37. 335 (1904). 

l{l E. Fiseber, ibid. 35. III. 2660 (1902). 
11 E. Fischer and H. Leltchs, ibid. 3t); I. 24 (1903). 
12 Nt'uberg and Orgler. ZeitscJlJ'r . .1: physi;_,[. ChnT<. 37. 407 (l904). 
~ :S. Bittlu"wsell, .'man.;: prakt. Chem. (1) 106. 445 (1869) ; H. Ritthausen and 

U. ~~)~. (2) 3. 314 (18711. 
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the same method Kreusler 1 obtained it from casein, egg-white, and the 
vitelline prepared from yolk; Hlasiwetz and Hahermann 2 employed 
hydrochloric acid for its preparation from casein. Salkowski and 
Radziejewski 1:1 got it by the tryptic digestion of fibrin, and E. Schulze 
found it to represent one of the chief dissociation-products of many 
germinating seeds (Tables, pp. 70-75). E. Fischer and his pupils have 
obtained it from all albumins hitherto eXltmined, except from fibroin, 
but it is present everywhere only in very small (lUantities. According 
to E. Fischer, <} the acid occurring in albnmins is l-aspartic acid. It is 
feebly lrevo-rotatory in watery and alkaline solutions, while in strong 
hydrochloric acid it is dextra-rotatory: 

aD = + 25-7. 

Aspartic acid has not a sweet, but a strongly acid tastc.1:i 
8. Glutaminic Acid, O,H,NO, 

0, H H NII, /0 
0-0-0-0-0,-

IIO/ II II II '01I, 

is a-amino-normal-glutaric acid, or a-Amino-normal-brenzweinsam'e of 
the Germans. This acid, also, was discovered by Ritthausen 6 in 
vegetable albumins, and subsequently by Hlasiwetz and Habermann Z 

on dissociating casein with hydrochloric acid j by Knieril'ID 7 and 
Kutscher 8 in tryptic digests of fibroin and in the albumins of the 
pancreas. Later Kutscher 9 and E. Fischer demonstrated the vcry 
wide distribution of this substance. 'Vith the exception of the 
protamins and of silk, glutaminic acid can be demonstrated in consider
able quantities in all albumins. Osborne and Harris 10 on hydrolysing 
the alcohol-soluble wheat albumin gliadin with sulphuric acid obtained 
25 per cent, and with hydrochloric acid an average minimal a.mount 
of 36 per cent of glutaminic acid. This is, so far, the record amount 
of anyone amino-acid in a given albumin. Langstein 11 has demon-

t W. Kreusler, Journ./. prakt. Ckem. (1) 107. 240 (1869). 
2 HIlISiwetz and J. Habermann, Liebig's Annalen, 169. 150 (1873). 
3 E. Salkowski and J. Radziejewski, B&'. d. deutsch. ekem. (leB. 7. II. 1050 (1874). 
4 E. Fischer, ibid. 32. II. 2451 (1899). II E. Fischer, ibid. 35. III. 2660 (1902). 
11 H. Ritthausen, J&1trn. f. prakt. CMm. (1) 106. 445 (1869); H. Ritthausen and 

U. KretlHler, ibid. (2) 3. 314 (1871); H. Ritthausen, Die Getreidearlen usw., Bonn, 
M. Cohen and Co. (1872). 

7 Knieriem, Zei'.tschr.j. Biolog. 11. 199 (1875). 
s F. Kutscher, Die Endprodukte der Trypsinverdauun{/, Marburger Habilitations-

schrlft, Strasburg, 'l'rtibner, 1899. 
9 F. Kutsch.l.lr, Zeittrehr./. pky!Ji.ol. O/Mm. 88. 111 (1903\ .. 

10 T. B. Osborne and I. F. Harris, Amer. Jowrn. of PhyBiol. 13.35 (1905). 
U L. Langstein, ZritBckr.j.pkllBiol.og. Ohem. 37. 508 (1903). 
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strated in zein 12 per cent. Glutaminic acid and leucin are thUs the 
most abundant mono-amino acids. As to the occurrence of glutamins 
in plants, sec p. 105. According to E. Fischer,l the naturally occur
ring a.cid is d-glutarninic acid. In hydrochloric acid solutions 

aD =: + 30'45. 

Glutaminic acid does not ta.ste sweet but stale, and only slightly acid, 
A minute description of glutaminic acid, its salts and crystals, is given 
by Habermann. 2 

9. Amino-hydroxy-succinic Acid, C,H,lW, 

0, OIINH, /0 
/C-C-C-C" 

HO II II OB. 

It was isolat,ed by Skraup:) as one of the prodncts of casein-hydrolysis 
resulting from the action of hydrochloric acid. 

It has been synthetised by Neuberg and SilbermUll1l. 4 

10. Amino-hydroxy;suberic Acid, CSH15NO, 

0, on H H H I! NIl, /0 

IIo/ C-?r-~-~-~-~-~-C'OH. 
It is It derivative of octandoic acid COOH[CH21/':OOH, whidl is 
called suberic acid in England and Korksaurc by the" Germans. Tile 
amino-oxy-suberic acid was discovered by l\'ohlgemuth on hydro
lysittg liver-proteid_[' 

Diamino-acetic Acid, C,H,N,O, 

NH, /0 
NH,-C-C" 

H OH, 

according to 'Villstiitter 6 and S6rensen,7 is not a. normal dissociation
product. 

11. Diamino-propionic Acid, C3HSNO, 
H NI!, /0 

NH,'C-C-C, 
H HOI!, 

is, according to Paul Mayer,S the siInpl~st diamino-acid occurring in 

I E. Fischer, Be,.. d. deutach-. dum. (}.es. 32. II. 2451 (1899). 
2 J. Hllbel'lnaIln, L1~bifl'8 Ann. 179. 248 {l875). 
<l Zl1. H. Skraup, Sitzh. Akad. d. Wiss. Wien, 113. n.b p. 263 (1904). 
" C. Neuberg and M. SHb(lrmann,·Zeitsckr.j. phf/siol. Chem.. 44. H7 (1905). 

J. Wohlgemuth, Ber. d. detdsch. cMm. Gu. 87· 4362 (1904). 
R. Willstatte" ibid. 35. n. 1378 (1902). 
t"!. J". Sarenseu. 0. ,.. ~ traV4UZ an Laboratoi'J:4 de ~ 8. 1 {19D8). 
!iiiii j,v.,.. Zei'_.!.phyBia. a-. 42. 59 (lJI04, 
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the body. It is relatod chemicaUy to a whole series of physiologicaUy 
very important substances: 1_ 

CH, . NH,-CH . NH2-COOH Diamino-propionio acid 
CH,· OH -CH . NH,-COOH Serin 
CH,·OH -CH· on -COOH Glyceric acid 
CHs -CH . NH,-COOH Alanin 
CH, -CH ·OH -COOH Lactic acid 
CH, . NH2-CH . SH -COOH Stone-cystoin 
CH2 • SH -CH· NH,-COOH Protein-cystoin 

Diamino-propionic acid is of special interest in connection with trypto
phane (see p. 51) and with the formation of carbohydrates out of 
proteids (see below, under the heading of "Physiological Considera
tions," p. 164). 

The conversion of diamino-propionic acid into iso-scrin has been 
accomplished by Ellinger:! and by Neuberg and Silbermann.1 

As Neuberg and Reimann have previously prepared d-glyceric 
acid hy the action of lime on d-glycuronic acid, the formulre for 
d-glycuronic acid and d-glyceric acid may resemble one another in 
their confib'1lration. Thie conclusion N euberg and Silbermann thought 
it best not to draw because of the complexity of the question: s_ 

OH n OH OH OH 
CHO-C-C-C-C-COOH CH,OH-C-COOH 

H OH H H H 
d-glycuronic acid. d-glyceric acid. 

12. Lysin, CoH"N,02 
H H H H NH, /0 

NH,-C-C-C-C-C-C, _ 
H H H H H 'OH, 

a-, E-diamino-normal-caproic acid. It was th" first base which 
rechse1 4 discovered in casein. Later on Siegfried,6 E. Schulze,6 
osse1,1 Kutscher,S and Abderhalden I) showed that it is one of the 

1 C. Neuberg and M. Silbermann, &:1'. d. deutsch. eMm. Ges. 37. 341 (1904). 
II Alex. Ellinger, ibid. 87. 335 (1904).' 
3 E. Friedmann, Cent1'albl.j. PhysWl. 18. No.3, p. 67 (1904) • 
• E. Drechsel, Arch. /. (Anal. u.) PhysWl. 1891, p. 248. 
& M. Siegfried, Be:r. d. dlmtsch. Mem. Ges. 24. I. 418 (1891). See also Zeitschr. f. 
,.wl. 0_. -lB. ~63 (1905). 
e E. Schulze and E. Winterstein, Wid. 28. !59 (1899), 83.547 {1901). 
7 A. Kosse}, ibid. 28. 586 (1899); A. Kosse! a.nd F. Kutscher, Wid. 31. 165 (1900); 
lAwrow, ibiJ". 28. 388 (1899); E. Hart, ibid. 33. 347 (1901); A. Kossel, Ber. d. 

uw.. "..",. Gu. 34. III. 3214 (1901). 
, F. K.,,",h.,., Z<iUd<r. f. phy.ux. 0Mm. 25. 195 (1898), 26. 110 (l898); IJi< 
~pmdukte tier TrypM~ung, M8.l"burger HabilitatioMsebrift (1899) • 
• Eo Abdorholdon, Z_r. f. pkyaiel. """'". 37. &84, ,9., '99 (lWa). 
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most widely~distributed disintegm,tion-prodllcts of albumin. It is 
only absent in a few vegetable albumins,1 and in some protamins.2 

(Compare tables on pp. 70-75.) 
Lysin is, according to Ellinger 3 and E. Fischer,4 a-E-diamino

caproic acid. It is dextra-rotatory, and is converted, as are all other 
amino-acids, into an inactive form on being heated under pressure 
with harium hydrate.:; It is, according to Ellinger, the mother
substance of pentamethylcne-diamin or cadavcrin: NH2(CH2)o~!I2' 
A fuller description of its properties is given by Kossel,6 V{illdenow,' 
amI Schulze and \Yinterstein.8 For its isolation Kosse1 9 makes use 
of the insolubility of the picrate, and for its identification Herzog 10 

prepares the phenylhydantoin having a melting-point of 183-184 Cl
, as 

this compound results from the union of lysin with phenyl-isocyanate. 
Amongst readily accessible albumins, lysin is found in greatest 

quantities in cllsein and in gelatine. According to Henderson,ll 
Kutscher, and Steudel,12 the nitrogen-determination by Kjeldahl's 
method does not always give correct values, probably because a part 
of the nitrogen is converted into hydrocyanic acid, as has been 
observed by Zickgraf 13 on oxidising lysin with barium permanganate, 

Diamino-valerianic Acid, or Ornithin l is 4iscussed under 
Argiuin on p. 40. 

13. Arginin, C,H14N,O, 

Nfl, Nfl, 
I H H H I ° 

NH=C-N-C-C-C-C-C( 
H H H H H OH, 

is guanidin-a.-amino-normal-valerianic acid. 
Guanidin has the formula NH : C (NH2),. 

Besides lysin Drechsel 14 prepared from casein a second basel the 

1 A. Kossel and F. Kutscher. ibid. 31. 165 (1900), 
2 A. Kossel and F. Kutscher, ihid. 31. 165 (1900); A, Kossel, ib-id. 26. 588 (1899), 
S A, Ellinger, Ber. d. de1.~tsch. chern. Ges. 32. III. 3544 (1899); Zeitschr. f. 

phildol. Chan. 29. 334 (1900). 
4 E. Fischer and F. Weigert, ner. d. deutsch. chem, Gu. 35. III. 3772 (1902). 
Ii M. Siegfried, &r. d. deutsch, chent. GC6. 24. I. 418 (1891), See also Zeitsclvr.j. 

physial. Che-Tn. 43.363 (1905), 
6 A. Kassel, ibid. 26. 586 (1899). 7 01. Willdenow, ibid. 25, 523 (1898), 
8 E, Schulze andlE. Winterswin, 'Ergebnisse der Physiologie,' r. wid. p. 57 (1902). 
II A. Kossel, Zeitschr. /. physiol. ahem. 26. 586 (1899); A. Kossel and F, Kutscher, 

Wid. 81. 165 (1900). 
10 R. O. Herzog, ibid. 84. 525 (1902). 11 Y. Ifel1deI'Son, ibid. 29. 320 (1900~. 

f 12 F. ,Kl!tscher and H, Steudel, Wid. 39. 12 (1903). 

u. m' Be)'. d. deutsch. Ghem. Ges. 35. III. 3401 (1902). 
14 lt el Sitmllltg&iJer. d. &chs. Ges. d. Wis8dn8i:1., math.-nat. Kl. 1889, 1890; 

AM. f,.. . •. ) PkVsiot. 1891. p. 248 • .. 
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lysatinin. Later Hedin 1 prepared from horn arginiu, which had 
previously been discovered by E. Schulze 2 in germinating lupine, and 
showed that lysatinin is only a mixture of arf.,rinin and lysin,S Since 
then, through the researches of E. Schulze,4 and especially Kosse1 5 and 
his pllpils,6 arginin has been shown to be the most widely distributed 
dissociation-product of albumin. An albumin, not containing argiuiu, 
is unknown. Salmin,7 the prot.'lmin of the spermatic fluid of the 
salmon, and sturin, the protamin out of the spermatic fluid of the 
sturgeon, contain arginin to the extent of 80 per cent. In other 
protamins arginin is in excess of all other diamino-acids, and is very 
abundant also in the histones and some v~getable albumins, but in all 
other albumins it is quantitatively much less abWldant than are the 
mono-amino acids_ (See tables on pp. 70-75; and also p. 201.) 
Kassel's view that al'ginin is the nucleus of the albumin molecule is 
discussed on p. 154. As protamins are not readily accessible, edestin 
and thymus-histone may be recommended especially for the pre~ 

paration of arginin. Schulze and \Vinterstein 8 recommend also 
germinating plants of LupinuB lutcus. How to obtain arginin hy 
Kassel's 9 method has already been described on p. 26. The properties 
of arginin and its salts is fully described in the Ergebnisse der 
Physiologie, I. i., p. 46 (1902) by Schulze and '\Yinterstein. 

Arginin, according to E. Schulze,lO Ellinger,11 Kutscher,12 and 
E. Fischer,13 has this structure-

1 S. G. Hedin, Zeitschr. j. physiol. Chcm. 20. 186 (1894), 21. 155 and 247 
(1895). 

II R Schulze, Ber. d. deutsch. chem. Gu. 19. I. Hi7 (1886); Zeitschr. f phJ/8Wl. 
Chem. 11. 43 (1886). 

S S. G. Hedin, 1·bid. 21. 297 (1895). 
~ E. Schulze, ihid. 24. 2i6 (1897), 25. 360 (1898); E. Schulze and E. Winter

stein, iljid. 28. 459 (1899), 33. 547 (1901). 
~ A. K08sel, ibid. 22. 176 (1896), 25. 165 (1898), 28. 588 (J800); A. Kossel 

and F. Kutscher, 1'hid. 25. 551 (1898); 31. 165 (1900); A. Kossel, Ber. d. deutsch. 
ch.em. Gu. 34. III. 3214 (1901). 

6 F. Kutscher, Zeitschr. j. physi(ll. Chern. 25. 195 (1898), 26. 110 (1898); 
Eltdprodulde der Trypsin'1Jerdanung, Marburger Hal)i1itll.tiollsschrift, 1899; D. Lawrow, 
Zdtschr. j. phyS'iol. Chem. 28.388 (1899); E. Hart, ibid. 33.347 (1901). 

1 A. Kossel, Wid. 26. 588 (1899). 
S E. Schulze and E. Winterstein, ibid. 35. 299 (1902). 
9 A. Kossel and P. Kutscher, 1·bid. 31. 165 (1900). 

10 E. Schulze and E. Winterntein, ibid. 26. 1 (1898); Ber. d. deutseh. cluJm. Gu. 30. 
III. 2879 (1897), 32. IlL 3191 (1899). 

11 A. Ellinger, Zeitsmr. j. phyeiol. Chem. 29. 334 (1900); &1'. d. lkutsch. oht:'ln. 
Gea. 31. III. 3183 (1898). 

12 E. Benech and F. Kutscher, Zeitschr. /. phy6iDt! Chern. 32. 278 (1901) j F. 
Kutseber, ibid.. 82. 413 (1901); and especially F. Kutscher and J. Otori, Wid. 43. 
93 (1904). 

D E. Fischer. Bm-. d. deutsch. chem. Ges. 84. I. 454 (1901). 
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NH 
HN, .2 
NH,/C-NH-CH2-CH2-CH 2-CH-COOH. 

Therefore by a simple splitting both urea and ornithin (see below) 
may be derived from it. Thus boiling with baryta water gives rise 
to urea, because arginin belongs to the same class of bodies as does 
creatinin 01' methyl-guanidin-acetic acid. 

NH 'C: N(CH,)CH,COOH ~ NNHH 22,/CO + NH(CH,)CH,COOH 
NH,/ ' 

Creatin urea + sarcosin. 

On the other hand, oxidation with barium permanganate 1 leads to 
the production of guanidin-butyric acid. and subsequently to that of 
guanidine, imido-urea, or carbamidine, NH : C(NH2)2' and succinic acid, 
COOR. CH2 • CH2 • COOH. The formation of urea from arginin, or, 
as he thought, lysa.tinin, is first mentioned by Drechsel, and later 
Kossel 2 laid stress on the different biological significance of that urea 
which is preformed in arginin, and of that which is formed synthetic. 
ally. That argillin gives rise to urea during ordinary metabolism 
seems to be proved by the discovery of arginase by Kossel and Dakin, 
see p. Ill. 

Ornithin, CH,(NH,). Ca,. CH,. CH(NH,). COOH, or "-o-di
amino-valerianic acid, is of great importance, because E. Schulze and 
E. \Yinterstein 3 have shown that arginin may be regarded as a union 
of guanidin (see above) \vith ornithiIL This latter has been found in 
the urine of birds as dibenzoyl-ornithin or ornithuric acid by .Jaffe," 
and has been synthetically prepared by E. Fischer.5 

A full description of arginin, a number of its salts, and derivatives, 
is given by Gulewitsch j 6 Lawrow 7 describes a benzoyl derivative, and 
Herzog 8 the phenylhydantoin of ornithin. Arginin forms a very 
sGghtly winnIe salt Wltll plcrolonlC aCIQ.~ which may "be employoo. lor 
its isolation. Arginin is dextro-rotatory. In strong hydrochloric acid 
Gulewitsch found 

"DQ + 21·25. 

1 E. Benech fl,nd F. Kutscher, Zeitschr. f. physiol. Chem. 32. 278 (1901); F. 
Kutscher, ibid. 32. 413 (1901) i and especially F. Kuucher And J. Otori, ilrUl. 43. 
93 (1984). g A. Kossel, Br:r. d. deutscA. cAem. Gu. 34. III. 3214 (1901). 

S E. Schulze and E. Winterstein, Wid. 30. III. 2879 (1897); ZeiUclvr./. physWl. 
an.- 26. 1 (1898) . 

• M. Jaff~ B .... "" d. d""w.. """,,; Gu. 10. II. 1925 (1877), 11. I. 4Q6 (18'18). 
• Eo Fi","", Wid. 84. I. '5' (1901). 
:' W. Golo_h, $d""". f. ""y.wl. Ck<m. B7. 178 and 368 (189.). , ».;~" ibid. 28. 585 (1899l. • R. o. B,_, ibid. 34. 525 (1902]. 
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The ornithuric acid, acoording to E. Fiseher, is also dextro-rotatory: 

an == + 7'85. 

On being heated with barium hydrate arginin becomes l"a.cemised 
(see p.91). The two a.rginins differ. from one another as regards 
polarisation, solubility, and shape of crystaP 'Vhy fibrin yields much 
larger quantities of 1'-arginin than do other albumins is not known,l 

The occurrence of inactive arginin has also been observed by 
Cathcart, 2 who subjected fibrin to ~ urotryptic I digestion,S and coagu
lated serum to Hedin's spleen-enzyme: 'lieno-a-prot.ease.' Cathcart 
points out that the optically active arginine complex may become 
racemised through the agency of the enzyme either before or after 
liberation from tbe rest of the proteid molecule, analogolls to the 
partial racemisation of such compounds as atropine and amygdalin 
under the katalytic action of weak alkali, or, that the a.rginin complex 
of the proteid molecule is normally symmetrical and is liberated as 
the inactive form by certain enzymes, while it is converWd into the 
ol)tically active variety by the action of acids during the hydrolysis of 
albuminous substances. 

Seemann's view as to how arginin is linked up in the albumin 
molecule is given on pages 246 and 247, 

The part played by arginin in the meta.bolism of plants has been 
investigated by E. Schulze and N. Castoro.' 

14. Histidin, C6HgNs0 21 was discovered by Kossel a as a dissocia· 
tion·product of sturin, the protamin of the spermatic fluid of the 
sturgeon, and also fouIld by Hedin 6 in casein, egg-white, etc. 
Since then it has been shown by Kossel 7 and his pupils, and by E. 
Schulze,8 to be a widely distributed dissociation-product. Except in 
a few protamins, histidin has been found in an albumins hitherto 
investigated. It is most abundant in globin, the albumin of hremo
globin. It was first prepared by Kossel,9 and again recently by 
Frankel,IO who used mercuric chloride as the precipitating agent; later 

1 F. Kutscher, Zeitsr:ivr.f, physiol. (]hem. 28. 88 (1899); 32. 476 (1901). 
\I E. P. Cathell-rt, Journ. of Pkysiol. 32. Proceedings XV.; also p. 800 and Pro

ceedings XXXIX. (1905) • 
• Urotrypsin is that proteolytie enzyme found in urine which digests in AU alkaline 

medium. See Cathcart's paper in Balkowski's Festschrift (1904). 
" E. SchuIztl and N. Castoro, Zeitachr. j. pkllsiol. (Jhem. 43. 170 (1904). 
II A. Kossel, Wid. 22. 176 (1896) • 
• S. O. Hedin, ibid.:l2. 191 (1896). 
1 'Bee above under Arginin. 
I' S. Mnkel, Sitwng8ber. d. Akad. d. Wi.1sensck. in Wkn, matMm.·naturw. Kl. 

U3. Ab~ 11.' _ 190$. 
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Kossel l described thr method given above, namely, that of precipi
tating it with silver sulphate and barium hydrate, and then purifying 
it with mercuric sulphate. 

The constitution of histidin has been studied hy Herzog,2 
Frankel,s Pauly,4 and Knoop and \Yiudaus.s Histidin possesses two 
hydrogen atoms replaceable by metals, one of which is in a carboxyl 
group, COOH, and the second attached to an imide radical, NH j it 
contains neither methoxyl nor methyl joined to nitrogen, nor a 
guanidin remainder; it is optically active, and therefore contains Itn 

asymmetric carbon atom; on being boiled -with alkaline permanganate 
solution it yields hydrocyanic acid, carbonic acid, and ammonia j it 
resists oxidation by means of sulphuric acid + permanganate solution 
(Herzog), and by means of dilute nitric acid (Frankel), and therefore 
it cannot be I.L dihydropyrimidin ring, as held by Frankel (Pauly); 
on being boiled with barium hydrate solution it does not form 
ammonia j it gives a violet biuret-reaction (Herzog) and Ehrlich's 
diazo-reaction (Pauly) (see p. 10 and below); it replaces CO2 from the 
carbonates of silver and copper, and gives off CO2 on being heated 
ahoyo its melting-point, and therefore contains the carboxyl group, 
COOH (Frankel); when acted upon by sodium hypobromite it 
liherates one atomic nitrogen atom, while sodium nitrite replaces 1 
nitrogen by 1 oxygen (Frankel) j on being heated with lime it gives 
rise to ammonia and a substance which gives the pyrrol reaction; 
with ammonia and chlorine water it further. gives 'Veidel's pyrimidin 
reaction. The firmness with which histidin resists oxidation by means 
of sulphuric acid + permanganate shows that two nitrogen atoms must 
be linked up in a ring~like fonn, a fact which led Frankel to believe 
that histirlin was dihydropyrimidin, 

N--CH 
II II 

HCVCH 

NH 
DihydropyIimidin. lruido-azoL 

and Pauly to assume the existence of an imido-azol or glyoxal ring, 
because in snch a ring the hydrogen atom of a CH2 or of all NH.group 
may be replaced by • metal. 

1 A. KOllseI and F. Kutscher, Zeitsr;/tr. J. pky&iol. Ohe1n. 31. 165 (1900) ; A. Koose} 
and A. J. Patten, ibid. 88. 39 (1903). 2 R. O. Herzog, ilYid. 37. 248 (1902). 

13 S. F'_:et. Sitzwngsber. d. Akad. d. Wi88en.sch. in Wien., matMm.~2Ultu'1"W. Kl. 
111...*~~. 14m 1903. " H. Pauly, Zeitschr. f. pkJlsiol. Okem. 42. 508 (1904). 

IS F. K~ tmd A. Windlums, H1f11~'8 Beitrage, 1, 144 (1905). ,.' 
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Pauly gives in support of his vie~ the fact established by Pinner 
and Schwarz 1 that imido-azol derivatives are very susceptible to alkaline 
oxidising agents, while they resist acid oxidising media. The property 
possessed by the imide-group, of acting as a wf'ak base as well as R 

weak acid, explains also its power of forming coloured compounds with 
diazonium sa;lts, as do, e.g. cyclopentadien, pyrrol, and imido-tlwl. 

HO-OR HO-OR N-GH 
II II II II Ii I, 

HOVOH HOVCR HOVCH 

OH, NH NH 
Cyc1opentadien. Pyrrol. Imido-azul. 

A solution of histidin in sodium carbonate gives with diazobenzene 
sulpha.nilic acid, in acid solutions, a pure orange, and in alkaline solu
tions a deep cherry-red colour. As no other tissue constituent gives 
this reaction, apart from tyrosin, the pre.'3ence of histidin may alwltys 
be rtladily ascertained in mixtures of alhllminous dissociation· products 
and also in the native albumins, whenever by Millon's reaction the 
absence of tyrosin has been ascertained (see p. 10). 

Pauly, taking into account the close relationship of arginin and 
histidin, gave, provisionally, the following formula for histidin:-

CH-N) 
II OH 
C-HN 
I 
OH2 

I 
OH.NH, 

600H 
Histidin. 

OH2-NH" 
I "O-NH, 
eH liN" 

~H2 
I ' 
CH.NH2 

I 
OOOH 

Arginin. 

Pauly's view that histidin is a-amino--j3-imido-azol propionic acid, 
Knoop and Windhaus have proved to be correct by synthesis, and 
therefore histidin· should be placed amongst the ring compounds. 
The position of the NH2-group is still uncertain. Herzog's discovery 
of a violet biuret reaction points to a terminal . CONH2 group. 
Arginin does not give a biuret reaction. When albumins or peptones 
are digested trypticallyor ereptically,2 the originally intense biuret
reaction of the albumoses and peptones diminishes so much as to be 
only demonstrable on taking the greatest care in performing the 

1 Pinner sud Schwarz. Ber. d. deubch. cJwm. Getellach. 35. 2448 (1902). 
2 O. Cohnheim, ZeitscM./. phyBiol. 0/wm.33. 451 (1901), 35. 134 (1902); K. 

Mays, WU<. 38. -428 (1908). 
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test, and in many cases the reaction shows a different colour from 
the pure red of the peptone reaction. This feeble and impure biuret 
reaction was found frequently to resist strongly the dissociating action 
of ferments. The idea suggests itself that in these cases we are deal
ing with histidin derived from the peptones. 

A full description of the salts of histidin is given by Kossel and 
Kutscher; 1 the picrolonic salt, which because of its slight solubility 
might be used for purposes of isolation, has been prepared by Steudel. 2 

The free base is lreva-rotatory: 

au = - 3'974. 

The salts are, however, dextra-rotatory. Bauer 3 has investigated the 
shape of the cr;vstals. See, further, Pauly,4 who also gives directions 
for the preparation of histidin. 

The inter-relation of imido-azol compounds to grape sugar is referred 
to by the author in the chapter dealing with the carbohydrate radical 
of a.lbumin. 

15. Diamino-trioxy-dodecanoic Acid, O"H",N,O" is a satu
rated, aliphatic, oxy-arnino-acid, reacting acid to litmus, with a feebly 
bitter taste and readily solnole in dilute acids. It has been prepared 
by Fischer a.nd Abderhalden from the impure tyrosin-fraction obtained 
by the hydrolysis of casein with boiling sulphuric acid. It resembles 
Skraup's caseinic acid 5 as far as the ratio of C : N : 0 is concemed, but 
contains considerably more H. 

The following acids (except No. 19) have been discovered by 
Skraup ;'-

16. Diamino-glntaric Acid, C,H'ON,O, 
0, NHz H NH, /0 
/O-O-O-O-C" 

HO H H H OH. 

17. Diamino-adipic Acid, C,H"N,O, 

0, NH, H H NH, /0 
/O-O-O-O-C-O" 

HO H.If H H OH. 

Adipic acid is OOOH-(OH,),-OOOH. 
18. Diamino-dihydroxy-snberic Acid, OSR,.N,O.,. 

1 A. Kossel and F. Kutscher, Zeitsckr.,j'. phY8iol. ahem. 28. 882 (1899). 
II H. Steudel, ibid. 37. 219 (1902). 3 M. Bauer, ibid. 22. 285 O!iOO) • 
• Benn- Pauly, ilJid. 42. 508 (1904). 
, ~ If,. .• uP. B.,.. d. -'B/1. "- 0". 37. 1 •• 6 (1994). 
'141* fi'-raup, SiW,. A ..... d. Wiu. W""', 118 .• I1. b p.263 (l904.), and in 

Zei_r.J'. ph! pl. aMm. 42. 276 (1904). 
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0) NH,OHOH H H NH, /0 
C--O--C--C--O--C--C--O 

HO H H H H H H "OH. 

Suberic acid is OOOH(OH,) •. OOOH. 

19. Diamino-oxy-sebacic Acid, CIOH 20N,O" 

0, NH,OH H H H H H NH., /0 
/C--C--C--C--O-C-C-C--C":"'C" 

HO H H H H H H H H ~H. 
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This acid was obtained by vYohlgemuth On hydrolysing liVel'-llUcleo
proteid.1 

20. Casea.nic Acid, C~H16N20W This is a trjb<'lSlc acid, and 
probably a diamino-oxy-compound. Its 'COnstitution is unknown. 

21. Caseinic Acid, C12H16N 2°5' This is a dibasic acid. It 
occurs in two modifications, of which the active, slightly dextro
rotatory fraction melts at 22tf', while the other inactive fraction 
melts at 245°, 

22. .-Pyrrolidin-carboxylic Acid, Or Prolin,' C5HoNO, 

H,C:--fH, 
I 

H,C\fH.COOH 

.)III. 

Soon after it had been first described by \Villstatter,3 E. Fischer 4 

discovered it amongst the dissociation-prOducts of casein, alld sillce 
then its occurrence has Leen demonstrated in all proteids examined for 
its presence. (See tables, pp. 70-75.) According to E. Fischer and 
Abderhalden S it belongs to the anti-group.' 

The acid occurring normally in albumins is, according to E. Fischer 
and Dorpinghaus,7 l.u-pyrrolidin-carboxylic acid, having 

.':r = - 47'6. 

1 J. Wohlgemuth, B~. d. df'JUt:.;ch. chem. Gu. 37. 4362 (1904). 
:: E. Fischer has abbreviated a"pyrrolidin·carboxylic acid into "prolin." Ihid. 37. 

2843 (190',. 
, R. WHlstatter, Wid. 38. I. 1160 (1900). 
" E. Fischer, ZeitsWr. f. physiol. Chem. 83. 151 (1901). 
5 E. Fischer, and E. Abderhalden, ibid. 30. 81 (1903). 
!'I The evolution of the che.rnistry of pyrrol compounds durillg ill.!'! 1a._'1t twenty.ilve 

years has been described by Giacomo CiamicUm. &1-. d. tkfdsCh. chem. Ges. 37. 4200 
(1904). 

, E. FUch", and T. DOrplnghaus, ibid. 36. 462 (1902). 
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A high percentage is usually in the raceme fann. The melting
point is 203-204°,1 It tastes very sweet,2 

E. Fischer raised at once the question whether pyrrolidin-carboxylic 
acid is a primary dissociation-product, or whether the pyrrol-ring is 
liberated through the agency of the strong hydrochloric acid from 
another less dissociated disintegration product, such as an amino
valerianic acid, glutaminic acid, or an oxy-acid. The formation of the 
a-pyrrolidin-carhoxylic acid by the transformation of an open chain 
into a ring-like structure he had observed himself under the action of 
hydrochloric acid. 3 On dissociating casein by means of 10 per cent 
so(h solution, he obtained approximately the same amount of pyrrolidin
carboxylic acid as after the dissociation with hydrochloric acid,'! but 
as during the esterification strong hydrochloric acid had to act on the 
dissociation-products, he does not as yet consider the question definitely 
settled. 

The attempt to solve the question by tryptic digestion is not pos
sible, as tJ'ypsin does not liberate the pyrrolidin-carboxylic acid at all.[) 
But although the question is as yet an open one, E. Fischer 6 points 
out that the percentllge-amounts of pyrrol-derivatives and of the 
diamino-acius agree. 'The quantitative relation between the cyclic 
acid and the diamino-compounds seems to be a general one, and makes 
it probable that hath have an origin in common.' 7" On boiling, how
ever, diamino-acids with hydrochloric acid 110 pyrrolidin-ca.rboxylic 
acid is formed,') according to Kassel and Dakin.8 

23. Hydroxy-a-pyrrolidin" carboxylic ACid, or Hydroxy" 
prolin, C,H,N03. 

This acid also was discovered by E. Fischer 9 amongst the dissocia
tion-products of gelatine, but the position of the oxy-group is not yet 
settled. It crystallises from the residue after the esters of the amino
acids have been distilled off, and after the diamino-acids have been 
precipitated by means of phosphotungstic acid. It has also been found 
in casein,7 globin, and edel'Stin, and may be even more widely dis
tributed. As to the possibility of this acid being formed secondarily, the 
same ~rguments hold good as were advanced for the previous acid. It 
is lrevo-rotatory : 

1 E. Fischer, P. A. Levene, and R. H. Aders, Ber. d. lkutsch. chem. Ges. 35. 70 
(1902). 

~ R Fischer, t·bid. 35. III. 2660 (1902). :I E. j<'iscner, ibid. 84. 1. 454 (1901). 
~ E. Fischer, Zeitschr. J. physiol.. Chern. 35. 227 (1902). 
5 E. Fischer and E. Abderhalden, ibid. 39. 81 (1903) 
". E. Fischer and E. Abderhalden. ibid. 36. 268 (1902). 
7 ;E. Fiseb.'!'dbid. 39. 155 (1903). 
1:1 ~:.~Ite"r klini8Che lVU(lMnsM. No. 41, Oct. 1904, p. 1065. 
II R Fiscli6l'{_ r' d, d~ttsdt.·c/u:m. GM. 35. III. 2660 (1902). 
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"n = - 81'04, 

It is very soluble in water; very slightly soluble in alcohol. It 
tastes sweet. 

24. Phenylalanin, C,HnNO, 

OCH" CH(KH,), COOH, 

is phenyl-a-amino-propionic acid. E. Schulze 1 first succeeded in 
isolating it from germinating plants, although its occurrence in 
albumin had previously been assumed, because, when albumin is 
decomposed by putrefactive bacteria., there are formed,-in addition 
to phenol, cresol, oxyphenyl-acetic and oxyphenyl-propionic acids, 
which are derived from tyrosin,-also phenyl-ethylamin, phonyl
acetic, and phenyl-propionic acids. Nencki 2 and Salkowski 3 assumed 
the last mentioned substances to be derived from the mother substanco 
phenyl-amino-propionic acid. Guckelberger,4 Maly,5 Bernert,6 Pick:,1 
Ducceschi, S and Spiro 9 also found derivatives of a non~hydroxylated 
amino-acid. E. Fischer and his pupils succeeded in demonstrating the 
occurrence of phenylalanin in all the protf'ids they investigated, and 
indeed, as N encki 10 ha.d already assumed, in such quantities that it was 
at least equal to, and in many cases in excess of, the other aromatic 
body present, namely, tyroein (compare tables on pp. 70-75). In the 
albumin-molecule, phenylalanin occurs, along with glycocoll a'1d o.-pyI1'Q
lidin-carboxylic acid, only in the so-called anti-group,l1 and is therefore 
characteristic of this group, in which the tyrosin radical is absent. 

The naturally occurring phenylalanin is the l-variety.l2 E. Schulze 
and Winterstein 13 determined 

aD = - 3S'1 to 40'2, 

1 E. Schulze and E. BOMhard, Zdtschr.j. physiol. Chem. 9. 63 (1884); E. Schulze, 
ibid. 17. 193 (1892). 

2 M. Nencki, MOMtshejtGj1l.r Chemic, 10. 506,526,862,8£.4, <aCl8 (1889). 
:l E. and H. Salkowski, Zeitschr.j. physwl. Olwm. 8. 4li (1884), 9. 8 (1884), 9. 

491 (1885); E. Salkowski, Die Lehre vom Ham, p. 26, 1872; &r. d. deutsch. chern. 
Ges.34. III. 3884 (1901) . 

• Gnckelberger, Liebig's Anmtlen, 64. 39 (1848). 
o R. Maly, MonatsM/tej. Ohemie, 10. 26 (1889). 
(I R. Hernert, Zeitschr.j. physi.ol. Ohem. 26. 272 (1898). 
7 E. P. Pick, ibid. 28. 219 (189{l). 
8 V. Dllcceschi, Hojme:istt!r's Bdtriige, 1. 338 (1901). 
II K. Spiro, ibid. 1. 347 (1901). 

10 M. Nencki, Monatsh. j. Ohem. 10. 506 (1889). 
11 E. P. Pick, Zeitschr. /. physwl. Chem. 28. 219 (1829); E. Fischer and E. 

Abderhalden, ibid. 39. 81 (1903). 
111 E. Schulze and E. Winterstein, ibid. 35. 299 (1902); E. Fischer and A. 

Monueyrat, Ihr. d. deutsck. chem. Ges. 33. IL 2383 (19M). 
18 E. Schulze and E. Winterstein, ZtifMhr./.physiol. Ohem. 35.299 (1902). 
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E. Fischer,l who did not succeed in preparing a perfectly pure 
I-phenylalanin, found for the d-phenylalanin 

aD = + 35'08. 

A ready means of p~paring racemic phenylalanin by the action of 
a.mmonia on phenyl-brom-propionic acid is also described by E. Fisch~r.2 

Phenylalanin is not readily soluble, as one part requires, according 
to E. Fischer,s 35'3; according to Schulze and Winterstein,' 39'5 
parts of water. Phenylalanin has a s"\n::et taste. 5 On the oxidation 
of phenylalanin with sulphuric acid and bichromate, the characteristic 
smell of phenyl~acet.-aluehyde is developed. 6 In contrast to the other 
mono-.-amino acids, which arc either not precipitated at all or only hy 
very strong solutions of phosphotungstic acid, phenylalanin is pr(.'~ 

cipitateu by 0'25 pe.r cent solutions,; a fact which Schulze and 
\\Tinterstein 7 made lise of for its isolation. They recommend ger
minating Lupilllls lutcus and L. albus, two to three weeks old, as 
most suitable for the preparation of phenyIILlanin.8 

Phenyl-ethylamin, C8HnN 

OCH,. CH,. NH" 

is a derivative of phenylalanin and is basic in character. It waS first 
discovered by Nencki 9 in putrefying gelatine, and identified by him as 
phenyl~ethylamine III after E. Schulze 11 had demonstrated the occurrence 
of phellylalanin in germinating lupine. Phenylethylamine is obtained 
from phenylalaniu by dry distillation, and is formed by a CO2 group 
being split off from the phenylalanin. Spiro 12 has shown that the 
phenylethylamine obtained by putrefaction is identical with that 
prepared synthetically. 

1 E. Fiseher and A. Y<mneps.t, Ber. d. {u:utsch. memo Ges. 33. II. 2383 (llJOO). 
2 E. Fis('ber, iQid. 37. 3064 (1904). 
3 E. Fischer and A. Mouneyrat, ibid. 33. II. 2383 (1900). 
t E. Scbulze awl E. Winterstein, Zeit.~chr.f.phy$Wl, OMIli. 35. 299 (1902). 
~ E. Fischi>r, Bel'. d. ff,wtscA. cheJn. 6es. 35. III. 2660 (l9{)2). 
/I E. Fis~her, Zeitsck1·.f. physiol. Dhein. 33. 151 (1901). 
7 E. Schulze nuu r;. Winterstein, iht'.d. 33dii4 (1901), ~5. 210 (1902). Hausmann 

has denied tbe precipit:lbility Ul;Jd. 29. 138), but he is in the wrong, for Kut.'!Cher aud 
t.ohmann, ibid. 44. 384 {19Q5), have clm1hroed Schulze and Wintenteln. 

S E. Schlllw and E. Winterstein, ibid. 85. 299 (1902). 
9 M. N 811Cki, f.i bel' d. ZerM'lzung de:r Gelatine und des Ei1ceia6es. ki, tier Fdulnt'flJ, 

Bern, 1876 i Verlag Dalp. 
1<1 M. N~ckj, Sibb. d. /Mis. Akad. d. Wiss. in Wien. 1889. 
II E. 'Schulttl- and B&rbieri, J(J'/1;rn. f. prakt. (JkeJJt. 29. 331 (1888). and 14. 1785 

(18B!). ~ 
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25, Tyrosin, C,HllNO" 

HOOCH" CH(NH2), COOH 
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is phenyl-p-bydroxY-ff.-amino-pJ'opionic acid. It was one of tIJe first dis
covered dissocintioll-product", and was eRtimated quantitatively at an 
early period because of its slight floiuuility. EYen now tIl£' hest 
method of estimating it consists ill freeing the mixture of dissociation
products from sulphuric acid, hariuUl hplmte, or hydrochloric acid, 
and thell in>;pissatillg the l'cmaiTlder, when tYI'O:-;ill crystallises out 
fll"il'ly completely and approximately purt' (for its separatioll from 
leuciu, see p. :23). In contl'ast to phen} labnin, it is characteristic 
of the hemi-gronp of the alhnmin molecule,l and is therefore abseut in 
gelatine awl in hetel'o-alht,lllose, u,lso ill bottle protamins. 

The occurrence of tyrosin ill plant:,,; has been definitely e~tablish('d 
Sack and T()lleHf;)~ who fonnd it in the herries of the elder 

ni{!ra, L.); by ~tclldel,:\ t-tlld by Schulze and 'Yinterstcin,~ 
.rho i1i ... {'o"creu h in potatoes and in germina-6ng cucumber. 

The naturally occurring ytbricty i~ l-t'yrosi11.~ E. Fi~chcr:' found 
for a solution of tyrosin ill 21 pCI' cent hydrochloric acid 

un = - 8'64-. 

Schulze and 'Yintel'stein discon;red, however, that tYl'ORlll differs 
from other amino-acids in showing the greatest. amount of rutation 
in 4 pCI' ccnt hydrochloric acid, for which strength 

u
J
)= -14'6 to 1G·1. 

By splitting racemic tyrosin into its optically ~ active components E. 
:Fischer obtained ill -± per cent Hel 

alJ = + 16'4, 

while Schulze anti "Tintel'stein have prepared from germinating lupjnc 
a tyrosin having 

1 W. K iilme. 'Tern. d. 
W. Kiihne and H. H. Chittenden, f. 

"Zdischr,f. Chem. 28. 219 (1899) ; E. and P. Bergell, u/",,,iI""''';,'ung, 
1902, U. p. ; E. Fischer and E. Abderhalclell, Zcifschr. f. physiol. Chem. 39-
(1903), 

! J. &wk. Dissertl1tion, G()ttingen, 1901; aud J. fSack ailli B. T011em. Ber. d. det({sdL 
cketn. Ges. 37.4115 (1904). 

a H. Ste-udel, Delttsehe 111m. Wocken~~cl'I':]900, p. 2i3. 
" E. Schulze and E. Winterstein. Zeitschr. f. physiol. Che'fl. 35. 299 (1902), amI 

45.79 (1905). 
:; E. Fischer, Ber. d. dwt.~ch. chem. Gf.';. 32. 111. 3638 (1899). 
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Skatol-alllinc,·acetic acid. 

[n :.-uldition to these substances, Ti(ldenmnn and Gmelill, the!l Kiihne,l 
described ~t peculiar chromogen amongst thf' tr~-ptic disintegratioll
products of alhl1lllin ·which, ill an acid solution, gives a violet colour 
with bromine or chlorine water. Stadelmann 2 c<Llls the suhstancp 
proteinocbrome, wbile Keumeister2 gave it the name of tryptophane. 
\\,internitz,4 Nencki/' 11ehlor/' and Kuraj eft· , have attempted to 
isolate it. 

Adamkie"wicz 8 descrihed a colour reaction which is ohtainahle by 
treating alhumins with glacial acetic acid and concentrateu sulphuric 
acid. This reaction Hopkins and Cole (J showed to be due, nut to 
glacial acet,ic acid, but to a commonly occurring impurity in this acid, 
namely, glyoxylic acid (see 1). 9). Hopkins and Cole 10 succeeded in 
isolating, by means of mercuric sulphate dissolved in sulphuric acid, 
from the mixture of su ostances set free by tryptic digestion, or 
hy the action of acids, a body which they helieyed to be skatol-amino
acetic acid; which was indistinguishable from tryptoph:me, and which 
gave with glyoxylie acid and sulphuric acid the reaction of Adam
kiew-icz. For this body they retained the name of tryptophane. 

The tryptophane of Hopkins and Cole is not, however, skatol
amino·acetic acid as these iuvestigat-ors ,yere forced to believe on the 
prevalent assumption that Salkmyski's acid was 'skatol-carboxylic acid.' 
G-entzen n 11~tS shown that skatol administered sUbcut<tneously, or by 
tIle mouth, or injected into the large intestine, never leads to the 

1 W. Kuhne, Verkandl. d. Hd.dd7IeFr]'Jr nacur/I.·m.e.l. 1Tey('ins, N. F. 1. 236. JII. 46i 
(1880). 

oJ E. Sta(lelmallll, Zeit/}~hr. f. Biol. 26. 491 (1S9D). 
3 R. ~Nlmeister, ibid. 26. 324 f Anm. 329 ff.] (1890). 
4 H. 'Yint,ernUz, Zeitschr. f. ph,>lsiol. 16. 4(iG (1892). 
1> M. Xellcki, Brr. d, deutsch. cllem. Ges.28. 1. 560 (189f». 
6 C. Beitler, ibid. 31. 1I. 1604 (1898). 
7 D. Kurajefl; Zcitsdl1'.! pllysiol. Cltern, 26. £01 (1891), 
8 A. Adamkiewicz, Pflil{!cr's Arch. f.._d. !leB. Phyoinl. 9, 156 (1874) ; 1Je,'. d. delUsch. 

cherli .. (Jes. 8. 1. 161 (1875). 
lip. G. :ff0pkins and S. W. Cole, Proc. Roy. Soc. 68. 21 (1901). 
1(1 F_ G: lIopkins and S. Vol. Cole, Jou,Tn, ~f Physiol. 27. 418 (19fI1). 29. 451 

(1908). I. . 
11 P. Gtll len, tibet' die Vor.shifen deR ['I1dols bei der E'im:issjaufnis im Tie:rkiirper, 

Irtall~<~~":.l)i8sertatjQtI. Kouigsberg, 1904. 
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formation of indican, while tryptophane prepared by the method of 
Hopkins and Cole on being injected into the larger intestine invari~ 
ably led to the appearance of indican in the urine. He therefore 
comes to the conclusion that tryptophane cannot be a skatol-compound, 
but must be an indol-derivative, and Ellinger 1 has proved by synthetic 
work that Salkowski's acid is really not a skatol-carboxylic acid, but 
all inaol-acetic acid. 

/\ CH,.COOH 

I 1
-°, 
_N/O

H 

Vii 
Skatol-eal'\)I)xylie add. 

Either of these alternative constitutions will explain the yield of 
skatol and CO2 on putrefaction. Kow, skatol-carboxylic acid being 
recognised as indol-acetic acid, it is clear that' skatol-acetic' must be 
indol-propionic acid, and therefore tryptophane an indol-amino-propionic 
acid. Ellinger 2 has also found that Hopkin's tryptophane, fed to 
dogs, gives kynurenic acid in the urine, a fact ,,,,hieh inclines him to 
ascribe to it the constitution of iHdol-G-amino-propionic acid. 

(\/-C,\:OH,.OH(NH,)OOOH 
I ./OH 

V-~ 
Tryptopbane (Ellinger). l'ryptopbane (Hopkins). 

:Ellinger's formula ·would further explain the tendency towards the 
closure of the pyridin-ring in tryptophane, and would make the 
assumption of a pyridin-nucleus in the albumin-molecule 3 superfluous, 
a view which was based on the fact that melanoidins fonn pyridin on 
being reduced (Samuely).4 According to Ellinger a genetic relation
ship exists between tryptophane and many of the pyridin and quinoline 
derivatives in plants. 

Hopkins 5 thinks it unlikely that Ellinger's view is correct) because 

1 Alexander Ellinger, Ber. d. d€tdsck. chan. Gesdlsch. 37. 1801 (1904).' 
\l Alexander Ellinger, Zeitschr. f. physiol. Chem. 43. 325 (1904). 
:f Hofmeillter, }'.'rgebnisse d. Physiol. 1. 768 (1902). 
" Samuely, Hqfmeister's Beitr. 2. 3~5 (1902). 
~ Hopkiru:;, private commun~cation, January 1905. 
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tryptophane 'would then not he an a-amino-acid.1 Only a synthesis 
can, however, clear np this matteI'. See also under Kynurenic Acid. 
p.84. 

Tryptophane, as prepared by the method of Hopkins llnd Cole, has 
very strong reducing powers, as the chlorides of gold, platinum, and 
palladium are reducpd in a few seconds, the metals passing through 
a soluble colloidal state into an insoluble form (l\1ann).:"! 

Tryptophane has lleen prepared by Hopkins and Cole up till now 
in a pure stat,e from casein, iihrin, egg-white, nnd serum albumin j 

but, judging by the tryptophane reaction and indol formation, it must 
exist in most nlhumins. If one divide alhumins into a hemi- and into 
an anti-gro _ 'see p. I4-f!-) then, according to Pick 3 and E. Fischer 
and Abderhalden,4 tryptophane Lelong;::., along with tyrosin, to the 
hemi-group. It is, therefore. absent from gelatine;) and from 
hetero-albumose. S 

In the older works of Nencki, Beitler, and Kurajeff mention is 
made of several colouring matters, but it is difficult to say whether 
one is dealing simply with impurities, or whether tryptophane may he 
bl'omated to different degrees, or whether, in addition to tryptophane, 
still other chromogens are present in albumitls. The bromo-trypto
phane is insoluble in water, chloroform, benzene, ether, and petroleum 
ether, very slightly soluble in alcohol, hut readily soluble in acetic ester 
and amyl-alcohol. A solution in amyl-alcohol gives an absorption band 
between 571 and 540 {'-p.. Through the discoveries of Hopkins and 
Cole, and Ellinger, the older statements as to the existence of an indol 
nucleus in tryptophane have been confirmed, and Nencki's assumption 
of a relationship between tryptophane and the melanins is verified, for 
Hopkins and Cole have observed that tryptophane is very liable to 
change into brown-coloured substances on being boiled with acids or 
merely with water. For this reason tryptophane is usually absent 
amongst the dissociation-products, which are obtained by treating 
albu.mins with acids. 

The derivatives of tryptophane are carriers of still another colour 
reaction-the so-called pyrrol reaction. If one immerse a chip of 
pinewood, e.g. a wooden match, into strong hydrochloric acid, and 
then place it in a watery solution oLindal, it will gradually become of 

1 Le\'ene Ilnll described amillo-acids which ar~ not a-amino·_adds (Levene, ZeitscM. 
I. p/r,JlsWl. Ohem. 41. 100 (1904). 

1) Gnsta-v MlI-llll, Physwlo[Ji!XIi Histology, 1 ?02, p. 269. 
, a E. P~~~k. Ztitschr.f. physiol. Cherrt. 28. 219 (1899) . 

• 4tl.!.-;t~er and E. Abderha,(den, ibid, 39. 81 (1903), 
5 R. !laIy, Monatsh-. f. Oheln. 10. 26 (1889); M. Nencki, Be1" d. deutsch. chen. 

Ors.7. IL 1593 {1874J . 
. ·,lilt 
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a cherry-red colour. Colour reactions of skatol-carboxylic acid haY6 
been described by Salkowski.1 

Diacipiperazin-Compounds. 
According to Fischer, see p. 132, diacipiperazins occur in all proh

ability in the albumin-molecule. He first discovered a. glycocoll-alanin 
compound amongst the products of p.-'lrtially digested silk-fihrin, fwd 
subsequently manufactured a similar, if not identical cvmpound, see p. 
127. The four diacipiperazins 'wbich Fischer has synthetised arc:-

/CIl(CH,)--XH 
O~C ~C=O 

~?i"H-CH(CH3/ 
Di-nl1tllin-anhydride. 

/CH,-KH" 
O~C'XH __ CH/C~O 

I 
CH, 

Glycin-alanin-anhydl'ide. 

27. Ammonia, NH3, Kasse 2 was the first to accurately study 
the splitting off of ammonia from albuminous substances. He as well 
ari; subsequent investigators-Hlasiwetz and Habermann,s Kassel alld 
Kutscher,4 E. Fischer awl his pupils," and various others-agree in 
stating that after the dissociation of albumins by means of acids, 
ammonium salts are always met with in the mixture of dissociation
products. Hirschler,f\ Stadelmann,1 and Kutscher 8 obsened its for
mation also after tryptic digestion. Ammonia ought to be regarded, 
therefore, as a primary dissociation-product, were it not for the 
possibility that it may be formed secondarily out of some primary 
di.isociation - product, as soon as endeavours are made to isolate 
it by distillation with fixed alkalies. For N asse has shown that 
a great deal more ammonia is obtained if the dissociation of albumin is 

1 E. Salkowski, Zeitschr. I. physiol. Ohem. 9. 8 and 23 (1884). 
II O. Nasse, Pfluger's Atch. f d. ges. Physwl. 6.598 (1872), 7. 139 (1872), 8. 

381 (1874). 
3 H. ffiasiwetz ana J. Rllbermanu, Liebig's Ann. 189. 150 (J873). 
4 A. Kossel and F. Kutscher, Zeitachr. j. physwl. Ohern. 31. 165 (1900). 
~ See p. 20, footnote 9. 
G A. "Hirschler, ibid. 10. 302 (1886), 
1 E. Stadelmann, Zeifschr. j, Bull. 24. 261 (1888). 
S F. Kutscher, Endprodukte der Trypmn/ufff'dauung, Marburger Habilitationsschrift, 

Strasburg, 1899. 
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brought abont with alkalies instead of with acids, and there cannot 
be any doubt that the usual method of distilling ,,,>ith magnesia 
does not only yield preformed ammonia. For this reason Hart 1 

distils the mixture of dissociation-products resulting from the action 
of sulphuric acid, with barium carbonate, and obtain;:; ammonia in 
smaller quantities. Dzierzgowski and Salaskin 2 have studied the 
formation of ammonia according to the method of N encki and Zaleski,3 
after peptic and tryptic digestion, and Cohnheim oJ has done the same 
after digestion with ercpsin, and the results seem to show that ammonia 
is a primary dissociation-product as much as are the amino-acids. It 
must be admitted that the ammonia values of dissociation-products 
obtained by t:.. ~tion of acids vary according to the concentration of 
the acid and the duration of the boiling~:'> while the definitely known 
dissociation-prodncts of albumins do not give off ammonia on being 
hoiled with acids. The numbers of Dzierzgowski and Salaskin further 
agree hut little \...-ith one another, 'Ve have not come as yet to the 
end of this question. 

The amounts of ammonh which are obtained from different 
proteids by dissociati011 with acids amI subsequent distillation with 
magnesia, ha\Ce been determined quantitatively hy Hausm~nn/j Kosse1 
and Kutscher," Frjedmann, g Henderson, fi Osborne and Ha.rris, II 
SclJUlze,lo Pick,ll and others, J\lost of these numbers ,,611 be found 
in the tables on pp. 70-75. (See al~o p. 77.) The amount of 
ammonia varies from 4: pel' cent in some vegetable proteids to 0'4 
per cent in gelatine. Ammonia seems to be absent only in some of 
the protamins. 

28. Cystin, C"Hj,O,N,S,. 
Cystin occurs in nature in two distinct forms, in the one the 

amino-group is in the a-position = A-cystin or Protein-cystin, while 
in the other the amino group is in the /3-poE;ition = B-cystin or 
Stone-cystin.12 

1 E: Hart, ahem. 33. 34i (1901). 
S"la:skin, Ze:Mndbl.f, Pll1!s. 15. 249 (1901). 

a M. Nencki and J. Zale~ki, ibid. 33. W3 (1901). 
-; O. Cohllhdm, ZClisc}w. j. physiol. ('heM. 35. 134 (1902). 
5 Y. HelldersOD, ihifl. 29. 47 (1899). 
6 W. HausUla1lll, ibi'l. 27. i5 (1899), 29. 136 (1900). 
7 A. Kossel and F. Kutscher, ibid. 31. 16~ (HtOO). 
8.1<: FrieJm.llnn, ibid, 29. ['0 > 

9 T. B. Osborne and J. F. H::mis. AmtJ'. Ul;fllt. Soc. 25. 3211 (1903). 
:;~ E. 8eblllm. Zeuschr./ pli!/sil)l. Chem, 25. 360 {1898}. 
11 E;..:Jr ... ..Piek, ibid. 28. 219 (18'99). 
12 The author proposes to distinguiRh the two cystins a<; A ant! B, for both are met 

with:in pr~ds and in urinary calculi. 
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)' CH2-CH, NH2-CO, OH 

8, CH,-CH, :-IH,-CO, OH 
A-l'}'htiU or Protein-eystill 

(a-aIllino-f:1-thioglyceric acid 
'disulpllidl',') 

CII" NH2-CH, 8-CO, OH 
I 

CH" NH,-CH, 8-CO ,OH 
B-cystin or StoIlc"cystin 

(a-thio-il-amino·glycerie acid 
'dislllphi!le.') 

Both cystins may be regarded as sulphuretted serins (see p, 33) ; 
heing isomers they resemble one another in certain respects, but differ 
markedly in the followitlg points, according to Neuberg and Mayer 1 

A-cystin or Protein-cystilJ, 

J. Pure, optically active compound 
crystallises in six-sided plates. 

Racemic compound crystallises ill 
needles arranged in hunches resem
bling tyrosin, and also in 

3. Specific rotatory power 
4. K 0 melting point; decomposes be

tween 258-261", 
5. The salt, made from 1 

molecule cystin awl 2 molecules 
of N<tOH an-d HgC12 corresponds 
exactly to tIle formula I' mIz· OR. NH~. OOO":-Hg 

S. CH2 • CH. ~II2' COO/ 
Itis very stahle and l)nre white. 

B-eystin or Stone-eystin. 

1. Pure, cptically active compound 
crystallises in needles. 

2. Racemic is amorpllOus, amI 
canllot made to c1'YE>tallisc by 
me,ms of ]>l'orein-cystiIJ, 

3. rotary po\ver is - 206. 
4. at 190·192', giving rise to a 

foam. 
S. The merr.ury ~alt prepared in tbe 

same way has 110 constallt composi· 
tion; it becomes reddish hrown on 
drying, and then black. 

In addition to these characteristics N euberg and Mayer give six 
othel' points of difference, so that there cannot be any doubt as to real 
existeIlCe of two isomeric cystins. 

Protein-cystin when dissociated with HOI under pressure gives rise 
in addition to H2S and NH3 to a-alanin, while stone-cystin gives rise 
to a-thiolactic acid, according to K. A.. H. Marner,:! who was the first 
to point out the existence of two kinds of sulphur atoms in albumin. 

CH" 8H-CH, NH2-COOH ->- CH3-CHNH,-COOH + H,8 
Protein-cystiu. . --)- a-alanin. +sulphuretted 

hydrogen. 

CHi' NH2-CH, SH-COOH ->- CH,-CH, SH-COOH + NH3 
Stone-cystin. --:;.-: a,tbiolactic acid. +ammonia. 

An inactive modification of what Neuberg and Mayer call 'stone
cystein' has been prepared by Gabriel,3 who calls his compound iso-

I Carl Neubel'g and Paul Mayer, Zeilsckr. f. physiul. Dhem. 44. 472 (1905). 
2 K. A. H. Morner, ibid. 34. 295 (1902). 

<l !:i. Gabriel Bn_ d. deutsch. chem, (Je8eU. 88. 637 (1905). 
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cystin. By dissociating dihydrouracil sulphocyanate by means of 
fuming HOI at 1 iO°, he obtained a-thio-fJ-amino glyceric acid: 

CH,--'il!, 
i' I' 

CN-SCll CO 
i 

~H"NH, 

+ 4Hp ~ 2CO, + ~"Hj + CH. SH 

CO --l\H dOOH 
DH"yd"omnell suJplwcyanare, Isocystill. 

(_;.-abriel deri'Tes both a-a.lanin a.nd a-tbio-lactic acid (see above) from 
protein-cystin or a-amino-j}-thioglyceric acid 4l disulphide /J according 
to the followin,g scheme: 

Cl!,,,~ 

CH/' 

COOl! 

I ++ H, 

CBs 
Oll.>;ll 

COOH 

CH,SH 
-'ill., I' -H,S 
+-- Cll.l\ll, 

COOll 

CH" 
I ',(H 
CH/ 

COOH 

J ,dI, 

CHs 
CH.NH, 
("OOR. 

flistorical ACNmnf.~O'ystin was first discovered in 1810 by 
),Vo]lasion 1 in a urinary calculus. Kiilz 2 found it occasionally 
and in small quantities on digesting fibrin with trypsin; Emmer
ling 3 on dissociating horny substanees with acids, but subsequently 
it was shown by Morner" and Embden 5 to be a constant and 
abundant dissoclation-product of most albumins. 

Morner and -r:mhden have also found cystein, along with, and in 
plue .off .ryg1jJ)_ _F_.m bdau tDok !'yst.£>in t.o be t!lB primJJJ'Y djsSOriatjOll' 
product j Patten/( however, has sho\vn that in making cystin, a part of 
it is aonverted into epstein, while the converse does not hold good, 
Cystin is therefore the primary dissociation-product. 

Baumann 7 first demonstrated that cystin in the urine is the disul: 
phide of cystein. He believed the latter to be a-a·amino-thiolactic 
acid, having the ammonia- and hydrogen-sulphide remainders attached 
to the same carbon atom. 

1 W. H. Wollaston, Phil. Trans. 1810, pp. 228-330. 
2 E. Ktilz, Zeilschrij'tjilr Biologie, 27. 415 (1890). 
i A.,~, Verhandl. d. G;,es. delttsck. Naturforscher u. Ard-e, 1894, II. 2. 391. 
" ~·~liiH. Mtirner, ZIJi.ts<:hr. /. phy!iol. Chem. 28. 595 ,(1899), 4. 207 (1901) . 
., p.. Embden, ibid. 32. 94 (1900). G A. J. Patten, ibid. 39. 350 (19081. 
··E. 9",n, ihUl. 8. 299 (1884). 



PRIMAH.Y DISSOCIATION-PRODUCTS 

SH NH, 
"'-/ 

CH,-C-COOH. 

59 

That the SH and the NH2 radicals are not attached to the same 
C atom was first shown by C. Keuberg 1 and E. Frietlmann.2 Neuberg 
prepared is::ethiol1ic acid by oxidising cystein directly with nitric acid. 
Ismthionic acid bears to taurin the same relation as does an oxy-acid 
to an amino-acid. 

CH2 ·SOsH 
I 

CH,.OH 
ISfcthiollic acid. 

,Hz. SOsH 

CH,.KH, 
Taurin. 

l"'riedmann oxidised cystein to amino-sulpha-propionic acid, and the 
latter by removal of CO2 jnto taurjn : 

CH2 • SH CH2 ·SO,H 
I 

CH.NH, -+ 
I 

I 
CH.NH, 
I -

COOH 

CH2 ·SO"H 
-+ I 

CHi·NH, 
COOH 
Cysteill. Amino·sulpho-propionic acid. Tantill. 

Cystin is lreyo-rotatory, but being an amino-aeid it becomes partly 
raccmised when it is -acted upon by acids; these two cystins Morner 
showed to differ from one another also in other properties, for the 
active cystin crystallised in six-sided plates, while the inactive cystiH 
formed needles resembling tyrosiq, which substance also frequently 
accompanies cystin. 3 l\Iorner prepared cystin by decomposing horn 
filings or human hair with hydrochloric acid, removing the acid, 
crystallising ont the cystin and tyrosin, and finally separating these 
by means of fractional crystallisation. Patten precipitated it with 
mercuric sulphnw dissolved in sulphuric acid. 

In his second paper Friedmann 2 stated cystin to be o.:-diamino-,B-
dithio-dilactylic acid. 

S. CH,-CH. NH,-CO. OH 
I 
S. CH,-CH. NH2-CO. OH. 

This formula con'esponds, therefore, to the one given subsequently 
by Neuberg and Mayer 4 to their 'protein--cystin.' Cystin would, 

1 C. Neuberg, B6I'. d. deutsch. cMm,. Ges. 35. 8161 (1902). 
II That optically active stolle-eystin also crystalli~ in needles has already been 

pointed out when comparing protein- and stone-cys1;ing on p. 57. 
3 E. Friedmann, Hofmeister's BeUr, 2. 433. and 3. 1 (1902). 
" O. Neuberg and" P. l\-fayer, Vortrag in d. d. chem.. GeseUsch. Zit lkrlin, May 25, 
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therefore, have the constitutiona.l formula given on p. 57. These 
authors distinguished in their first, paper between two di.stinct cystins: 
one occurring in c'ystin~stones is u-thio-,B-amino-propionic acid, while 
the other found in proLeids is a-amillo-,B-thiopropionic acid. That 
these two cystins really exist iR clea,rly sho'wn by the researches of 
l .. oewy and ~cuherg,1 who find th,l,t the cystin occurring in cystinuria 
is protein- or horn-cystin, and is not stone-cystin. They suggest, in 
follmdng Ba,nmann's dew,2 that ill (.he albumin-molecule a carboxy
cystein (or carboxy-eystin) exists which is a thio-amino-succinic acid, 
'which, according to the place 1',-here CO2 is split off, gives rise either 
to }ll'ot.eiu-cystin or t 0 stone~cystin. 

CH.,SH 
I-+
CH.NH., 
I -
COOH 

1'loreill·l'ystein. 

COOH 
I 
CH2SH 
I -+ 
~H.NHz 

coon 
Carbox~y-{,y8tein. 

COOH 

I 
CH. Sll 

I 
ClIo·NHz 

Stont'~{'ysteill. 

E. Erlenmeyer,:> jun" then succeeded in preparing, synthetically, 
u-amino-f3-thiopropionic acid, and from it cystin. l\:{orner 4 found 
thiolactie acids to ue eonvert.ed into the disulphides by gentle oxida
tion; treating, e.g., a \yatery solution of oAhiolactic acid with ferric 
chloride or iodine, yields a~dithiodilactylic acid, which is very soluhle 
in water, while j3-dithiodilactylic acid is much less soluble, M6rncr 
was the first to state that there exist not only stereo-isomeric, but 
also structurally isomeric cystins and cysteins. In cystin pre
pared froUl human hair and filings of cows' horns hoth p-amino
a-tbiolact.ic acid and a-amino-j3-thioJactic acid exist, perhaps even in 
equal quantities, On being decomposed the a~amino-f3~thiolactic acid 
gave rise to suIphuretted hydrogen and alanin, while p-amino--a-thio
lactk,add gave rise to ammonja and a-thiolactic add. Oxidation may 
also take pla<:e simultaneously, and so cystin be formed from cysteiD, 
or the disulphide from thiolactic acid. In this paper Morner gives a 
full account of how to test for the two thiola<ltic acids and also the 
hest methods for their preparation, Morner [j does not believe a-thio-

IflQa. Quoted by J. Wohlgemuth in ZeitschT.f. physiol. Ohem,. 40. 32 (1903), and ibid. 
44. 4i2 (1905). .. 

1 A... Loe",,}, aud C. Neuberg, ibid. 43. 338 {1904). 
'2 B&.umallili ibid, 20. 583 (1895). 
,3 x..,J§rlenmeyer, jun., .Be')'. d. aeutsch. durn. GlMJ. 36. 2720 (1903). 
" K. A.. R. }lomer, ZeiUwkr. J. physiol. Chem. 52. 34911904). 
~ X. ~ H: Morner, ibid, 62. 365 (1904). 
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lactic acid to be a primary dissociation-product of albumin (see 
p. 83). 

Keratines are richest in sulphur and cystin. From horn filings 
Marner obtained 6-8 per cent, from human hair 13'92 per cent, and these 
figures are certainly too low, as they only express minimal estimates. 
Other albumhl substances contain much less: serum-albumin 2-5 per 
cent, and casein and egg~white only traces. 

Patten 1 and Rothera,2 Oll using Hopkins' and Cole's a(;id mercuric 
sulphate reagent,3 obtained from hair onlY 4_ per cent of cystin in the 
shape of hexagonal crystals. Bothera staies that there is no difference 
between stone or calculus cyst,in and thltt prepared by hydrolysis of hair. 
As he noticed a violet colour-reaction by the simultaneous use of ferric 
chloride and ammonia, which Morner believes to be characteristic of 
a-thiolactic acid, and as the latter is a deriyative of (.(_-thio-f3-amino
glyceric acid, it £0]]01V8 that !>tone-cystin is decomposed by the mercuric
sulphate method, while protein-cystin is not, for the htter I{othera 
obtaineu in the typical hexagonal }Jlates. It must also he horne in 
mind that all cystin stones are not composed of stone-cystin, for 
which reason the expression 'stone-cystin' is not a very appropriate 
one. It is for this reason that the author suggests to call the protein
cystin, A-cyRtin; and the stone-cystiIl, B-cystin. 

The second paper by Neuberg and Mayer and that of Gahriel 
were alluded to at the beginning. 

rHYSIOLOGICAL CONSIDERATIONS.-Cystin, according to 'Vohlge
muth,4 is the principal, if not the only, mother suhstance of the 
sulphates, the unoxidised sulphur and the salts of dithionic acid 
(H

2
S

2
0

6
)" in the urine; further, of the taurin of bjle~ and also of the 

products of intestinal decomposition, namely, hydrogen sulphjde, H2S; 
methyl-mercaptane, CH3 • SH, and ethyl.sulphide, (C2H,),. S. Wohlge· 
muth (; has shown experimentally that feeding rabbits \yith cystin leads 
to an increased production of taurin, and partly also to the fOI1nation 
of taurocholic acid in the bile. 

During cystinuria, which depends on a disturbance of the amino
acid-metabolism, tyrosin, leucin, aspartic acid, and cystin are not dis-

I A. J. Patten, Zeitschr./.phYsiol. Chem. 39.350 (1903). 
~ C. H. Rothera, ,Tou.m. ql Pkysiol. 32. 17:1 (190&). 
3 Hopkins and Cole, ibid. 27. 421 
4 J. Wohlgemuth, JTe-rhaml. d. dflltscli • .J.Yalurj: u. ;-i·r::tc, 1903, p. 423, 

and Zeitsch)". J. physiol. Chf!;ln. 40.81 (1903); ibid. 43_ 469 (1905). Here also tlw 
older litteratioll is dea.lt with. 

~ Dithiollic acid aecotnposes accoTlliug to the equation H ZS?.o6 + H~O = H 2S03 + HzSO~. 
No 8ulphur separates out. 

e J. Wohlgemutli, ibid. 40. 81 (1903). 
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sQclated in the body as they are nOl'lllally, but appear almost quanti
ta.tively a.nd completely unaltered in the urine. The behaviour of the 
two cystins when administered to a person suffering from cystinuria 
is especially intere,'lting, because such a person reltCts to the isomeric 
stone-cystcln, as does a healthy individllal to protein-cystin, Le. the 
cystin disappears completely as snch, there being eliminated 1L corre
sponding amount of sulphatcs and thiosulphates. If protein-cystin 
be gi,"'cn to a patient suffering from cystinnria, then this cystin is 
excreted as sl1cb in addition to the amount of protein-cystin normally 
excreted. 

"-bile mono-amino-acids appear in the urine when given to a cystin
uric person, di-amino-acids hehave quite differently, thus lysin gives 
rise to cad c -""'in and arginin gives rise to put,rescin. ,\Ye are dealing 
here with the first kno"wn fermentative process by which CO2 is 
split off. 

Lysin CH" KH2-(CH,),,-CH ' NH2 , COOH ~ 
CH2 , NH,-(CH')3-CH" NH, or pentamethylene~iamine, 

In the case of arginin there is also liberated cyanamide Or a Ul'ea
remainder: 

NH2 , C(NH) , NH-CH,-(CH2)2--CH, NHz-COOH = 

NHz-ON + CO2 + NH2CH,-(CH')2-CH" NH2 , 

These observations of Loewy and Neuberg 1 are a complete confirma 
tion of the results which Ellinger 2 obtained in the test tube. 

The ratio of the sulphur taken in the food to that excreted in 
the bile has been especially investigated by Kunkel,3 Spiro;' and 
Bergmann. [, The last mentioned detennined in the dog the amount 
of sulphur eliminated in the bile as taurin after the administration 
of cystin mixed with a diet in other respects constant. As long as 
only cystin was given no increase in the amount of taucin could be 
observed, but as soon as sodium glycocholate as well as eystin was fed, 
then an increase in tau~ocholate took place. He explains this result 
by assuming that cystin is converted into taurin in the body, but that 
the dog could not form the requisite amount of cholalic acid to enable 
it to synthetise taurocholates. 

Blum 6 administered cystin to dogs and rabbits by the mouth, and 
found it to become oxidised into sulphates. Cystein injected sub· 

1 A. Loewy awl C. Neuherg, Zei,tsdtr. i pkysiol. Chem. 48. 388 (1904). 
2 Ellinger, B~I·icht. d. deutsch. cheTa. (#s. 31. 3183 (1899). 
1I A. "K;~~tVerk. konigl. si.lchs . .Akad. d. Wiss. 2'7. 344 (1875) . 
• p,~,!~ f, Phy'wl. 22: '714 (1890), 
l! G. t. ~ann, Hof'll1ti.tJlLtr's Beitr. 4, 192 (1903). 6 Blum, iUd. 5. 1 (1903). 
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cutaneously behaved similarly. If large quantities of cystin, dissolved 
in soda, are injected rapidly into a peripheral vein, some thio
sulphate but mostly cystin W'as found in the urine. By injecting 
cystin into a mesenteric veill and so forcing it to pass through the 
liver, he shO'wed that the generally accepted theory as to tauro
(,holates resulting from the union of tam'in and ('holalic acid need not, 
of neeessjty, be the only possible one, hy bringing fOrW&Td chemic<\l 
proof that direct compounds of cystin and chohlic acid are possible, 
and t,bat cystin-cholatcs may be oxidised secondarily into tauJ'ocbolutcs. 
Starting with this idea, Simon and Oampbell l made experiments on a 
person sufi'ering from cystinuria, to see whether this complaint c(Juld 
not be cured by the administration of cholalic acid. Their results were 
negative, <tnd hence they arriYe at the conclusion thl.tt in cases of 
cystinuria either no synthesis of cholalic acid and cystin takes Illace 
... vith subsequent conversion into tl-turocholate, Or that cystin is not 
converted into taUl;n. Rotbem,2 experimenting on himself, found 
that both calculus-cystin and hair-cyatin, taken in doses of 1 gramme per 
day, were completely recovered from the urine as sulphates. "Larger 
doses were purposely avoided in order that bacterial action in the 
intestine might not complicate the issue, Thus cystin, dissolved in 
nutrient gelatine and inoculated with Bacillus coli communis, i<; broken 
up with liberation of sulphuretted hydrogen even under anaerobic con
ditions_ This.,. explains the different results obtained by Blum 
MId by Wohlgemuth with rabbits .' for Wohlgemuth used large 
quantities of cystin, only portions of which were absorbed; the rest 
undergoing decomposition in the intestine might well account for the 
thiosulphat.e in the urine.)' 

That the mercapturic acid which is found in dog's urine after 
feeding with benzene chloride a.nd benzene bromide is derived from the 
same cystein which is found in proteid-cystin, and that the mercapturic 
,tcid is not a derivative of a-thiolactic acid, Friedmann has shown in a 
third paper.s The mother substance of mercapturic acid has the 
acetamide in the a- and the mercaptane in the j3-position. 

CH, . (SX)--CH . NHCOCH3-COOH. 

The occurrence of taurin in lower animals has been investjgated 
by Agnes Kelly.' 

1 C. E. Simon and D. G. Campbell, Hv/meisUr's Beitr. 5. 401 (1904). 
2 C. H_ Rothel'3., JauN/., of Physiol. 32. 175 (1905). 

3 E. Friedmann, Hof1r.eistds Beitr. 4. 486 (1904). 
" Agn~~ Kelly, ibid. 5. &71 {HI04). 
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The Stereo-Chemistry of Amino-Acids 

The first invostigations into the stereo-chemistry of the 3-carbon 
compouuds have heon made by Xeubcrg and Silhermann,l who h,tve 
endeavoured to throw light on the inter-relationship of amino-:tcids 
and glucose. The following 3-carbon compounds are of especial interest, 
as the first four are primary dissocilltion products of albumins, whil€' 
lactic acid is also probably a derivative of alanin:-

1. Alan11} Cll, laetic acid CH3 

I I 
CHXH, CHOn 
I I cacm COOH 

') Serin CIJ,OH diamino - propionic CH,1'IH, 
I acid I 
l'llXH, CH.1'IH2 

I I 
I 

COOH COOH 

CH,NH, I isoscrin TH21'1H2 

<'HflH CHOH 
I I 

COOH COOH 

4, Pl'otein-c~'stcin CH,8H 
I 

glyceric acid CH,OH 
I 

CHNH, CHOH 
I I 
COOH COOH 

The configuratiyc inter-relationship of the lrevo-rotatory aldehyde
glyceric acid to the lrevo-rotatory glyceric and tartaric acids Neuberg 
and Silbermann give as follows :-

,.glyceric acid. 

OCH 
. I 

-<---HCOH-+ 

I 
COOH 

l-nluehyJ.& glyceric acid. 

COOH 

I 
OHCH 

I 
HUOH 

I 
COOH 

l-tartaril: acid. 

I C. Ne~~rg amI M. Siiher!l1~nn, Zeitscltr.,/:physiol. Chem. 44. 134 (1905). 
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The Quantitative Composition of Albumins 

"\Vhen estimating the percentage-amounts of the different disso
ciation-products found in individual albumins, we must exclude 
:tIl substa.nces \yhieh are formed secondarily. Of the Euhst.:'111CeS 
enumerated in the list on p. 2i we may assume that they are pro
formed in the albumin-molecule. 

As to whether this list includes all the substances existing 
primarily in the albumin-molecule cannot be decided as yet, because 
up till now none of the higher albumins has been dissociated 
qnantitatively. "To cannot account for more than 72 per ceut of 
globin, 73 per ceut of fibroin, and 58 per cent of edestin, while Kossel 
and Dakin 1 can account for the wbole of the protn.min salmin. 

The composition of the protamins, which Kossel l regards as the 
simplest albumins, has been put into tabular form by him. 

TAfll.E f;R(IWING THE C":\II'Oi'ITIOX OF THE I'W}'I'.\)lI)I~ 

Alanin + + 

I 

Seriu . . . . . . 0 + 0 I Amino·valerianic acid. . . 0 + + 0 + 
Leucin. . . . . . 0 0 0 + 1 
Diamino-valerianic acid (ornithin). + + + i + + + 

i Diamino-ca}lroic acid (lysin) . 0 0 0 i + i 
0 + + 

Histidin . . . . i 0 0 0 + 0 0 0 
i o.-Pyrrolidin-carboxylic acid I + + 0 1 , ? 

Tyrosin. 0 0 0 + + 
Ures. + + + + + + i Tryptophane. 0 0 0 0 0 

i I 
--------- - -----~---~~--------

The ordinary albumins Jiffer from the protamins simply in possess
ing larger accumulation~ of mono-amino-acids. Substances, such as 
leucin, t.yrosin, alanin, serin, and diamino-caproic acids, which occur only 
;poradicaUy in the protamins, are always present in albumins, which 
in itself renders the albumin molecule more complex than a protamin. 
rhis complexity becomes, however, still greater hy acids occurring in 
the a1bumin, which are a1together absent in the protamins, namely, 
;he dibasic amino-acids: glutaminic acid and aspartic acid. 

1 Paper read at Brit. Ass. for Adv. of Science, Cambridge, 1904, and in Berliner 
'din. lVodtenscA. No, 41, Oct. 1904, p. 1065; also in Zeitschr. ,: phylJiQI. (}hem. 44-
142 (1905). 

F 
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l\Iieschcr and Schmiedeberg 1 were the first to suggest that pro
tamin is formed from histone or I Kerna1bumose,' as they called it, 
by a splitting off lcucin twd tyrosin. Kossel and Kut,,scber,2 Ehrstr&m,3 
and Kassel ~ lllwe evolved tbe conception, tlw,t ",-"hi Ie in the salmon, the 
albumin is converted into histone and the latter into protamin, the 
change in the coJ stops short at the histone-stage. 

By this change of alhumin into protamin the mono-amIno-acids are 
removed, while reversely during poisoning with phosphorus, the hex one
bases or di-amino·acids are eliminated. 

The nUclCltr proteids will be dealt with later, but att{lntion may 
he dl'f),WIl here to the fad pointed out by Kossel, that the cell-nucleus 
is especi<~ll.r rich ill a,tomic cllains, built up of alternate carbon and 
nitrogf'll atoms, as, for example, in the 

Imido-a:wl ring. Pyrimii.ll!J ring. Argiuill. 

x-c 
c': I 

'N-C 
flu the alloxur basei:, ; pr()bal)ly 

also jll histidin.&J 
(in tlH' alloxur bases, in uracil 

thymin, cytosin.J 

is 
I C-x 
I 
N 
I c 
I 

Because of the part which nuclei play in the new -fonnation of 
organl!: tissues, Kossel believes these nitrogen-carbon chains to he 
concerned in synthetic processes. He holds that they are either the 
machinery which makes the amino-acids, or that they are intermediate 
products on the rood towards amino-acids.. The histological proof 
that the nucleus is concerned in synthetising albumins was br'ought 
forwa.rd six years ago in the p!l.pel's of L. H. liuie, working under the 
a\lthor's c.'\re in the Physiologj_ca1 Laboratory, Oxford.6 (See also p. 2.) 

If we take into account that the isolation of the mono-amino-aeids 
-which fQI'm the main bulk of the alhum.in-molecule-is accompanied 
by considerable loss, we must not overlook the possibility of new un
discovered groups existing in the albumin-molecule. Amino-butyrlc 
acid has already been mentioned, and E. Fischer throws out occasional 
hints as to the existence of unknown substances. Great surprises are, 

1 Miescher aud Echmiedeb'erg, Arclt. f. exp. Patlwl. 11. Ph(1/rnwk. 87. (1896); 
mescher's Nis(lJdwmische midpll.ysiolagisch.e Aroeiten, pp. 41'2-418 (1897). 

oJ K~l and Kutscher, ZeitlJCkr. f, pkysiol. (Jheyn. 81. 165 (1900). 
s Eh~,~;82. 351 (1901). ~ KIJ,;sel, ibid. 44. 342 (1905). 
~ P&tllyr'_Ar~ f. phy&Wl. C'ke1)t. a:2. 5(18 (1904). 
6 Lwy fI. Hule, Quart. J01.(r1t. of Micro8e. Science, 89. 387 (1B96-9iJ, and 42. 203 

p.~ • . 
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however, hardly in store for us, because the discovery of indol·amino
propionic acid, of phenylalanin, and of cystin allows us to refer all the 
secondary dissociation·products directly to the known primary ones. 
The only possibility which suggests itself is that, in addition to sel'in 
01' amino-oxy-propionic acid, tetra-oxy-atnino-caproic acid, and diamiIlO
trioxy-dodecanoic acid, yet other oxy-acids may be discovered. If we 
take globin, which has been dissociated more than any other alhumin, 
as Itn example) we find, on addiug together all the known dissociu,tioll
products (after deducting the corresponding amounts of water), that tbe 
sum-total shows a deficiency in oxygen and an excess of' carbon aud 
nitrogen. Therefore certain compounds must exist in the albumin· 
molecule, such as oxy·amino·acids or carbohydrate radicals, which are 
richer in oxygen. • 

\Ve are as yet imperfectly informed as to how the kuowll dissocia
tion·products are distributed over the individual albumins. Kossel 
and Dakin 1 fouIld, for example, that arginin in .certain albumins 
amounts tc more than 83 per cent of the total amount, while in others, 
such as maize·albumin, it is present only to the extent of l·S per cent. 
Kossel and Soare, in the same paper, point out further that the 
a.mount of arginin vl'Lries even for the different albumins of one _ and 
the same muscle. The arginin fraction amounts to 2·49 per cent in 
the albumins which are readily precipitable by ammonium sulphate, 
while in the non-precipitable albumins the fraction only amounts to 
0·64 per cent. Lysin is even completely absent ill the alcohol-soluble 
albumins of wheat and maize.# In the protamins only 4 to 5 out of a. 
possible of 17 to 18 primary di.ssociation-products are found, as has 
already been expressed in Kossel's table given above on p. 65. 
Ammonia and the hexone bases have been determined most fre~ 

quently, and their values have been ascertained most accurately 
The systematic pl'eparation of mono-amino-acids according to E. 
Fischer's method has been carried out, so far, only in the case of a 
few albumins, and even in these cases only minimal values have been 
obtained. All the older. estimations of the mono-amina-.a.cids, except 
those of aspartic and glutaminic acids and of tyrosin, are of but little 
value. 

Siegfried 2 has further raised the question as to whether we have 
any right to assume the dissociation-products to be preformed. He 
believe, if we were to add together the whole of the C and tbe N of 
all such dissociation·products as can be obtained by actin~ for example, 
on any given albumin with hydrochloric acid, that the sum·total of 

1 A. Kossel, Berliner Hilt. Wvch.m.&d", No.4], Oct. 1004, p. 1065. 
It M. Siegfri~, lJer. d. Sii.chs, Gu. d. WiBs. zu Ldpdg, 1903, p. SI). 
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the C allu the N of the dissociation-products w-ould not correspond 
with the amount present in the native albumin we are examining. 
H It is more probable, judging by analogy, if we take wen-known 
pl'ocesse15 of dissociation of 'complex hodies into consideration, 
that, although not in every case, yet ill UlallY inst<l.IlCe" the albumin
molecule mily at one time split in one direction, and at another 
time in a different directioIl, so that the sum of the C-atoms 
of all the dissociatioll- products IDay he greater than the nnml)er 
of ('-atoms of the mother suhstance." Fact!'" however, do not seem to 
bear Ollt this contentlon. Siegfried 1 himself found OJ! dissoci<lting 
kyrin hy means of hydrochloric anti sulphuric acids the same values 
for lysin! arginin, and the mono-amino-acids. Kassel and Kutscher 2 

also fonnd no difference when they employed either hydriodic acid or 
3;1 pcr (:cnt or 4 -; per cent sulphuric :wid. E. Fischer 3 found 011 dis

sociating caseiH with sodium hydrate solntion approximately the same 
amonnt, of u-pyrrolidin-carhoxylic acid as after 11 dissociation with 
hydrochloric acid; Cohnheim" ohtailH,d similarly on dissociating muscle
albumin by means of cl'cpsin exactly the samE' amount of :llnmonia as 
did Hart:' on boiling with sulphuric acid. Schulze and 'Yintersteiu/ 
Kossel alHI Putt,en,; and Abderhaldell S give for the hexane-bases of 
edestin Y<lInes which closely resemble one another, altho1.1gh some 
used hydrochloric acid while others used sulphuric acid. The yield 
of tyrosin, which Reach 9 obtained after tr;rptic digestion of casein, amI 
Cohn 10 after treatment with acids, is in both cases identical. "\Yithin 
the elTors of experimentation, the glutamin and asparagin yalnes of zein 
agree perfectly, notwithstanding that Langstein 11 used hydrochloric 
acid, while Kreusler and Ritthausen 12 employed sulphuric acid. 
Schulze and \Vinterstein 13 have also pointed out that the dissociation 
of the reserve-material of germinating plants by means of ferments, 
yields qualitatively and quantitatively the same substances as when 
8eids are used. Only Goto l~ fOl1nd certain differences when working 

1 M. 8il'gfriell, Ber. d. 8iuk~. Ga., d. lriss. ZII 1903, Jl. 85. 
:l A. Ko~"d awl F. Kllts~her, Zeit~:thr . .f.l)hy,9iol. 31. J65 (1900). 
'; E. Fischer, ibid. 35. 227 (1902). 
4 O. Cohnlleim, -ibid. 35. 134 (1902). :; E, Hart. ihid. 33. 31.i (1901). 
!; E. Sehulzt;' nud E. Winterstein, ibid. 33. 547 (1901). 
7 A. Kossel and A .• 1. Patten, ibid. 38. 39 (1903). 
to E. Abuerllalden, iJ,id. 37. 499 (1903). 
9 F. Reach, l'irchow's Arch. 158. 288 (1399). 
ll-' R. Cohn, ZeitllChr./. p)q/irial. Uncm. 22. 153 {1896). 
11 !to La~p, wid. 37. 508 (1903). 
12 H. ~ aud U. Kreusler, Journ.j. prakt. C'Mm. (2) 3. 314 (1871) 
1:1 E. ~-.and E. Willter~tei11, Zeitscln·.f.1J}tl/siol. Cltem. 35. 299 (1902). 
14 M. Hoto, lit/d. 37. 9,1 (1903) • 
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with clupein. The differences which used to be brought forward of old 
htHte rapidly become less and less marked with the imprO\'ements in 
Ollr methods. 

Quite apart from a certain unreliability in our methods, we have 
to de:ll with another much greater difficnlty ill making quantitative 
determinations, namely, the difficulty of obtaining a pure uuiform 
material on which we can experiment. In organic chemistry the 
most important characteristic of a pure and uniform suhstance is its 
power of crystallisation. The only crystalline albumins we know of 
are h:emoglobin, serum-alhumin, egg-albumin, ichtbulin, all(l a numher of 
vegetable albumins. It will be pointed out, however, in Chapter VIII. 
that we cannot consider crystalline albumins in every case to be pure 
. .,;ubstances, inasmuch as \richman1J 1 and Schnlz tind Xsigmondy ~ 
han~ shown how readily albumins absorb impurities, and with what 
tenacity they retain them. According to Schulz and Zsigmondy it is 
necessary to recrystallise (,gg-albumin five to seven times to obtain it in 
~L p\lre state. The impurities in question arc by no means small in 
amount, for Abderhalden:1 found that hrernoglobin which was crystallised 
twice contained no glycocoll, while after the first recrystallisation 
there ,,,as still present 0'62 per cent of glycocoll. This difference he 
explains as due to an admixture of serum-g1obulin. As serum-globulin 
contains 4 per cent of glycocoll, there must he present in oxyhrema
globin after the first recrystallisation 15 per cent of serum-globulin. 

Amongst non-crystalline albumins those precipitable by acids, 
namely, casein, mucins, etc., are the purest, while the others can only 
be classified according to differences in solubility and in precipitability 
by the salting-out method. For this reason serum-globulin is believed 
to contain 1, 2, 4, and 6, and wheatrglutin 1, 3, and 4: different 
su bstances. 

\Vhat difficulties arc met with in using the salting-out method is 
described on p. 184. 

In Cobnheim's tables on pp. 70-75 only well-ascertained figures are 
given, and when these were not available, the occurrence ( + ) or absence 
( - ) of a substance is indicated. For the mono-amino-acids only those 
ya1ues have been given which have been obtained with pure substances; 
in no case have values been included which were determined from crude 
substances (' Rohfraktion '). If several reliable estimates were available, 
then the one giving the higher value received preference. 

1 A. Wichmann, Zeitschr. j. physiol. OMm" 27. 575 (1899). 
2. F. N. Schulz and R. Zsigillondy, HojmIJi.<;ter's Be-itr. 3. 137 (1902). 

3 E. Abderhalden, Zeitsdtr. f. plt!ltncl. Clwm. 87. 484 {19081. 
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~ E. Fischer, P. A. LaVelle, and R. H. Adez;s, ihi4. 35. 70 (1902). 
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l'.l L. La.ngstein, ibid. 37. 508 (1903). 
IS E. .Abderhalden and W. Falta,. ibid.. 39, ]43 (1903). 
t~ E. Fischel', ibid, 39. 155 (1903) • 
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Marbltrg, 1899. 

00 E. Hart, Zeitschr. /. phyWI. ahem. 33. 347 (1901). 
, 71 A. Kossel aDd A. J. Patten, ifrid. 38. 39 (1903). 

:JIj M. Goto, ibid. 87. 94 (1902). 
29 A. Kossel, &:r d. deutsm. chan. (Jes. 34. iii. 3216 (HW1). 
:KI G. Wetzel. Ztitschr.j. physi,ol. Che1n. 26. 535 (1899). 
31 E. Schulze and E. Winterstein, ibid. 28. 459 (1899). 
3'l E. Sobu~ and E. WinteTStein, ibid. 38. 547 (1901). 
3;1 F. Kutscher. ibid. 88. 128 (1899). 
'" L. La ... tein. il>id. 81. 49 (1900). 
M F. Hofmeister, Ergebni3.s.e d. Phya. 1. I. 759 (1002~ 
3$ R. Cohn, Zeitschr.f. pk1lBioi. f!kerll. 22. 153 (1896). 
::n H. Ritthauaen &IUl.t1. Kreuslet, JQUrn./. prcrJd. Chcm., N.F., 3. 314 (1871). 
*' S. Radziejewski and E. SaIkowski, &r. d.lktttack. chen~. Gu. 7. 1Q50 (1874). 
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s; A. Kossel and Dakin. Communicated privately by Kossel to C'ohnheim. 
118 R. Schroder, /lofmeister's Bdtr. 2. ;.toO (1902). 
S9 A. Kossel, Zeitschr. J. phllsiol. CJMin. 40. (1903). 

7. 

I +Tr 
i +" I 

00 G. Wetzel, ibid. 26. 535 t1899); 29. 386 (1900); Zentralhl. f. Physiol. 13. 
No.5 (1899). 

91 K. A. H. Monler, Zeitschr.f. physiol. UIIh1I. 34. 207 (1901·2). 
911 Emil Fischel' and E. Abderhalden, ibid. 42. 540 (1904). 
lM Emil Alxlerhalden a.nd A. Schittenhehll, Wid. 41. 293 (1904). 
9! Emil Abderhalden and Franz Samuely, ibi¢.44. 2;6 (1905). 
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The Nitrogen Radicals of the Albumin-molecule 

To facilitate the difficult quantitatiye estimation of dissociation
products, at,tempts have repeatedly been made to determine at least 
!:iome of the groups quantitatirely. The most important method in 
this respect is that which was 'mrked out by E. Schulze,l Hausmann,:! 
and otbers fot the determination of the different forms in which 
nitrogen is present. 

Hausmann's method of studying the distribution of nitrogen in the 
proteid-molecule consists of the following operations :-

1. One gram of the snb::;tance under investigation is dissociated 
with boiling hydrochloric acid. 

2. Tbe nitwgen which has been split off us ;lmmonia, awl whidl 
is present as ammonium chloride, is distilled off with ma,gnesia. 
This ~. is the so-called' amid-nitrogen,' , ammonia-nitrogen,' or 
, readily displacealle nitrogen.' (It is absellt in the protamins.) 

3. The fiuid, freed from ammonia, is precipitated "\yith phospho
tungstic acid. and the nitrogen present in the precipitate is 
determined by Kjeldahl's method. This nitrogen.is the' <1i
amino-nitrogen' or . basic nitrogen' of arginin, lysin, and 
histidin. 

4. The nitrogen \"hieh is not driven off hy magnesia, and "\vhieh 
is not precipitated by phosphotungstic acid, is then deter
mined by Kjeldahl's method as the' mono-amino-nitrogen.' 

Against this method FriedmalUl,3 and particularly Kutscher,; have 
raised the objection, that the phosphotungstates of the bases are not 
insoluble, and that the bases are readily soluble in an excess of 
phosphotungstic acid. As the latter is used for washing out the bases, 
too low values are obtained for the bases, and these values differ also 
according to the way in which the washing-out process is performed. 
1~. Fislier and Abderhalden 5 have recently overcome this difficulty 
in not washing out the phosphotungstic acid precipitate at all, but by 
pressing it out under a hydraulic press. But whether this method 
is practicable has still to be determined. Kutscher 6 has investigated 
casein hy Hausmann's method, and lias arrived at the conclusion that 

1 E. Schulze and E. Winterstein, Ze'itsr:;hr. f. physiQl. CheJlt. 33. 574 (1901),35. 
210 (1902). 

2" 'N. IJau81lloi1lIl, ibid. 27. 95 (l899), 29. 136 (1900). 
:I E. Friediaann, ibid. 29. 50 (1890). 4 F. Kutscher. wid. 31. 215 (1900). 
:; E. Fischer and E. Abderhalden, ibid. 39. 81 (}903). 
6 Compare with Hausmann and Kutscher, l.c. F. ]I{1iller aud J. Seemann, Deutsch. 

md. l.V~ IB99, p.209. 
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t.his method does not giye reliable results. This view is, however, not 
shared by Osborne and Harris, 1 who beJieve Hausmann's method to be 
a good one, and the same conclusion Gumbel 1ms arrived at. The 
method has also heen used by Schulze 2 and Pick.:} 

The most recent and a very thorough investigation is that of 
Gumbel;' which is based on the work of Osborne and Harris.I Gi.iInbel 
discusses the value of this method for determiniug the three groups of 
nitrogen-radicals supposed to exist in the albumin-molecule. 

1. A'!IIIn-:QTROGEN-DETElnnNATlo-x 

Gumbel tabulates the results which variou" authors have ohtaincll 
and shows how closely thf'y agree :-

Ant]lor. 

TABLE 1. 

S\\h~t.'lnc,'. Arid u~erl. 
, 

- ,-- - - "-- ----- I 

r! Edestill ,Saturated 1101 ! 
1,: of hemp-seed I " HCI 1 

J' Hel" It 5-40' per eent L 

Oasein 

! 1',BO, J ~ 
! :WpercelltHOl i 

1_,-

i Saturated HOl i 
I " HCl I 
IHClotl, Hlsp_gr,: 

I 20p""ntHCl I 
f 5-·10 'Pf'f cent ~ ! 
~l H2S0~ J: 

l'S8 

7-10 1-&8 

7-20 
5 
6 

7-10 

5-20 

The amid-nitrogen can therefore be determined accurately bj 
Hausmann's method, as long as we do not forget that albuminou! 
substances, which are not readily attacked by acids, especially wea] 
ones, require boiling for a longer time than do those albumins whicJ 
part easily with their amid-nitrogen. That, on the other hand! excessiy 
action of concentrated acids, e.g. H2SO,p for very long periods wi 
induce secondary changes is also evident. The exact time at whic 
all the amid-nitrogen has been split oft' may be -determined either b 

1 T. B. Osborne and J. F, Hartis, J(tlun. Am.er. ('[,ern_ SOc. 25. 3~3 (1903). 
!l E. Schulze, Zeitsdlr. J. pays!'ul. Chait. 25. 360 (1898). 

~ E. P. Pkk, ibid. 28. 219 (1899). 
4 Th.emlor Giilllhe}, lJrifme.i.stt:r's Beitrilgc, 5. 297 (l904). 
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following Hausmann's directions, namely, to continue the boiling till 
no appreciable alteration in the amid-nitrogen-value occurs; or by 
showing that the biuret-reaction is no longer obtainable, a plan adopted 
by Osborne and Harris. 

Gumbel adds olle more precautionary measure: Embden has found 
that cystin gives off considerable amounts of ammonia if it is boiled 
for a long time with magnesia, while no ammonia is given off during 
the distillation with magnesia if the distillation ill done in vacuo at a 
temperature not exceeding 40_42°. Distillation at 40° is the safest, 
because Schwarzschild 1 bas shown that at this temperature even 
readily decomposable acid-amides, such as asparagin, are not affected. 
The distillation at low temperatures is especially indicated when sub
stances rich in cystin (ha,ir, horn, etc.) have to be inyestigated. A 
possible sonrce of error is further the formation of melanin as 
shown below. 

2. DI-AMINO-~ITROGEN-DETERl'tII:NATIONS 

Hausmann's method is not so perfect for the determination of 
di-amino-acids as for mono-amino-acids, because 

1. The phosphotungstates of tht> di-amino-acids are not 'absolutely 
insoluhle, and therefore the values obtained by Hausmann's 
method must be too low. 

2. MODo-amino-acids in concentrated solutions are also apt to be 
precipitated by phosphotungstic acid. 

3. The nitrogen of the melanins (humin-substances) is estimated 
along with the di-amino-nitrogen, and therefore increases its 
value. 

Sub. 1. The solubility of arginin-phosphotungstate, according to 
Gulewitsch, 2 is as follows: On precipitating a solution of arginin
sulphate with phosphotungstic acid, there remains in solution, if 
sufficient ,phosphotungstic acid be taken, about 0'07 grro. in 1 litre of 
fluid (1 :'14,000); while if the phosphotungstic acid is in insufficient 
amount, the loss amounts to 0'2 grm. per litre (1 : 5000). 

Gumbel determined experimentally the solubility of arginin, as it 
is set free during Hausmann1

8 process. He made a 1 : 700 solution of 
arginin chloride, corresponding to 0'1l8 per cent arginin, and added 
varying amounts of phosphotungstic' acid. He found the precipitate 
to be most readily soluble in water, less in a mixture of dilute Hel 
and ph~pb.o~tic acid, and !\till less in the latter mixture, if the 

3ehv.'Jl.W!chUd, Hofmeister's Beitrage, 4. 155 (1.904). 
:}ulewitsch, Zeitsckr, J. ph,!/lYiol. Ckelll. 27. 195 (1899). 

" 
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precipitate was allowed to stand for twenty-four hours before it was 
mixed with the diluting fiuid, because during this time the originally 
flocculent precipitate becomes crystalline. The phosphotungstate 
precipitate of arginin, of 0'00118 grm. (= 0'00038 grm. nitrogen), 
passes into solution only after 26-30 cern. of phosphotungstic acid 
have been added, i.e. after a dilution of 1 : 22,000 to 1 : 25,000. In 
Hausmann's process, in estimating the nitrogen of 1 grm. of albumin l 

the volume of fluid dealt with amounts to 80 cern., and in this quantity 
there will remain in solution 0'0035 arginitl (= 0'001 grm. nitrogen), 
which, if we take the arginin-content of the albumin-molecule to equal 
10-20 per cent, amounts to a loss of 1-8 to 3'5 per cent. If the 
precipitate be washed for a long time, the 103s may amount to 10 
per cent. 

Lysin behaves quite analogously to arginin. 
Histidin reacts, however, quite differently. It is readily pre-

cipitable by phosphotungstic acid, but redissolves if there be a trace of 
excess of phosphotungstic acid, provided the solution is concentrated. 
If, how~yel', the solution of phosphotungstic acid is very dilut,e, then 
an excess of the acid does not dissolve the histidin-phosphotungstate 
precipitate. Therefore have 1 part of the diamino-nitrogen to 1000-
1500 celli. of solution. If the histidin has not been completely pre
cipitated, then a precipitate will be found on diluting the filtrate or 
on adding some more dilute phosphotungstic acid. 

If the rules laid down above are followed out, the error in the 
estimation of the total di~amino-nitrogen will amount to 5-10 per cent, 
i.e. instead of 4 per cent di-amino-nitrogen only 3'6-3'8 per cent will 
be obtained. 

Sub. 2. Kutscher's objection to Hausmann's method, on the ground 
tha.t mono-amino-acids are also precipitated by phosphotungstic acid if 
they are in very concentrated solutions and in the presence of very 
strOllS- acid (Stolte 1), is w.ell known j but mono-amino-acids in 0'5 pe~ 
cent strengths are not precipitated, and inasmuch as this percentage is 
not exceeded if Hausmann's directions as to dilution to 70-80 cern. are 
followed out, Kutscher's objections to the method are groundless. 

Phenylalanin and cystin must also be taken into consideration, 
especially since Schulze and Winterstein 2 have recommended phospho
tungstic .acid for the separation of these amino-acids. Gumbel points 
Qut, however, that a.ccording to "Tinterstein 0'1 grm. of. phenylalanin 
in 50 cem. of water is no longer precipitated by phosphotungstic acid, 

1 Stolte, Hofmeister', &it"rilge, 6. 19 (lg04). 
2 Soo.ulze and Win~rstein, Zeitschr. j. physiol. Ohern. 209. 155 (1901), a.nd 33. 

314 (1902). 
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and as more than 0'2 grm. of this mono-amino-acid is not present in 
anyone albumin, its presence does not vitiate the results of Hausmann's 
method. Cystin, according to Morner,l is not precipitated in a hydro
chloric acid solution by phosphotungstic acid, while according to 
"Tinterstein it, is precipitated from a dilute sulphuric acid solution. 
Judging by experiments carried out in Hofmeister's laboratory, 0'05 
per cent cystin prepared from egg-white is not precipitated by phospho
tungstic acid, if a, large exces~ be avoided, and tlmrefore the cystin-factor 
may al~w be neglected as cystin occurs in most albumins in very minute 
quantities, and even horn-filings, so rich in cystin, do not seem to have 
given Gumbel any difficulty. 

Suu. 3. Melanins are related to the indol-forming radicals of the 
albumin-molecule (8anlll.cly 2), and therefore to the tryptophane-grouping, 
and hence Hansmann holds that the melanin which is precipitated by 
phosphotungstic acid, and which contains 0'16 per cent N. (i.(;. a little 
more than 1 per cent of the tot.,1,l nitrogen) increases by this amount 
the reading in the di-amino-fmction. It has been shown, however, 
hy 1.5dni,nszky 3 and Samnely, that nitrogen-containing h11min-snb
stances are formed when carbohydrates are boiled in the presence of 
amides or ammonium salts, with acids, and therefore, at present, ",ve 
are not ill a position to tell whence the nitrogen in the melanin-fraction 
is derived, and therefore it is best to follow Osborne and Harris and 
Gumbel, and to make sepa,rate determinations of the melanin-nitrogen. 

:l MOXO-AMI~O-NITROGEK-DETER)nNATIO~s 

The values obtained depend on the care with which the di.~amlno
fraction has been determined. As was pointed out above, some cli
amino-nitrogen always remains in solution, and this amount is sufficient 
to raise the value of the total mono-amino-fraction 1 to 2 per cent, i.e. 
instead of 60 per cent of mono-amino-nitrogen one may get as high as 
61 or 62 per cent. 

This mono-amino-fraction is not a,lways readily determined, because 
Kjeldahl;s method is difficult to apply owing to the high percentage of 
salt present, but it should always be dctermin~d, to see whether the 
total-nitrogen equals the sum obtained by adding up the amidoN + 
di-amino-N -+ mono-amino-N + melanin-No 

Gumbel gives for crystalline serum-albumin and edestin of hemp
seeds, casein, keratin, and cartilage 'the following '''Rlnes1 including 
those obtained by Hausmann and Osborne and Harris :-

1 Mornel', ibid. 2S. 603 (1899). 
2 Baruuely. Hofmeister's Beitrltge. 2. 355 (19~.3). 

II Udd.nszky, Zeitsdor.j.physiol. Chen~.12. 3S9 (1888). 
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TABLE II. 

Substance. Observer. 

Serum - albumin (mmbel 
with 14'60 P" 
cent Nitrogen ., th' mean 
mea.<JuremeLlt 

~~~--

Etlestin from hemp- Hausmann 1'90 7'07 10'19 
seed I 

Osbome and 1-88 0'12 I 5'91 10-78 
Harris 

! 
! Ca~'ein, 

Gumbel 1'79 0'29 0'50 10-51 
mean Kutscher I-oj 0-23 3'87 10-]4 

measurements 
Osborne and 1'65 3'46 

Harris : 
Gumbel 1'64 0-31 , 4-25 9'82 

~..,---.-

Ke;'atin, 
Hlillsm:mn 2']0 }-M 1] '93 

mean Gumbel 1'17 0'42 2'95 11-81 
measurements 

: Cartilage . . Gumbel 1-35 0'36 1'35 7-95 
I Chondra.sulphuric_ Gumbel 0'85 0'23 0'7' 0'52 

acid 

The inter-relation of cartilage and its component parts, r.amely, 
gelatille and chondro-sulphuric-acid, is well seen in the following table, 
in which, in each case, the total nitrogen = 100 per cent :-

j i Amid·N. 1 Melanin-N_ I Di-amino-N. I MQllo-a.mino·~, 

1

·----,-------

i Cartilage . . . 12'27! 3'27 12'27 

I

; Gelatille(H_ausmann) 1'61 '--3;'-8~ 
Chondro· sulpha.te of 35'27 9'54 I 32'7.8 

potassium 

i 

62'56 

72'27 

21'57 

Hausmann's method, notwithstanding the inaccuracies in the di
amino,..fraction, gives results, in the hands of Osborne and Harris 1 and 
of Pick,2: which show that differences in the construction of the 
albumin-molecule can be revealed, which by ordinary analysis would 
l'emain hidden, 

Sorensen and Andersen 3 drew attention to the fact that if lower 

1 Osborne and Hanis, JmJ!T'?U.£l oftM Amer, Chem. Soc.. 25. 
, E. P. Piok, Zeilu.M-.j. ph.""". ()Ium. 28. 219 (lS99). 

a S. P. L. &kenstm and A. C. Andersen. ibitJ., 44. 429 (1905). 
G 
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values in nitrogen-determinations are obtained by Kjeldahl's than by 
Gunning-Arnold's method when working with albuminous substances, 
that these contain either ring-like nitrogenous compounds which are 
not decomposed, such as pyridin or piperidin-compounds, or substances 
vrhich by undergoing rin~-forroation giye rise to pyridin or piperidin
complexes. 

Effront 1 has pointed out that 'amides, imides, nitril bases, acid
nmjdes, a.nd amino-llcjds react at ordinary temperature on alkaline hypo
chlorite, and that thereby a loss of chlorine occurs which is propor
tional to the weight of the added substance.' 'Ammonium bases do 
not react with the hypochlorite solution.' The chlorine is estimated 
with an arsenious acid, As20 S' solution. The total figures obtained for 
egg-albumin, casein, 'Vitte's peptone, etc., differ considerably from 
those given above. 

Halogen-substituted Albumins 

Oswald Z has drawn atteutioll to still another characteristic of 
::tlbumins. It is possible to substitute halogens for the hydrogen-atoms 
of such aromatic nuclei itS phenylalanitl, tyrosin, and perhaps trypto
phane (see Chapter VII.), and therefore the amount of halogen which is 
taken up by an albumin is a measure of the amount of aromatic nuclei 
present in that albnmin. Casein contains i per cent tyrosin and 
phenylalanin, and at least 1'5 per cent tryptophane, while gelatine 
contains no tyrosin or tryptophane, and only 0'4 per cent phenylalanin. 
Correspondingly we find the casein-iodine compound to contain 11'43 
to 13'45 per cent of iodine, while the gelatine-iodine compound con
tains only 1'34 to 2'0 per cent iodine. As long, however, as we do 
not know how many atoms of iodine are actually taken up by each 

~()f the a.roma.tic nudei, we -can, of course, only ma.ke 8pproxim8te 
estimations. See further p. 230 . 

.B. OTHER DISSOCIATION-PRODUCTS NOT YET CLASSIFIED 

Up till now only those dissociation-productfii have been enumerated 
of which we know definitely that they are primary ones, and the 
.constitution of which is also sufficiently known. In the following 
pages are enumerated some substances which have not been definitely 
identified, or of which it is doubtful whether they are ~ormed directly 
from a.lbumin or only secondarily out· of those primary substances 
described above. 

J. Etfront, Be.r. d. deutsck. clte:m. Ges. 87. 4290 (1904). 
2 A. Oswald, Hofm,eister's Beitrage, III. 514 (1903). 
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1. Amino-butyric Acid, C.Hvl'W, ~ CH,. CH,. CH(NH,). COOH, 
or butalanin. Schiitzenberger 1 first de$Cribed it as one of the dissocia
tion - products to he obtained by heating alhumins under pressure 
with barium hydrate. E. Fischer 2 discovered in fibroin and in 
gelatine, by means of the ester-method, a body which probably was 
amino-butyric acid, but whicb could not be identified with certainty; 
and Levene 3 found it amongst the dissociation-products of auto
digested t-estes, 

2. a-Thiolactic Acid, C,H,SO, ~ CH,. CH(OH). CSOHCS(OH). 
(Lactic acid is: C3HuO, ~ CH3 • CH(OH). COOH). 

((-Thiolactic acid was prepared by Friedmann 4 from horn along 
with cystin and cystein, It cannot be regarded as a derivative of 
horn-cysteiD, as in the latter the SlI group is in the f3 position (compare 
p. 56). Loven [, prepared synthetically a-thiolactic acid from pyro-uvic 
acid (propanonic acid) CH3CO. COOH (Brenztraubensaure) and f3-thio
lactic acid from f]-iodo-propionic acid. Miirner 6 gives characteristic 
recl,ctions for both acids and also new methods for preparing them 
in a pure state, and he further states i that not only in serum-albumin, 
serum-glohulin, horn, and hair, but also in fibrinogen, egg-albumin, 
casein, and in the shen-membrane of hens' eggs, the whole of the 
sulphur is in some form of cystin (sec p. 56) and none present as a 
thiolactic acid. 

3. Pyro-uvic Acid, CHs ' CO . COOH, or Brenzlraubensiiure of 
the Germans, is, according to Morner,s a very constant, secondary 
dissociation-product of proteids. 

4. Diamino-acetic Acid, C,H,N,oz ~ NHz. CH(NH,). COOH. 
Drechsel 9 found it along v"ith other bases in casein, but its occurrence 
is denied by "\Villstatter 10 and Sorensen,11 as diamino-acetic acid pre
pared synthetically has quite different properties. 

D. Glucosllmin, C,H13N05 (for constitutional formula see p. 158). 
1 M. p. Schutzenberger, Bnll. de la Soc. chim. 23. 161, 193,216,242, 385, 433, 

24. 2, 145 (1875). 
~ E. Fischer and A. Skita, Zcitschr. f. physiol. Chern. 33. 177 (1901); E. Fischer, 

P. A. Lev(lue, and R. H. Ade1's, 1oul. 85. 70 (1902). 
3 p, A.. Levene, Amer. Jmtrn. of Physwlogy, 11. 437 (lfl04). 
4 E .. Friedmaull, Hqfmeistcr's &itr. III. 1$4 (1902). 
3 J. M. Lovtn, Jo·!tnt./. prald. ahem., N.F., 29. 366 (1884). 
II K. A. H. Mtiruer, ZeitscJJ.r-/. pkysiol. Chem. 42. 349 {l9(4). 
1 K. A.. H. Monler, ibid, 42. 365 (1904). 
S K. A.. H. 1\{o1'l1e1', ibid, 42. 121 (1904). 
11 E. Drechsel, Ber. d. Sifth,s. au. d. Wissensc!mjtea ;t·u Leipzig, math.·pAysil:. Kl. 

1892. p. 115. 
10 R. Willstatte1', Bel'. d. deutsch. chml1. Ges. 35, II. 1378 (1902). 
II S. P. L. Sorensen, Compt. rend. des fl'at'aux du Labo-mtoile de (fa1'lsbel'[/, 6. 1 

(1903). . 
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Its OCCUlTence in egg-white, and the so-called glyco-albutnins were first 
observed by Fr. .Muller.l Glucosamin is, however, according to 
Steude1 2 and Frankel,:! not a primary dissociation-product, but is 
formed secondarily out of a primary product. 

6. Galactosamin takes the place of glucosamin in the mucns 
forming the covering of frogs' eggs (Schulz and Ditthorn).4 

7. Kynurenic Acid, C,oH,NO, ~ y·oxy-,B.quinolin-carboxylic 
acid. 5 Liebig discovered it in the urine of dogs, and Glassner and 
La.ngstcin 6 hayc ascertained that, in the body, its mother-substance 
occurs a.mongst the alcohol-soluble, acetone-insoluble autodigestion 
products of the pancreas. After Camps 7 had shown that kynurenic 
acid was y-oxy-f3-quinolin-carboxylic acid, Ellinger 8 has proved ex
perimentc_~J1y that feeding dogs with tryptophane, or injecting it in 
dilute soda solution subcutaneously, leads to an excretion of kynurenic 
acid. 

Hopkins and Cole have founu that tryptophane ma.y be converted 
into an oxy-quinoIine derivative, having the formula C9H7NO, an 
obMrvation which Ellinger believes to strengthen his view that 
kynurenic acid is a derivative of tryptophane, and that tryptophane 
pOf3sesses an arrangement by means of which it is readily converted 
into a quinoline. Compare with p. 51. 

M--oG·· w u , .. 
NH 

Tryptophane becomes Kynurenic acid. 

On being heated kynurenic acid is converted into kynurin. 

1 Fr. Muller, Zeitschr.f. Bioi. 42.468 (1901). 
2 H. Stendel, Zeitsdtr.J. physiol. Chern. 34. 353 (1901). 
! S. Frankel, Mrmatsheltej. Chern. 19. 747 (1898). 
'" F. N. Schulz and F. Ditthorn, Zeitschr.J.physiol. ahem. 32.428 (J901). 
,_ For literature see: L. B. Mendel slld H. C. Jackson, Americ. Journ. qf Pkgsiol. 

2. 1 (1,~98) ~+ Joaepbsohn. lna'll1fUral Disserlaf:ion, Konig$berg, 1898. 
tI K.<~·-and L. Langstein, Hqfmei8ter's &itrii?e, II. 34 (1902). 
, R. ~ Jku,chr./. ph.sWl. 0Iwm. 88. 390 (1901). " 
8 "-I .... a.' Elting.", ibid. 48. 325 (1904). 

:\~ 
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8. Skatosin, CloHlON202' is a base which Baum 1 and Swain 2 
isolated from the autodigested pancreas; on being melted with 
alkalies it yields skatol, and hence its name. It is not identical with 
tryptophane, as the latter does not possess strongly basic properties. 
Skatosin hydrochloride contains 3 molecules of hydrochloric acid, 
which fact is still unaccounted for. It is a yellowish-white substance 
which melts and simultaneously decomposes between 3450 and 355°, 
Langstein 3 has isolated from serum-albumin, after prolonged peptic 
digestion, a body \\'-hich in its properties resembles skatosin. 

9. Lysatinin, C,H,3N ,02' Along with lysin, it was isolated by 
Drechsel,4 from casein as one of the first basic substances, but since 
Hedin 5 prepared arginin from it, it is generally supposed not to be a 
chemical individual but a mixture of lysin and arginill (see above, pp. 
37 and 3<'3)} or a double salt of these bases crystallising in definite 
proportions. Siegfried 6 states} however} that he has tried unsuccess
fully to prepare lysin or arginin from lysatinin, and therefore bclievca; 
lysatinin to be a definite chemical compound. As it is only formed 
nn dissociating casein ,vith hydrochloric acid and zinc chloride, but 
not if sulphuric acid is used} Siegfried believes lysatinin to be perhaps 
another base ,vhich has become secondarily transformed. 

10. Leucin-imide, C'2H22N20, 

C,H,-CH-NH-CO 
I I 
CO-NH-CH-C,H" 

is 3'6-di-isobutyl-2'5-di-acipiperazin (butyl alcohol ~ CH,(CH,),OH). 
Rittbausen/ Cohn,S and Abderhalden 9 sbowed its presence after 
dissociating proteids with acids} and Salaskin 10 after peptic digestion, 
but there can be but little doubt that it is formed secol:ldarily. 9 

Cnrtiua ll and E. Fischer,12 have pointed out that the derivatives of 
the amino-acids have a tendency to ]'ing~formatiDll, and that they 

1 F. BauIn, HojmeisteJr's Beitrage, 3. 439 (1903). 
2 R. E. Swain, ibid. 3. 442 (1903). 
~ L. Langstein, Wid. 1. 518 (l901). 
4 E. DJ'e{"hsel, Arch. f. (Anal. u.) Pkysid. 1891, p. 248. 
5 S. G. Hedin, Zeitschl'.j. physiol. Chem. 21. 297 (1895). 
6 M. Si9gfrled, ibid. 35. 192 (190~). 
7 H. RitthauBell, .h;iwe;isskiJrjHw der Geirei4ea1·ien, Bonn, 1872; Be'I".-tl. rleutsch. c!WII. 

G". 29. II. 2109 (1896). 
!! R. Cohn. Z('itadtr.f,pkllsiol. (//rem, 29. 283 (l9QO). 
9 E. Abderhalden. ibid. 37. 484 (1903). 
III S. Salaakin, ibid. 32. 592 (1901). 
11 T. Cul'tius and.F. Gobel, Journ.f..P'!"ald. Ohe:m. (2),37. 150 (1888). 
12 E. Fischer. Bm". d, deutsch. cMm,. Gu. 34. J. 383 (1903). 
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give rise to conlpounds analogous to glycocol1~anhydride; the forma
tion of such compounds is readily exp]ained1 for Abderhalden boils 
amino-acids for several houts with mineral acids and then esterifies 
them. This explanation does not hold good in the case of Salaskin, 
but peptic digestion is apt to g1\'C rise to bodies after the type of 
leucyl-leucin (see below, p. 127), and from the latter leucinimide ruay 
readily be formed.l Therefore the leucinimide, found after dissociating 
albumins with acilis, represents leucin whieh has been changed, and 
must be calculated [IS leucin and be adued to the latter. Its melting
point is 2i1 0. 

Componods analogous to leucinimide are formed probably also 
from the other mono-amino-acids, fol' the same reasons as leucinimide 
is formed from leucin, and they seem to have only escaped observation 
hecause of the f;maU amounts in which thev are formed. 

11. Prussic Acid, HeN. \Yhen Cllll;loying "Keumann's method 2 

for converting albumins into ash, Adors Plimmer 3 noticed the presence 
of silver cyanide in the precipitate of silver chloride. He found that 
fresJl1y precipitated silver cyanide is quantitatively converted into 
prussic acid, HeN, on being boiled ,"dth dilute nitric acid. After 
having destroyed the amino-groups of the albumin-molecule with 
nitrous acid, the same amount of HON was obtained as previously, 
and he therefore concluded I that the prussic acid originates from a 
decomposition-product which does not contain nitrogen in the form of 
amino-groups.' The same amount of prussic acid is obtained as with 
Neumann's method, if oxidation is brought about with potassium 
bichromate and sulphuric acid in suitable proportions, while' oxida
tion with manganese dioxide and sulphuric acid, potassium pennan
ganate and sulphuric acid, and concentrated sulphuric acid does not 
give rise to prussic acid, or in very sman amount only.' In a second 
paper 4 Aders Plimmer describes how the amount of prussic acid 
obtained by oxidation lvith chromic acid is in general greater than by 
oxidation with Neumann's nitric and sulphuric acid mixture. 

The mean-percentages of HON after oxidising with chromic acid 
are as follows ':-

Gelatine. 
Casein (hydrolysed) , 
Hremoglobin (Merck) 

2'751 Fibrin (Merck) 
1-25 "Titte's peptone 
1'13 ! Egg-albumin , 

1 Eo Fisch\JfJlnd E. Fourneau, Bej", d. deutsch. chern. Ges. 34. II. 2868 (1901). 
2 A. J:l~ln • .zeU8chT.I.ph'!ls-;ol. ahem. 37.115 (1902), ani143. 32 (1904) • 

I'll 
0'94 
0'88 

.a R. R Aders Plimmer, JOUr1t. if Pal/siol. 31. 65 (1904). Here too is given the 
older literature. 

4 8. H"·'.B Plimmer, iUd. S3. 51 (1904). 
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Oasein (Merck) 0'82 1 Pyrrolidinc-carboxylic acid 0'3, 
Glycocoll 1 ]']0 \ Arginin carbonate 0'12 
Aspartic acid 7'70 i Lysin hydrochlol'ide, O'JO 
Leucin 0'68 Glucosamin hydrochloride 0'01< 

Negative results Were obtained lvitb aJanlll, glutaminic acid, t;nosilJ, 
and tryptophane. 

The formation of prussic acid from glycocoll probably takes place 
over uitroso-acetic acid which, according to Cramer,l breaks down 
when heated to 120Q into prn~sic acid, carbonic acid, and water, thus: 

NH, ,OH,-OOOH + 20 ~ NOH, OH - OOOH + H20 
NOH, OH -COOH + hcot ~ HCN + CO2 + HP, 

Plimmer believes the fornmtion of oxamink acid as observed by 
Kutscher and Schenk, when they oxidised gelatine " .. itb calcium per
rnanganate, to be also explainable on the supposition that nitroso-acetic 
acid .:is tbe first oxidation-product of glycocoll, if, as v. Peck mann :! 
suggests, the nitrosQ-Rcetic ILcid undergoes the Beckma.nn rearrange
ment into the isomel'ic acid atnide, namely) oxaminic acid. 

NOH, Cli-COOH becomes NH" CO, COOH, 

The formation of prussic acid from aspartic acid is as yet unex
plainable. 

Humin Substances or Melanoidins 
The term' humin) was introduced in 1838 by Berzelius,3 as a sub

stitute for the expressions' ulmin J and 'geine/ which he had used pre
viously in describing certain deeply-coloured constituents of 'humus' 
or mould. 

Mulder then showed that albumins on being boiled ,,-,jth strong 
hydrochloric or sulphur~c acids separate off flocculi of a brown or 
black colour, which resemhle the deeply -coloured bodies seen in 
putrefying matter. 

These substances have been investigated later, especially by 
Y. Udranszky,4 Hoppe-Seyler,5 Schmiedeberg,6 and Samuely.1 Humin
substances are not only formed from albumins, but also from many 

1 C. Cramer, Be:r. d. dCMl$c! •• chem. Ges. 25. 715 (1892). 
2 H. v. Peckmann and K. Wehsarg, ibid. 21. 2991 (l888). 
3 Berzelius, Poggendrrrff's Ann. 44. Si5 (1888). 
4 L. v. Udranszky, Ze:itschr. J. physiol. Ohe1n. 11. 537, where the older literature 

is given; 12. 33 (1887). 
l'i F. Hoppe.Seyler, i'Qid. 13. 66 (1889). 
6 O. Scbmiedeberg, Arch. J. experiment. P«th. tt. P/w,rm. 39. I (1897). 
7 F, Samuely, Ho/meisterr's Beitrage, 2. 355 (1902). 
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other organic compounds, and in particular from carbohydrates. 
Hoppe~Seyler states that 25 per cent of cane-sugar may be converted 
into humin· substances in a few hours. The hmnin ~ substances 
prepared from sugar are, in their dry state, black or brown powders 
ba'\':ing a peculiar glitter. In water and acids they Me insoluble, 
while in alkalies a certain percentage becomes peculiarly slippery, 
while the greater percentage-Mulder's humic acid-is readily soluble. 
From such alkaline solutions they are precipitated by acids. Hoppe
Seyler gives for humin prepared from cane-sugar this percentage 
composition: 

c ~ 63·88, H ~ 4·64, 0 ~ 31·48. 

The high percentage of carbon and the low percentage of hydrogen 
is characteristic of all humin substances, whatever their source 
may be. They contain protocatechuic acid, in addition to which 
Udransky isolated, by fusion with alkalies, formic acid, oxalic acid, 
and pyrocatechin 1 : 2 Cf,H4(OH)2' Samuely further found pyl idin, 
C[OHfjN, and pyrrol, C4H,lNH. 

If, in addition to carbohydrates, ammonia or other nitrogenolls 
substances are in solution, then the hurnins combine with the 
ammonia and become thereby nitrogenous. Analogously, they may 
also take up sulphur and iron. For a preparation which was made 
by boiling serUlll albumin with 25 per cent hydrochloric acid, 
Schmiedeberg calculated the foilowing percentage :-

C ~ 66·27, H ~ 5·49, N ~ 5·57, and a little sulphur. 

F or another preparation, made from 'Vitte's peptone, 

C ~ 60·34, H ~ 4·86, N ~ 8·09, S ~ 0'96. 

Schmiedeberg lays special stress on the fact that the composition 
in the t\\·o preparations is not the same. Humin substances mv-e their 
existence undoubtedly to a secondary reaction. Schmiedeberg has 
shown tha.t tho greater part of an albumin-molecule absorbs water and 
then gives rise to amino~acids; but this change is accompanied by an 
accessory reaction, as is usually the case amongst organic bodies, in 
consequence of which 1 to 2 per cent of the albumin is transformed into 
a compound rich in carbon, but poor in hydrogen and nitrogen. Per
haps it is more probable that the dissociation-products, which are 
formed at first, undergo subsequently a secondary change, as held by 
Langstein 1 and Samuely. Amongs~t the dissociation-products may be 
mentioned : 

1. ~in and other carbohydrates. 

1 L. Laugstem, ZeU8chr. f. phy8iol. OMln. 31. 49 (1900). 
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2. Tyrosin, which, according to v. Furth and Schneider 1 and 
Ducceschi,!1 is converted by ferments and other oxidising media 
into dark-coloured substances (see index under Tyrosinase). 

3. Lysin, .ccording to Hart. a 
4. Tryptophane, according to NenckiJ

4 Hopkins, and Cole." 
To put it shortly, Samuely holds that normal pigments are formcll 

by the indol-, pyrrol-, pyridin-, and tyrosin-radicals of the albumin 
molecule. In this connection Ellinger's formula. of tryptophane (p. 53) 
would explain the tendency to a closure of the pyridin ring in trypto
phane, and the aBsllmption of a pyridin-nucleus in the albumin-mole
cule 6 become therefore nnnecessary, as this assumption is based on the 
fact that melanoidins on being reduced give pyridin (Samuely).7 

Samuely also observed a more or less abundant formation of humin 
on subjecting carbohydrates along with amino-acids or oth(>r nitrogenous 
bodies to the action of boiling hydrochloric acid. Glucose and tyrosin 
together give an especially large amount of humin. Schmicdeberg 8 

noticed further that nucleic acid, which contains a carbohydrate along 
with xanthin-bases, gives rise to melanoidin. Similarly, egg-white is 
yery apt to form humin hecause it contains a large amount of carbo
hydrate. Antipeptone, analogously, docs not form melanill,9 because it 
is deficient in glucosamin, tryptophane, and tyrosin. 

The formation of melanohlin depends on oxidation, for Samuely 
states that access of oxygen is as necessary as in the case of 'tyro
sinase,' 10 and this explains why v. Furth obtained xanthomclanin. 
(See p. 94, under' Disintegration with Nitric Acid.') 

Hart S has pointed out that the formation of humin introduces. a 
considerable uncertainty, when lysin and ammonia have to be estimated, 
as humin is formed to a much greater extent when sulphuric acid a.lone 
is used than when sodium chloride is added as well: in the latter case 
muoh more lysin and ammonia are obtained. Differences between the 
action of hydrochloric .and of sulphuric acid were also observed by 
Hoppe~Seyler. Langstein explains the absence of glucosamin amongst 
the dissociation-products of egg-white resulting from the action of 
strong hydrochloric acid, by assuming that the glucosamin unites with 

1 O. v. Furth and H. Schneider, ~llolmeister'8 Beilriige, 1. 229 (1901). 
2 V. Ducceschi, cited from Samuely, ibid. 2. 355 (1902). 
3 E. Hart, Zeitschr.j. physiol. ahem. 33. 347 (1901) . 
.: M. Nellcki, Ber. d. deutsch. chem. Ges. 28. I. 660 (1895). 
iI F. G. Hopkins a.nd S. W. Cole, J(JU1'n. oj Physwlogy,. 27.418 (1901). 
6 F. Hofmeister, Erudmw:ge de:r Pkysiol. 1. 768 (1902). 
1 Samuely, Hofml?ister's Beitriige, 2. 355 (1902). 
6 O. Schmiedeberg, A'f'ck.f. ezpe'f'iment. Palko u. Pkarmakd. 43. 57 (1899). 
11 F. Mullet', Ze:i:tschr. f. phY8Wl. Chem. 38. 279 (1903). 

10 M. G()nne~ann, Pfliiger's AreA. 82. 289 (1900). 
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the ammonia, ,,,hieh is formed simultaneously, and thereby gives rise 
to humin. 

Schmiedeuerg has drawn attention to the fact that hurnins, as far 
as appearance, properties, and composition are concerne. show a great 
resemblance to the melanins or the normally occurring dark pigments 
of the hair, skin, etc. He therefore calls them melanoidins, and those 
with acid characters roclanoidinic acids. According to the recent 
account of Spicgler,l however, melanins may show quite different 
chemical reactioliS. The darkening of urine which occurs on boiling it 
,yith acids depends, according to v. Udninsky, on the formation of 
humin out of the reducing substances in the urine; he calls the dark 
pigment seen in urine after poisoning 'with carbolic acid also humin. 
Hlasi"retz 2 has pointed out that some relation exists between humin 
substances and the deeply coloured bodies in the bark, etc., of plants, 
and has called these dark bodies phlobaphencs. 

The melanotic pigments founel during pathological conditions have 
been illvestigateu by Zdarek and Zeynek,3 Brandl and Pfeiffer,4 and 
'Volff,5 

c. SECO~DARY DISSOCIATION~PRODUOTS DERIVED FROM THE 

AMINo~Aom.s 

Before discussing how the primary dissociation - products are 
linked together, and how thereby the configuration of the albumin
molecule is determined, it is necessary to study the secondary dissocia
tion-products, by 1"hich we mean those substances which result from 
a disintegration of the primary products, namely, the amino-acids. 
These secondary products were at one time of the highest importance 
for the study of the chemistry of albumins, while now they are of 
especial interest in connection with physiological research. 

(a) Tit, Disintegration of Albumins by means of Boiling Alkalies 

&.hutzenberger 6 was the first to dis1ntegrate albuminous substances 
with barium hydrate under pressure; he was followed by Schulze and 
Bosshard,7 while later Maly 8 and' Bernert 9 used the same method in 

1 E. Spiegler, Hofmeister's Beitr. 4. 40 (1903). 
2 H. Hlasiwetz, Liebig's Ann. 143. 290 (1867). 
II Zdarek and Zeynek, Zeilschr. f. physiol. Ohem, 36. 493 (1902). 
4 Brandl and Pft<iffer, Zeilsc'hr. J. Irwl. 26. 348 (1890). 
ft Hans Wolff, Ho/meister's Bei{r. 6. 476 (1904). 
6 P. ~tzellberger, Bull. de Ia Soc. chimique, 23 and 24. (1875). 
7 lL Mulz.e aDd E. Bossharu, Zeitschr. j. physiol. Chnlt. 9. 63 (1884.). 

''i" it.'Maly, MonatBhiftef. Chem. 6. 107 (1885), 9. "'258 (1888). 
D R. Bernert, Zeuschr. /. phllsiol. Ohern. 26. 272 (1898). 
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dealing with oxyprotrsulphonic and peroxyprot-~mlphonic acids, two 
oxidation-products of albumin. E. Fischer 1 and Stcude1 2 baye decom
posed casein under ordinary pressure by boiling with caustic soda. OJ' 

barium hydrate. In doing so, albumins pass through the stage of 
ulkali-albuminatcs and subsequently form alhumoses and peptanes, 
therefore at .first the same substa.nces arc obtained as :~fter treating 
albumins with acids. Schiitzenberger found leucin, arnino-valerianic
acid, amino-butyric acid, alanin, tyrosin, phenylalanin, aspartic and 
glutaminic acids, hesides other amino-acids which were not isolated; 
Schulze and Bosshard found leucin, tyrosin, phenylalaniIl, aspaI'ti(' 
and glutaminic acids; Bernert: lysin and histidin j Steudel; lysin 
and tyrosin; E. Fischer: pyrrolidin-carboxylic acid. 

As has already been mentioned, treatment with fixed alkalies 
renders all amino-acids optically inactive, but, in addition, it splits 
off ammonia, so that instead of aud along with the amino-acids we 
obtain the corresponding simple acids, namely acetic, propionic, butyric, 
and valerianic acids, and of course large a.mounts of ammonia j Haber
mann and Ehrenfeld 3 fOlmd 3'58 per cent in casein. 

Accompanying the above changes are still other processes which 
lead to the formation of formic and carbonic acids. Schtitzenherger 
stated oxalic acid to be also formed, but Habermann and Ehrenfeld 
were unable to confirm this observation. BCC<'tuse of all these secondary 
changes, the usual djssociation-products can no longer be found j thus 
Bteudel failed to obtain arginin and histidin. 

By fusing albumins directly with solid potash the disintegration 
becomes even more marked, as has been shown by Bopp 4 and Hinter
berger,S and later by Ktihne,6 Nencki,i Sieber and Schoubellko,8 and 
Ruhner. 9 At first, again, amino-acids, leucin, and tyrosin 10 are formed, 
but then the amino-acids give rise to the corresponding fatty acids j 

thus indol-amino-propioruc acid is changed into skatol and indol, sub
stances first observed ·by Kuhne and Nencki, while cystin yields 
snlphuretted hydrogen 11 and mercaptane.12 

I E. Fischer, Zeit8chr. f. ph,1!siol. alum •. 35. 227 (1902). 
2; H. Steudel, ibid. 35. MO (1902). 
3 J. Habermann and R. Ehrenfeld, ibid. 30. 453 (1900). 
4 N. Bopp, Liebig's Ann. 69. 29 (1847). IS F. Hinterberger, ibid. 71. iO (1849). 
6 W. Kuhne, Be:r. d. deutsch. cl!mn. Ges. 8. I. 206 (1875). 
r JrI. Nencki, ihid. 8. I. 386 (1875) ; Jo-urn. f. prakt. Chem. (2), 17. 97 (1878). 
8 N. Sieber and G. Schoubenko, Arch. d. &iences biol. de St. Pelersbourg, 1. 314 

(1892). 9 M. Rubner, Arch. f. Hygie'M, 19. 136 (1893). 
11.) N. Bopp, Liebig's Ann. 69. 29 (1847); F. Hinterberger, ibid. 71. 70 (1849). 
11 N. Sieber and G. Schoubenko, Arch. d. &iences oiol. de St. Petersbourg, 1. 314 

(1892). 
12 N. Sieber ana G. Schoubellko, ibid.; M. Bubner, Arch_f. Hygiene, 19. 136 (1893). 
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By mixing chemically pure tryptophane or indcl-amino-propionic 
acid with eight to ten times its weight of caustic potash, adding some 
water and heating for only a short time after water has ceased to come 
off, allowing to cool, adding some more water, and heating a.gain and 
repeating this additioH of water three or four times, Hopkins and 
Cole 1 obtained in the distillate 65 per cent of what would be the 
theoretical yield of skatol. The distillate also contained an abundance 
of ammonia, and gave a slight nitroso-indol reaction. In the non-vola
tile residue from the potash-fllsion abundant oxalic add could always be 
detected, and at times it was possible to show the presence of glyoxylic 
acid. These two products, along with ammonia, are derived from the 
:;;ide-cllain of the indol-amino-propionic acid under the combined hydro
lytic <~lld oxidative influence of potaiSh. 

Skatol, on being fused with potash, yields j3-indol-carboxylic acid, 
aecording to Ciamician and Magnanini,2 and Ciamician and Zatti.3 

Dry distillation of the most diverse albumins also gives rise, 
according to Rubner, to sulphuretted hydrogen, H 28; ethyl-mercap
tane, C2H.;. SH j and methyl-mercaptanes, CHao SH. 

(b) The Disintegration qf Albumins by Superheated Stearn 

At first, again, amino-acids are liberated, of which Lllba.yin 4 found 
leucin and tyrosin, while Steudel 5 demonstrated aspartic acid. Later 
OIl, according to Steudel,5 all hexone bases disappear completely. (See 
also p. 202.) 

(c) The Disintegration by means of Oxidising Media 

The primary changes produced by oxidising media in albumins 
aTe fully discussed on pp. '237 to 24:9. 

1. Potassium PermangarwJ;e in Com-binati()n with Sulphuric 0'1' Chromic 
Acid.-This method was employed under the direction of Liebig by 
Guckel-berger, 6 who investigated egg-white, fibrin, casein) and gelatine, 
but only the' volatile products were isolated. He obtained formic, 
acetic, propionic, butyric, valel'ianic, and caproic acids; benzoic acid, 
an aldehyde; ammonia, oil of bitter almonds, different nitrites j finally, 
a r heavy oil smelling of cinnamon.' According to E. Fischer, 7 phenyl~ 

1 Hopkins and Cole, JO'UTn. ql Pkusiol. 29. 463 (1903). 
2 Ciamiciall and Magnanini, Ber. d. deuis<;h. cll£1n. G~ellsl)h. 21. 673 (1888). 
~ Ciamicj81!. and Zatti, Wid. 21. 1933 (1888). 
'II N.~. Boppg.&yle'l".f 1wediz.~fJkem. lJnt&such. p. 468 (1871). 
, 1i;~," Zdtsc]".j.phy';ol. (!Mm. 35. 640 (1902). 
6 Gucb11Jerger, Li-ebig's .Ann. 64. 39 (1848). 
, E. ~, !&it.ck •. j.phy,u,z. CMm. 33. 161 (1001). 
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alanin gives rise to phenyl-acetaldehyde on being treated with sUlphuric 
acid and bichromate. 

2. Potcu;sium Permangallafe in Alkaline Solutions.-The products 
fonned at first, still retain their albuminous character, and are discussed 
in Chapter V. 'Subsequently, according to Bernert,l are formed acetic, 
propionic, butyric, and valerianic aeids j lysin, histidin, pyrroJ, and 
ammonia. Kutscher 2 has shown al'ginin to give rise at first to 
guanidin-butyric acid and then to gllanidin and succinic acid, when it 
is treated with barium perrnanganate. Lossen 8 has obt.ained guanidin 
also directly from albumin. 

3. Calcium Perma,nganate in Boiling Solulions.-Zickgraf 4 has em
ployed boiling solutions of calcium pel'lllallganate fof' oxidising gelatine, 
because the calcium oxide which is set free is at Once rendered inert 
through the carbonic acid :tnd the oxalic acid resulting from the oxida
tion of the gelatine, and the oxidation taking place in a boiling solution 
relmlts in a rapid and complete dissociation of the gelatine-molecule 
and prevents the formation of partly oxidised substances such as 
oxy-protsulphonic acid. 

Kutscher and Schenk,fi by oxidising gelatine with calcium per
manganate, obtained la.rge amounts of oxaminic acid, which is a 
derivative of glycocoll. The oxaluria which results from feeding with 
gelatine (Lommel) {; is readily explained by assuming that the glycocoll 
of the gelatine is converted in the body into oxamin, and that the 
latter then splits up into amm011ia and oxalic acid. 

4. Hydrogen Peroxide in Acid Solutwn.-Neuberg and Blumenthal i 
prepared from gelatine, and OrglerS from crystallised egg-albumin, the 
two substances acetone and isovaleric aldehvde. The latter is derived 
from leucin, while the acetone may be derived either from leucin or 
from a hi~herto uot yet isolated amino-isobutyric acid. 

The action of nitric acid is discussed below. 
To Neumann's excellent method for converting albumin into a.sh 

by heating albuminous matter with a mixture of equal volumes of 
concentrated nitric and sulphuric acids special attention is drawn.9 

1 R. Bernert, Zeitsekr.f.phYlIJiol. Oke1n. 26. 272 (1898). 
1 E. Beuech and F. Kutscller, Wid. 32. 278 (1901); F. Kutscher, ibid. 32. 413 

(1901). 
II W. Lossen, Liebig's Ann. 201. 369 (1880). 
4 G. Zwkgraf, Zeitackr./.ph.ysid. Chem" 41. 259 (1904). 
~ Fr. Ku.tscher and Martin Schenk, ibid. 43. 337 (1904). 
6 Lommel, Deut. A.rch.f. !din. Ned. 1899. 
7 C. Nenberg and F. Blumenthal, Hofmeister's Beitr. 3. 238 (1902); Deutsche m~4£z. 

Wochenschrift, 1901, p. 6. 
o A. Orgt-er, Hofmeisw's Beitr. 1. 583 (1902). 
II A. Neumann, Zeitsehr.j.ph'llfJicl. CMm. 37. 115 (1902), and 43.32 (1904). 



94 CHE}1ISTR Y OF THE PROTEIDS CHAP. 

Here may also be mentioned Friedenthal's 4 views 011 the oxida
tion of albuminous suhstances in living organisms. As completely 
dry em'oon ,vill not burn in completely dry oxygen, he has arrived at 
the ConCeI)tion t,hat oxidation depends on an accumulation of OH-ions; 
on suhjecting various foodstuffs to the oxidising action of alkalies, 
i.f. of OHl-compoUtHls, he found albumins, colloidal carbo-hydrates, 
fats and soaps not to Lecome oxidised, \1,'hile the lowor dissociation 
products of albumins and carhohydrates readily became oxidised. As 
the higher albuminous substances are broken up in the hody, it is 
assumed that they are hydrolysed .in the first instance before being 
oxidisell. 

The oxidation of uric acid in alkaline solutions is discussed by 
Behrend.2 

(d) Dissociation I)!! j[eans of Acid, and Pnatment oj the Resulting Arnino
Acids u:itA _;_Yitrous Acid a1/.l1 Redudion with ~~[etallic Sodium 

By this means Ducceschi:l obtained from egg-white, serum-albumhl 
and horn; and Spiro ~ froID casein and gelatin, cinnamlc acid, which is 
derived from phenyl-alanin. 

Phenyl-alanin - ammonia := cinnamic acid. 

By an ana1ogous process aspart.ic acid gives rise to fumaric acid. 

COOH 

g~~H -NH, 
2 

COOH 

COOH 
CH 
II 
CH 
COOH. 

Aspartic acid - ammonia := fum.aric acid, 

(e) Disintegration with NitTi< Acid 

This method produces entire1y different resu1ts. Miihlhii;qser,5 
v. Flirth,6 and Habermann and Ehrenfe1d T have boiled casein with 

1 H. Friedellthal, Arch. f. (Anal. 'Und) Physiol. 1904, p. 371-
II Behrend, Liebig's Aimaltn, 333. 141 (1904.). 
;1 y. l>ncceschi, Hofmeister's Bl!itrage, 1. 339 (1901). 
" It. Sl'iro~ 'wid. 1. 347 (1901). 
:, M1lIi1h"ser. Liebig's Ann. 90. 171 (1854), 101. 176 (1857). 
(I O. v, Fiirth, Strassburger I-rahilitationsscurift, Stl'a.~sb!lrg, 1899. 
7 J. II~~mann and R. Ehrenfeld, Zeitschr.J. physiol. Ohem. 35. 231 (1902). 
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nitric acid and thereby obtained very large quantities-up to 30 per 
cent-of oxalic acid, which is not obtainable by the ordinary methods 
(see below, under j). Habermann and Ehrenfeld found in addition 
oxyglutaric acid, evidently derived from glutaminic acid and 10ucic 
acid, while v. Furth obtained xanthornelanin. This is a friable, 
blackish~brown powder having a bitter taste; it is very slightly 
soluble in water, ether, or chloroform, but readily 801nblo in ethyl-, 
methyl-~ amyl-alcohol, and in acetone; it is most soluble in gIn.cial 
acetic acid, and is precipitated from such a E;olution by the addition 
of water. In soda solution and in ammonia xanthomeIanin dissokes 
with a reddish·brown colour, and is evidently that complex which 
gives rise to the xantho-proteic reaction (see p. 6). Xantbomelanin 
prepared from casein ha.s, according to v. JI"'urth, the following 
percentage composition :-

C 
50·03 

N S 
0·59 

FUrth could arrive at no definite conclusion as to the sulphur 
radicaL A preparation obtained from horn filings harl a some,,;r}mt 
different composition. 

On reducing the nitro-group with stannous chloride an acid was 
obtained j on being melted with a fixed alkali a distinct smell of 
indol or skatol could be detected, which seems to indicate a certain 
l'el';em blance to tryptophane. This may also explain the remarkable 
fact that on disintegrating casein with nitric acid 110 tyrosin is found 
amongE!t the disintegration-products. 

(f) Disintegration by means oj Nitrous Acid 

The reaction which is supposed to take place when albuminous 
substances are brought into contact with either nitrous acid or an 
alkali-nitrite + acetic ·aci4_ may be represented, according to Levites,l 
thus: 

R-NH2+NO. OH= 2N +H20+1:-·OH. 

Schiff is of the opinion, as is N asse and Hausmann 2 and Hofmeister,:; 
that in the albumin-molecule are contained at least two CONHt -

groups, as is explained on p. 141, where the biuret-reaction is dis
cussed. Schiff has stated that desamination leads to a disappearance 
of the CO~H2-groups, and that this disappearance also explains the 
absence of the biuret-reaction with d~samiDo-peptones. 

1 S. Levites, ZeitsMr. f. phy8i.ol. Gh.eln. 43. 202 (19(4). 
:l Hal:lsmann, ibid. 27. 95 (1899), and 29. 136 (1900). 
~ F. Ho.fmeister, Ergebnial1e de'" Physwl. 1., i., p. 159 (1902). 
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If the reaction between nitrous acid and albuminous matter takes 
place according to the equation given above, then the amid-nitrogen 
ought to be completely removed from the albumin-molecule. Levites 
has examined desamino-albumin prepared from egg-white, freed from 
globulins and ovomucoid; desamino-casein (Hammarsten-Griibler) and 
desamino-glutin from purified gelatine. 

Desamino - albumin and deS<tmino - casein gave both the biuret
reaction and the reaction of Millon, while desamino-glutin gave a 
distinct biuret-reaction. 

In the following table the author has compiled" mean readings" 
from the figures given by Levites :-

Amid- or Am'llonia-Xlt.rogen in 

Substance, 

I Egg-albumin _ 
I Desamino-albumill - : I 

14'81 
14'166 

I'eITflnt1ige of 
Substallce. 

-~-I 
, 10-50 

, (a,\"er_a_g'_1 ___ i 

! Ca."in .' I~-~o-O--li-- I-58 I 10'S3 
11-93 I Desamino-casein - "I 14-03 , 1-67 i 

... -.... --'-----~ I~--~,----

I g:::~~:g;,~ .... i::;g I g:~f I 

This table shows that the amid-nitrogen remains nearly unaltered 
after treatment with nitrous acid, if it is not even increased in 
amount, while the total-nitrogen is considerably diminished_ Accord
ing to Levites the occurrence of CONH2-radicals in the albumin
molecule is therefore not yet proved, nor can the biuret-reaction be 
said to depend on these CONH2-groups, especially as the pepsin-glutin
peptones of Scheermesser contain no trace of amid-nitrogen. 

(g) DisintegratWn 0/ A lbumins with Br(Ylnine 

Hlasiwetz and Habermann 1 have heated' eggwhite under pres!ure 
with an excess of bromine in watery solution, and they obtained from 
100 gramme. eggwhite (see also Chapter VII., p. 230): 

29'9 grammes Bromoform. 
22 Brom-acetic acid. 

Oxalic acid. 

1 H.lIlamwetz and J. Habermann, Litbig'(I Ann. 159. 304 (1871). 

~ 
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23'S grammes Aspartic acid (and perhaps glutaminic acid). 
22'6 Lencin. 

1 '5 Bromanil. 

Further, carhonic acid, the amount of which was not determined. 
Other albumins yielded the same products, but in different proportions. 

(h) Disintegration by means of Sulphur 

On mixing egg-white with flowers of sulphur or with precipitated 
sulphur, there is soon liberated sulphuretted hydrogen, which blackens 
lead-acetate-paper. After various explanations had been offered which 
were purely speculative, l';asse and Uosjng 1 recognised that the proce$. 
was one of oxidation. They assumed that in egg-albumin a labile, i.f. 
loosely attached hydrogen-atom, was replaced by a hydroxyl-radical of 
water, and that the H deriyed from the albumin, along with the re
majnjng H of the watpr-molecu]e, united with s111phur to form HzS. 
This view is supported by the fact tbat benzaldehyde, acetaldehyde or 
cenanthol by autoxidation give rise to H 28 in the presence of sulphur 
and water. 

According to Engler, Z however, autoxidation takes p1ace in a 
different manner. An oxygen-molecule takes the place of the labile 
hydrogen-atom in the autoxidator, giving rise thereby to a peroxide. 
The hydrogen-atoms which are set free are then supposed to unite 
with 3ulphur to form H.S. 

Against the view of Nas.se may be urged, that aldehyde-groups 
have not yet been shown to occur in albumins j and against Engler, that 
egg-white is unable to oxidise an acceptor, i.e. a substance which under 
otherwise equal conditions is not directly oxidisable, such substances 
being, e.g., arsenious acid and indigo...sulphuric acid. 

Nasse and Rosing were right in assuming that an oxidation-process 
is set up by the action of sulphur on egg-white, as traces of other 
Oxidising media will prevent the sulphur from being changed into 
H2S, according to Hetiter,3 who believes that the sulphur simply 
takes awa.y the H from the albumin-molecule, as happens also when 
diphenyl-methane and sulphur are heated together, there being formed 
tetraphenyl-ethylene and H,S (Ziegler '). 

1 IWsing, Unter8uchungen ilber die Ozydation VOn Eiwei.s8 ii~ GegenuJ(Jri ~vm- &Jw!f!fel. 
Dissertation (under O. Nasse), Rootock, 1891. 

II Engler, Be'F. d. deutsch. du:m. (,}es. 33. 1097 (1900). 
S A. Hl!ffter and ~iax Hausmann, Hofmeister's Beitrage, 5. 213 (1904). Here com

plete literature. 
" Ziegler, Be'!'. d. ~ Chon. 08$, 21. 779 (1888). 

lJ 
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Phenyl-hydrazin reacts similarly (E. Fischer 1). Certain thio-com
pounds are especialJy apt to split off hydrogen. For example, the 
following substancCR hecome oxidised hy the oxygen of the air during 
evaporation and then give rise to disulphidcs: Thiophenol (Hiibncl' 
and Alsbel'g :!), thia-benzoic acid (Engelhardt 3), and benz_yl-mercaptanc 
(Marcker 4). 

Tlliophcnol DipheIHll.llisullJhide. 

This thiophenol in presellce of \vater and sulphur readily forms H 2S. 
If thiophenol be first oxidiscu with ferricpl1lide of potash, it does not 
split orl' lIeS. 

Et,hyl-mcrcaptane ah;o readily splits oft' H:lS, anti as Morner has 
shown that egg-white contains a sulphur radical which is not cystin 
and which is ~;olaLlle, nemer assumes egg-1"l.'hite to contain a mercap
tane whit.:h \)rings about the formation of HzS, when egg-white and 
flowers of sulphur are mixed. :Serum-albumin and serum-globulin 
contain only cystin, and they do not, form H:;S. The presence of an 
unstable hydrogen-atom in albllminf5 explains the reduction bf iodates 
into iodides, ferri-compound::; into ferro-compounds, etc., and according 
to Mann 1i also heat-coagulation. 

(i) Disintegration b.1l means oj Ere,;ymes 

Amino-acids are very resisting to boiling with acids and alkalies, 
amI also to the action of pepsin and trypsin (see below), for which 
reason the amino-group cannot be detached by these means. It can, 
however, be removed by enzymes, which seem to be common both in 
plants and in animals. Butkewitsch 6 has studied the action of 
lower plant-life on albumins and on amino-acids, and Bertel'i has 
attempted to show that tyrosin when oxidised gives rise to homo~ 
gentisinic acid, ammonia, and carbon-dioxide. Czapek 8 believes this 
transformation to be n good proof of the des-amination of amino-acids 
hy means of enzymes, and attributes to the tyrosin-ferment both 

1 E. Fischer, Ber. d. deutsch. chem. Ges. 10. 1334 (1877). 
2 Hubner and Alsberg, Ann. d. Ohel1l:. 156. 330 (1865). 
:. Engelhardt. Lo.tsehinofI, and MalYi>cheff, ZeUschr. f. Ohem. 1868, p. 353 • 
• Maroker. Ann. d. C~m. 136. 75 (186S). 
~ G.ua; M.tum, PkYsWlogical Histology, 1902, p. 66. 
e K. &tkewitsch, Pri'1l{lsheim: s J41.rb. f. 11Ji-ssensch. Botanik, 38. 147. 
7 R. Bertel, Ber. d. deutsch. bot. GeseUsh. 20. 460. 
II }<'" {~k, Hofm.eiste:r's Beitrage, 2. 588 (1902). 
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oxidative and des-aminative properties. Saitos,l however, has shown 
that the dcs-aruination of tyrosin callnot be the iunebon of the 
ferment tyrosinase, because the ammonia- and tyrosinase-reactions do 
not run parallel ,,.,-ith one anr)ther. This V1C\Y 18 Bhared by 8hihata.:! 
The only other enzyme known in phtnts is the nrease, or urea-splitting 
enzyme. 

In anjm.als special enzymes seem t.o he present. Loe\yi 3 has 
described a urea-forming fel ment in the liver, and has shown that 
glycocoll and lenein give rise to an alcohol-ethel' soluhle body with an 
easily dissociable amicl-rtLdical. .1akoby 4 found that liver-juice pre
serYcd under toluol showed a marked increase of the ammonia
nitrogen (<1mjd~nitrogen») at the expense of the amino-ncid-nitrogen 
(8'3C p. 77). He failed, however, in getting the liver-juice to act 
on glycocoll. 

That tryptit: digestioll splits off ammonia from the albumill-mole
culc has heen shown by Hirschler,li Kuts~her,': and others. Pepsin 
a.cts similarly on albumin according to Zunz.'i I~ut that neither 
trypsin nor pepsin have any action OIL amino-acids has been shown 
by Gulewitsch,8 His observations are confirmed hy Schwarzschild,!i 
who found that trypsin was unable to split oft' ammonia from 
aspal'(l,gin, acetamide, urea, biuret, oxamide, benzamide, glycinamide, 
etc. But there is one exception to this rule, nl~me1.r, the glycin-base 
of Curtius, or hexaglycyl~glycin-ethylester, as it does give off 
ammonia when acted upon by trypsin, ,,,hile with pepsin it does not 
react at all. 

Schmiedeberg 10 has shown that liver-pulp can convert hippuric 
acid into glycocoll and benzoic acid, and GOllncrmann finds that 
acetamide, oxamide, benzamide, etc., mixed with liver-pulp, containing 
1 per cent of sodium-fluoride as an antiseptic, arc split up in some 
cases. 

Shibata 2 has shown that in addition to the uro-bacteria, urea is 
also broken up by Aspergillus niger j and further, that this mould 
has some action on biuret, a very slight action on urethan, and. 

I K. Sl:Utos, Botanical .Jfagaziue (Tokio), No. 201, XOl', 1903, 
2 K. Shibata, llOj,IICister'8 Beitriijc, 6.384 (1904). 
J O. Loewi, ZeitscJl1', j. pAysioL Ohmn. 25. 5]1 0898). 
4 M. Jakoby, ibid. 30. 149 (1900). 
1) A. Hirf>Chler, ibid. 10. 302 (1886). 
6 E, Kutscher, Endprodl'kte der Trypsincerdauung, 1899 (Dissertation). 
~ E. Zunz, Zeitsch1·. f. ph1Jsiol. Chem. 28. 132 (1899). 
8 WI. Gulewitsch, ibid. 27. 540 (1899). 
\I M. Schwarz.schild, HojmeistpJr's B:;urage, 4. 165 (1904). 

100, Schmiedeberg, Arch.j. a;perim. Palhol. u. Pltarm. 14. 288 (1881). 
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no action OIl guanidin (;'Ln amidine), and on the ureide!;: allantoin 
and ~odium urate, 

OC/1'>H, 

'-NH, 
Urea. 

/
NH.CO.XH, 

OC 
'-KH, 

Biuret. 

/SH-CO 

OC'-NH_~H. NH. CO. ~H, 
Allantoin. 

Urethall. Guanidiu. 

Uric acid. 

Aspergillus further liberates ammonia from acetmnide and oxamide, 
traces from asparagin but none from benzamide (OoH[j--CO. K11). 

CO-::-<H, I . 
CO-NH, 
Oxamide. 

CH,-CO.NH, 
I 

NH2 ·CH-CO.OH 
Asparagin. 

It splits hippuric acid, ColI,CO. NH-CH,-COOH, up into 
glycocoll, CH2 • NH2-COOH, and benzoic acid. 

1. .Disintegration of Albumins by Ptdrfjactive 01'ganisms. ~ The 
disint.egration of albumins by mea.ns of the ubiquitous putrefactiYe 
bacteria and the bacteria of the alimentary callal has been ex
tensively studied by E. a.nd H. Salkowski,l Nencki,2 Baumann,s and 
Brieger,4 further by Hoppe-Seyler,5 Schultzen and Ries,o Blumenthal' 
and Rubner. 8 As has already been mentioned, t.hese researches shed 

J E. and H. Salkowski, Zeusdtr . .f. phys·wt. Cne"ln. 8. 417 (1884), 9. 8 (1884), 9. 
491 (1885) (summary of previous p3pers}; E. Salkowski, ibid. 27. 302 (1899); H. 
Salkowski, Be'!'. d. delktsch. ell-em. Ges. 31. II. 776 (1898). 

2: M. Neucki, ibid. 7. II. 1593 (18i4), 8. 1. 336 (1875), 10. I. 1032 (1877): 
JOU!t'1l. /. prakt. Okem, [2], 26. 47 (1882); Zeitsdtr. j. pkl/siol. CMm.4. 371 (1880); 
Zentralbl./. d. med. Wisse1Ulch. 1878, Nr. 41'. 

S E. BaulIlann, Ber. d. deutsch. r;hem. Ge.~. 12. II. 1450 (1879) j Zeitschr. f. 
pkysWi',. (]Item. 4. 80-l o 880), 6. 183 (1882), 7. 282, 553 (1888), 20. 588 (lSg5); 
Baumann and L. Brieger, wid. 3. 149 and 284 (1879). 

4 L. Brieger, Journ. f. pnikt. Chem. [2] 17. 124 (1877); Ber. d. dtutsch. chem. Ges. 
10. I. 1027 (1877), 12. II. 1986 (1879); Jkitsdw.j. phy&iol. Clwtn. 2.241 (1878), 
3.134 (1879)1 4.414 (1880),5.366 (1881); Die Ptorrtaine, Berlin, 1886. 

Ii F, Hopp8'~fler, P.tliigt'r"s Arch. /. d. ges. Physiol. 12. 1 (1876); Zeitschr. /. 
phyriol. ~s.a (1878). 

6 Schutf.i9d ADd Ries, A~ Yellow Atrophy of Liver, Berlhl, 1869. 
7 F. Blw:nenthal, 'Virchow'8 Arch. 137. 539 (1894) (here also the older literature). 
6 M: Ru~ :Arch./. H1If}ieM 19. 186 (1893). 
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much light on the existence of aromatic nuclei in albumins, long 
hefore these aromatic bodies themselves had heen isolated. 

Instead of studying the effect of impure cultures of so-called 
'putrefactjYe bacteria,' pure cultures of definite bacteria, were llsed 
hter OIl. Thus Nencki 1 and his pupils 2 examined the bacillus 
of quarter-evil (Itauschbrand) under anaerobic conditions; Zoja 3 

employed other anaerobes j Kuhne" investigated the tubercle 
h.~cillus j Emmerling,') the Streptococcus longus j Taylor,{t the 
BacteriuID coli and Proteus vulgaris; Klltscher/ the yeast; ~forner,.s 
the bacteria of the' Gahrstromling,' a Scandinavian food-stuff, which 
results from the action of apparently very definite micro-organisms 
on Ralt fish, These micro-organisms differ greatly from one another 
in some respects, and therefore the results obtained by the above 
researches have a high biological interest, hut for the chemistry of 
the albumin-molecule the investigations of Hoppe-SeyleJ', Baumanu, 
Ellinger,fl n,nd Spiro 10 are of greater importance, inasmuch as these 
inye~tigators did not subject the albumin as a whole, but only its 
different primary dissociation-products, to the action of bacteria. 

Bacteria behave, in the first instance, exactly as uo trypsin or 
boiling acids, for they form at first albumoses and peptones, and 
subsequently the amino-acids. The action of bacteria. does not stol', 
however, at this point, for Czapek 11 and Emmerling 12 have ]Jointed 
out that the fl-amino-acids are the very best nutritive media for 
bacteria. 

These amino-acids are acted upon by bacteria in two distinct 
ways:-

(1) The amino-acids are converted into the corresponding simple 
acids in exactly the same way as if they were acted upon with fixed 
alkalies or with oxidising media. Owing to the elimination of 
ammonia, there are formed; acetir, propionic, butyric, valeria,nic, 

1 M. Nencki, J[onatslOfftef. Ohern. 10, 506 (1889). 
Z M. Nencki and N. Sieber, ibid, 10. 526; L. Nencki, ibid. 10, 862 j R. Kerry, 

ibid, 10. 864; L. Selitl'enny, ibid, 10. 908 (1889), 
:: S. Zoja.. Zeitschr. t, Jlhyswl. Chon. 23. 236 (1897). 
4 W. Kuhne, Zeitschr.J. Biologic, 29. 1 (1892l. 30. 221 (1894). 
~ O. Emmerling, Ber. d. deutsch. chem, Ges. 30. II, 1863 (189i). 
6 AI. E. Taylor, Zeitschr.j. physid. eM",. 36. 487 (1902). 
7 t, Kutf,cher, ibid, 32. 419 (1900). 
lJ C, T. MUrner, ibid, 22. 514 (1896). 
9 A. Ellinger, Ber. d, deuts<.!h. dum. Ge.~. 31. Ut 3183 (1898); 32. HI. 3542 

(l899); Zeihehtr. j. physiol. ahem. 29. 334 (1900); Ellinger and M. GentZ-en, N(I· 
meurer's Be:i.trli.ge. 4. 171 (1903). 

10 K. Spiro, ibid. 1. 347 11901), 
II F. Ozapek, ibid. 1.. 538 (1902), 2. 557 (1902), S, 47 (190'2). 
12 Emmerling. ikr'. d. tkutst:k. chem. Gu, 85. II. 2289 (1902)~ 
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and caproic acids; fnrther, o-amino-valerianic acid, which may be 
derived either from ornithin, lly a splitting off of the a-amino-group 
(H. Salkowski), or by all opening up of the pyrrol-ring of the 
n-pyrrolidiH - c:trhoxylic acid; succinic <wid (Blumenthal); phenyl
}}ropionic acid or cinnamic acid; JI-oxyph€nyl-propionic acid or 
hydro-para-cllmaric acid; ano indol-pl'opionic acid. 

The changes produced in chemically pure tryptophane or indoI
;tmino-propioniL acid by putrefaction have been carefully studied by 
II opkins and Cole.1 The first to observe that tryptophane is formed 
~1t all early period during the putrefaction of albumins was Claude 
Bernard, 1yho observed the colour reactions ''''itll the halogens. 
nopkin~ and Cole obtained indol and all the related suhstallces
skatol, skatol-carboxylic (illdol-acet.ic) acid, and skatol-acetic (indol
propionic) acid-hy bacterial action, and therefore tryptophane is 
the precursor of these substances in putrefaction. Under the 
influence of anaerobic bacteria, tryptophanc yie1d." 1arge amounts of 
indol-propjonlt· acid, owing to the removal of amino-groups from t.he 
amino-acids: 

11\1~c'CH2' CH(~H)COOIl "'CH 
~!',/ 

V~ 
Tryt0Jthane or indol-amillo·propionic acid + Hydrogen = 

/\~C .. " CH,-CH,-COOH + NH, I I ~/CH 
V-~ 

Indol-propionic acid + Ammonia. 

Baumann 2 found analogous changes in tyrosin, when it was 
digested ·with putrefying pancreas, and N encki, S when tyrosin was 
subjected to the anaerobic growth of the Rauschbrand bacillus. 

HO. CoH,. CH,. CH(NH,)COOH + H, 
Tyrosin or QXYI)hellylamino propionic acid + Hydrogen = 

HO. C,H,. Cn,. . CR,. COOH 
Oxyphenyl'proplonic acid 

+NH, 
+ Ammonia. 

--~-----------------------------------
1 Hopkllls and Oole, Jou1"nal of PltysioWg!l, 29.~451 (1908). 

:.' Bauma.nn, Ber. d. deutsch. dum. Ges. 1451 (1879). 
II Nencki, ibid. 7. 1593 (1874). 
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E. Schulze found that phenylamino-propionic acid is changed by 
aerobic bacteria in this manner. (1) By des - amillatioll phcnyl
propionic acid is first produced, and the latter then oxidised in the 
presence of air into phenyl-acetic acid. In Nencki's anaerobic experi
ments the change stopped short at the first stage-the simpl€' remoyal 
of the amino-group by reduction-and only phen}'l~propionic acid 
was obtained. 

(2) Carbonic acid if> split off, leading, as Ellinger has ShOWIl, to 
the formation of Brieger'.:; diamines. Thus lysin is converted into 
penta-methylene-diamin or cadaveriu, Cf>H 14N 2, 

Lysiu 

CH2NH, 
CIL 
CR: CO 
Cll; - 2 

CHKH, 
CO(lH, 

CH,NH, 
CH, 
CH, 
Cll, 
CH",'IH, 

Cadaverin 

while the ornithin of the arginin gives rise to tetra-methylene
diamin or putrescin, C4H12N2, 

CH,NH, 
CR, 

Ornithin Cli" becomes 
CHNR, 
COOR 

CH2NH, 
Cll" 
CR; 
CH,NH, 

Putrescin 

a.nd phenylalanin forms phenylethylamin (Nencki, Spiro), 

CGR,. CR,. Cll(NlI,)COOR becomes C,H,. CH,. CH,(NH,) 
Phenylalanin. Pheuylethylamin. 

The mother-substance of methylamin, which Morner and 
Emmerling ha.ve found in some bacteria, may be glycocoll 

[NR2CH,COOH] minus [CO,] ~ NH,CH,. 

(3) It is possible for both processes mentioned above under (1) 
and (2) to take place. Kerry has found glycocoll to give rise to 
methane, CH4• As a rule the change does not stop here, for the 
terminal C-atom is oxjdised, the CO2 is given off, and then reoxidation 
takes place, as is clearly shown by the following example :-

p-oxyphenylamino-propionic acid C,R,. OIl. CR,CHNH, . COOH 
p-oxyphenyl-propionic acid C,R,. OR. CH,CR,. COOR 
p-<Jxyphenyl-acetic acid C,H,. OR . CR,COOIi 
p-<Jxymandelic acid . C,H,. OR . CR(OH)COOIi 
p-oresol C,R,. OR. CR, 
phenol C,R,. OR 
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The other two aromatic groups behave similarly: phenylamino
propionic acid -;.. phenyl-propionic acid -> phenyl-acetic acid; and 
indolamino-propiollic acid -+ indoI-propionic acid ~ indoI-acetic acid 
-> skatol --:;. indol. 

Benzoic acid has not yet been found. 
I'henol, indol, and skatol arc looked upon as the characteristic 

products of putrefaction, as they are readily recognised by their smell, 
and beeause they are absorhed as the final products of intestinal 
putrefaction and then excreted ill the urine as paired sulphonic acids. 1 

But these suhstances arc by no means formed by all bacteria. Phenyl
acetic acid or a-tolnylie acid is eliminated as :phenaceturic acid. 2 

<=> ell,. COOl! becomes <=> CH,. CO .NH. elI,. COOH. 
Pllellareturie acid. 

The fatty series is represented by formic aciJ and carbonic acid, 
both of which are constantlr present. They may be formed by a 
method arwJogous to that. descrihed above for the aroma.tic series, but 
whether the same holds good for the other aliphatic acids cannot as 
yet be considered as settled, for they may be derived either from 
amino-acids or from higher homolog-nes. 

Cystin gives rise to sulphuretteu hydrogen, which is another 
characteristic product of putrefaction. Salkowski, Baumann, Rubner, 
Miirner, Nenck~ and Zoja observed also ulethylmCl'captane, but great 
caution is necessary in explaining its derivation, hecause Rubner has 
shown that it may be formed synthetically. 

2. Disintegration during the J[efabolism of Plants, culusive oj Bacteria.
Most light has heen thrown on this question through the work of 
E. Schulze 3 and his pupils. There are contained in the seeds of 
plants certain albuminous substances which serve as a storehouse for 
the growing embryo, and these are made available through the action 
of pmteolytic enzymes, whenever germination commences. These 
enzymes have been examined by v. Gorup-Besanez,4 ~eumeister,5 

WeisJ 
6 Butkewitsch,7 and others; they act analogously to trypsin, for 

1 E. Baumann and. E. Herter, B('r. d. deutsch. durn. Gcs. 1. 244 (1877). 
'.! E. and H. Salko'Wski, ibid. 9. 491 (1885). 
II E. Scbulzt', ibill, 24. 18 (J897). 26. 411 (1899), 30. 24-1 (J900), (in these 

three papers is a summary of the previouS' ones); E. Schulze and E. Winterstein, ibid. 
33.547 (11)01), 35. ~99 (1902). 

, 4 ". Gotup.-"Besallez, Ber. ·d. dentsch. chern. (leIS. 7. II. 1478 (1874); 8. II. 1510 
(I87';j •. , .'. 

5 R. ~meiBter, Zeitilckr./ •. Biol. 30. 44-7 (1894). 
II F. Wefs, Zeitsckr.l. physi<Jl. Ohem. 81. 79 (1900). 
7 Wl. ~~tach, ibid. 32.. 1 (1901). 
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they give rise to amino-acids. As plants do not possess a circulatory 
system comparable to that of animals, the amino-acids remain it! Still, 
i.c. either in the seed or in the cotyledons. Schulze has pointed out 
especially that the amount~ of the amino-acids which are formed 
during germination agree with the amounts he WI1,8 able to obtain lJY 
acting on the stored reserve-material with acids. Be Ioand leucill, 
aUlino-valerianic acid, phenylalanin and tyrosin, aspartic and glutaminic 
acids, lysin, histidin, arginin, gnanidin, and ammonia. 

Aspartic and glut.:'tll1inic acids orcur in the largest amounts, and 
these seem to take the place of Olle another in different plants, ~o that 
in some, even closPly related, species onf~ iR present in large excess 
over the other. There oCCl.{rs in plants, further, a synthesis brought 
ahout ill this way :-A pan of the ammonia of the mOllo-amino-acids 
iH split off and then used for the conversion of some (_lthel' mono-amino
acids into ai-amina-acids. Thus a.spartic and gluta.miIlic acids are 
('onverted into asparapn and glutamin. 

Aspartic acid, CO. OH . CH,. CH(NR,)COOH, 
hecomes CO(NH,). CR,. CH(:'i"H,)COOH, Asparaf,on. 

Glutaminic acid, CO. OR . CH,. CH,. CR(NH,). COOH, 
becomes CO(NH2) • CR, . ClI, . CH(NH,) . COOR, Glutamin. 

Both are fonnel as reserYe material in germinating secus, and may 
also be transported during germination. Through further complex 
syntheses they are then built up into albumin, taking up during this 
process also non-nitrogenous radicals derived from the ever-present 
carbohydrates,. and perhaps also from the desaminated remainders of 
the mono-amino-acids. Corresponding processes take place also in 
other parts- of the plant. The great importance of asparagin for the 
albumin-synthesis in plaJlts is also shown by the resllits which Nageli 
and Kuhne 1 obtained with bacteria, as these can grow in media which 
contain no other nitrogenous substance beside asparagin. 

Only in some conifers does arginin take the place of importance 
over asparagin and glutamin. 2 Arginin may be obtained in large 
quantities by boiling coniferous seeds,s and is therefore also a primary 
dissociation-product. 

The fact that individual amino- and di-amino-acids are met with in 
very varying amounts can only partly be attributed to differences 
existing in the chemical constitution of the albumin!'! from which the.y 

J W. Kuhne, Zeiisch'r.j. Bicl. 29. 1 (1892), 30. 221 (1894). 
'l E. Sehulze, Zeitschr.J: pkysinl. Ukem. 22. 435 (1896), 

, E. SMQlze, wul.l!4. 276 (1897). 
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were obtained. In what amounts any acid will he found depends 
primarily on the stage which germination has reached in a plant. 

Of especial importance arc fiually the inyestigations into the nature 
of tyrosinase, 1"hieh weN' made hy Bertrand,l Gonnermann,2 and 
others. This tyrosinnse is a ferment which is liberated in dying 
vegetable cells j it converts tyrosill into homogentisinic acid, and 
causes thereby the Llackening or darkening of beetroot juice, of cuti'3 
into plants, etc. Biedermann,s Y. FUrth and Schncider,4 and Przi
bram ·1 have also demonstrated the presence of tyrosinase in animalf>, 
e.g. in the secretion of the midgut of the mealworm,3 in the hremo
lymph of hutterflies, and in the ink-sac of sepia,ii It convert.s, 
according to r. Fiirth and Schneider, trrosin, but also pyrocatechin, 
hydl'oquinone, supral'enin, and oxyphenylethylamin, into dark bodies, 
'which in their behaviour closelr resemble tIle melanins. These dark 
bodies, and also melanin, are produced as the result of oxidation. 
nucceschi 4. succeeded also in changing tyrosin into darkly coloured 
hodies hy means of careful oxid:lt,ion with chlorates. See also p. 580. 
dmpter XII. 

:1. Disinte{Jration during the l1fetallolism of Allimals.-~The changes 
which nucleo-proteids undergo as the result of auto· digestion ~re dealt 
with later. See p, 431-

The alhumin, taken as food, is converted in the alimentary canal 
of the higher animals by means of the four proteolytic ferments, pepsin, 
trypsin, erepsin, and arginase, into primary crystalline dissociation
products, the amino-acids, etc., which are then absorbed in this form.5 
'Vhether a part of the albumin taken as food can or cannot be 
absorbed in the form of albumoses, peptones, and peptids, is a question 
which has not yet been settled,!; and which cannot be discussed here. 

Aromatic amino-acids have been specially studied by the following 
investigators :-

E.. and H. Salkowski' believefl that non-aminated acids which are 

I Bertra.nd, rend. 122, 1215 (1896); vgl. H, Steudel, Deutsche med. 
'Wocltcnschr. 1900, p. 

2 M. Gonnermann, l'ftiiger's Arch. f. d, ges, Physiol. 82. 289 (1900). 
a "Y. Biedermann, ibid. 72. 105 (18gB). 
~ O. v. Fhrth and H, Schneidf'r, HojmeifJtfJ1"'s Beitrii.gt, 1. 229 (1901). 
f> A. Schmidt·Millbeim, Arch. f. (Anat. u.) Physiol. 1879, p. 39; O. Cohnheim, 

Zl'itschr, I. physiol. Ohen<- 35, 396 (1902), 36. 13 (1902); F. Kutscher and J. See· 
mann, ilJid. S4. 528 (1902) ; O. Lowi, Arch,f, experiment. Pathol, u. Pkarmakol. 48. 
305 (190"). 

g E. FiJkl:ber and E. Abderl;lIl.lUen. Zeitschr. f. physicl . .alwm. 39. 81 (1903); G. 
Embden and F. Knoop, Dqfmeister's Beitr. 3. 120 (1902). 

7 E. &nd,::~ Salkowski, Zeitschr.j. physiol. Chem. 7. 169 (1883). 
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homologous 'with benzoic acid bOCltmc converted into benzoic acid if 
the side-chain contained more than two carbon 11toms, or if the 
stahility of the side-chain ,vas weakened by the replacement of one 
H atom hy on, or the replacement of :!H hy 0, as in henzoyl
carboxylic acid j but Schottcn I showed that mandelic acid 
C"H[j' CH(CH)COOH remained unaltered, and explained the pceuliar 
position occnpied by phenyl-alanin and tyrosin amougst all a,romatic
substances, inasmuch as the$;,c two acids arc oxidiseJ almost COlll

pletel,'" in the hody, us due to the side-chain of the benzene-nucleus 
possessing a 3-0 chain, the central C of which contains the NH:! 
group. Bunge has explained the non-oxidation of phenyl-acetic, 
C"H,~CH,. COOH, and manuelic acid, C'#5' CH(OH)COOH, hy 
!l.ssuming that the non -oxidisable radical.\; q)-I;) and COOH prot.ect 
the UBi and CH(OH) groups. This vjew cannot, however, he accepted, 
for l)ohl:; has ShCHYll malonic acid, COOH-CH,,-COOH, in which 
CH:l stam~s between two carboxyl-groups, to dis~ppear in the uody 
to the extent of over 90 per cent, and diphenyl-methane CoH;,
CH2-C6H 5 is oxidised into C6H,'i-CH2-l't,;H4-OH. 

Knoop 3 has also studied the changes which the aromatic fatty 
acids undergo in the body. Such radicals ~lS ells, CH2--OH, CHO, 
and CHz·--NH£ attached to benzene, C6H()' are as a rule oxidised to 
CO. OB, and the benzoic acid, CeHs-CO. OH, formed in this way 
then links all to glycocoll, CH2(NH2)-CO . OH, to form hippuric acid, 
CuH,. CO--NH. CH,COOH. 

Tyrosin, phenylalanin, and a-amino-cinnatnic acid, C6Hfj' CH2 • OR 
(NH2). ODOR, are completely oxidised, while phenyl-propionic acid 
a.nd cinnamic acid, C6Hi)' CH ; CH . COOH are changed into benzoic 
acid. The earbon~chain remains unaltered in phenylacetic acid, 
C6H 5-CH2 • COOH, and also in its substitution products: mandelic 
acid, C,H,. CH(OH)COOH, and phenyl-amino-acetic acid, C6H,. CH 
(NH2)COOH, only that in the latter the amino-group, NH" is replaced 
hyOR. 

Phenyl-propionic acid on being converted into benzoic add cannot 
pass through the stage of phenyl~acetic acid, as otherwise the latter 
compound ought to appear in the urine. It follows, therefore, 
according to Knoop, that the oxidation of phenyl-propionic acid can 
only occur in the f3- and not in the a-position. 

Administered in gelatine capsules to dogs, 2 grammes of-

Phenyl-propionic acid wat:; converted into hippuric acid, 

1 Schottl!R, Zeilschf'. /. physiol. Chem. 8. 68 (1883·4). 
2 Pahl, Area./. experim. Pat/wl. 87. 413 (1896). 
3 FrBJl.Z Knoop, Hoj'l1leistf!/f's Bcitriige, 6. 150 (1901). 
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Phenylacetic acid was converted into 

Ethyl-henzene 

itlandelic acid remained 

phenaceturic acid 
(no hippuric acid), 
hippuric acid 
(no phenaceturic acid), 
unchanged. 

There is thUR a marked difference between the oxidation of an 
alcohol (cth,y]-henzone and its' cOIT('):;ponding acid (phenylacetic acid). 

Phenyl-butyric, phenyl-a-laetic, phenyl-pyro-uvic ~and other five 
acids examined b,Y KllOOp) containing more than ~C in the side-chain 
dirl not give rise to hen zoic acid. 

Jt, has alr('ady heen pointed out that phenyl-propionic acid can 
only herome oxidisctl in the /)-positioll, and this rule seems to hold 
good for all saturaterl, normal, terminally phenyl-substituted fatty 
acids; anall)~ous changes seem to take lllace in din.betes ,,,hen oxy
hntyric and acct-acetic acid appear in the urine. In the case of 
phenyl·alanin alld nthel' (L~snbstituted phenyl-propionic adds, and in 
phenyl-u-amino-cinnamir acid, the n-substitution seems to make (3. 
oxiJution impossihle, and it must be assumed that the substances last 
mentioned undergo some other change. before they become oxidised. 

Kencki and ~chnlty.en::; 1 were the first to show that leucin and 
glycocoll Hflminist,ered in the food give rise to urea. Salkowski ~ COll

firmed this observation, and ohtained similar results wit,h sarcosin 
and alanin, while Knieriem 3 and Salkowski 4 found aspartic acid also 
to increase the urea output. 

The extent to whiGh the admin:istration of various amino-acids 
will aIlow animals to maintain their nitrogen equilibrium was first 
studied hy Loewi,:' who show'ed that such end products of digestion, 
which no longer give the biuret-reaction, are still able to replace the 
:Llbumins destroy('d during the metabolism. 

That amino-acids, when given in moderate amounts [glycocoll up 
to 5 gMns., i-alanin (3 grms.), leucin (8 grms.), phenylalanin (3 grms.)], 
are completely broken up, has been shown by Abderhalden and 
BergelL6 Given in excess (25' grms. to a dog), glycocoll appears 
partly unchanged in the urine (Salkowski), and tyrosin given to 
rabbits gives rise to tyrosin-hydantoin, according to Blendermanns.7 

1 Xencki amI SchUItZCllb, Zeitsclt'/'~f. Riol. 8. 124 (1872). 
2 Salkow~ki, Z,.'Ufll'hr. f. physio/. Chern. 4. 100 (1880). 
~ I\..tW,tri.em, Zeitschr. j. Bioi. 10. 263 (1874). 

\ ~. ~1tttwski, Zcituhr. J. pt.ysiol. Ohem. 42. 213 (1904). 
II O. Loewi, Arch.f. f'.xperim. Pathol. n. Pharm. 4S. 303 (1902). 
6 Abderhalden and BergeU, ilJid. 39. 9 (1903). 
\~a.erruanns, ibid. 6. 234 (1882). 



CHANGES DURIKG METABOLISM lV~ 

Stolte 1 injected one rabbit weighing abollt 3000 grms. with PUI'C 
preparations of glycocoll, alanin, aspartic and glutaminic acids, phcnyl
alanin, tyrosin, and leucin, ,,-ith this result: 

1. The aromatic mono-amino-acids (tyrosin and phenylalanin) do 
not give rise to an increased urea output. 

2. Certain mono-amino-acids (al{min, aspartic acid, and glut:lminic 
acid) increase the urea output, but appear also partially in 
the urine. 

3. Certain mono-amino-acids, if f,':iYcn eYen in large amount~ 
(glycocoll and lencin), arc hroken up so completely in the 
body as practically never to appeal' in the urine. They, of 
course, give rise to a lal'ge increa.se in the urea output. 

The change which amiuf)-acids undergo in the hody is prohably 
over the stage of oxy-acids, as occurs, e.g., in plants and in alcaptonuria 
when tyrosin and phenylalanin are changed into llOmogentisinic acid 
(see p. 114). It is quite an open question whether the carbon-chain, 
after the splitting off of the nitrogen 'which forms urea, brenks up 
still furt,her, or whether it js made use of in the bujlding IIp of other 
non-nitrogenous substances, such as carbohydrates and fat. 

Y. Henriques and C. Hansen 2 have fed rats on casein hydrolysed 
by H 2SO * or Hel and casein digested by trypsin + erepsin in toluol 
water, and found that ca$ein hydrolysed by acids gives rise to 
products which cannot keep an animal in N -equilibrium j while the 
products of casein digestion obtained with trypsin + erepsin not only 
cover the N-Ioss, but even allow of N being stored. The nitrogen· 
equilibrium is also kept up by that it-action of tryptically-digested 
casein which is not precipitable by phol'lpho-tungstic acid) i.f. by 
mono-amino acids. Those compounds of tryptic digestion which 
are soluble in 96 per cent alcohol heated to 5{t also maintain 
N-equilibrium, while the alcohol-insoluble fraction docs not. 

Abderhalden and Rona 8 also find that rats and dogs fed on the 
products obtained by hydrolysing casein by means of acids only live a 
few days longer than animals not fed at all, while dogs fed on casein
products digested tryptically till the biuret-reaction is no longer 
obtainable can maintain their N-equilibrium. 

Wohlgemuth 4 on feeding rabbits with the inactive or racemised 
mono-amino acids, tyrosin, leucin, aspartic acid, and glutaminic acid, 
found that the inactive acids became dissociated during metabolism in 

1 Karl Stolte, Hofmeister's Beii'rage, 6. 15 (1903). 
II V, Henriques and C. Han:;;en, Zei.tsdw.J. physiol. Ohem. 43. 41i (1905)_ 
:I E. Abderhalden and P. Rona, ibid. 48. 528 (1904}, and 44. 198 (l905). 
4- J. Wohlgemuth, Her. d. deutlloo.. chem. Oesch. 38. 20M (1005). 
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such tl way that the component occurring normally in the body wa',; 
oxidiscd as far as it could he assimilated, while the anormal (' kurper
fremde ') componellt ,vas excreted partly or completely in the urin. 
If, for example, the tyrosin occurring' normally in animals is the 
dextra-rotatory tyrosin, then it would he acted upon, while the laevo
rotatory tyrm,in which accompanies it in the raceme-tYl'osin would he 
eliminatorl. 

The part played hy kl'catiu and kl'eatinin in metabolism is 
l}iscoycred by Czernecki,l while the fate of indol and skatol, ,,,hen 
introdnccu into the hody, has been studied by Grosllcr.2 

"CmLer:1 believes to hayo altered the composition of albumin in 
the hody auritlg starvation by the administration of benzoic acid. 
The latter, by linkill~ on to glyeocoll, gives rise to hippuric acid, 
which, hcillg excreted by the kidney, leads to a diminution in the 
glycocoll-eon text of albumins. Ahderhaluen, BergeIl, and Dorphing
hans <1 do not agree with this, hut the po~sibility of altering the 
composition of albumins is beyond doubt, for, apart from the 
}jistological eyjdence which the author possesses and which shows 
that it is possible to excite or suppress nuclear activity at will, 
and upn.rt also f!"Om the evidence that protamins are derivatives of 
ordinary albumins (see p. 4-20), there is the strong evidence adduced 
hy \Yakemann,:; who has shown phosphorous-poisoning to attack that 
nucleus of the albumin-molecule which contains most nitrogen, as is 
proved by the fact that the amount of arginin, histidin, and lysin 
hecomes diminished to a greater extent than does that of the mono
amino-acids. The albuminous substances which are left behind in 
phosphorous - poisoning are poorer in nitrogen and in the basic 
constituents of the cell. 

In the follol\'ing lJages the action of intracellular enzymes on 
the albumin molecule will be discussed. 

Kossel in 1898 G first expressed the opinion that proteolytic 
fermonts might act on imide-groups of the albumin~molecu1e. In a 
second paper 7 Kossel 11nd Dakin divide ferments into two classes: 

1. Oxy-lytic ferments, which loosen the O-link by which the 
radicals are kept together in the fats and carbohydrates. 

1 W. Czernecld, ZeitschT./.physwl. Cltem. 44.294 (1905). 
Cl P. Grosser, ildd. 44. 321 (1905). 
~ F. Umher, Bal. ldinische Wochenschl·ift, So. 39 (1903). 
4, E. Abtierhalden, P. Bergell, and Th. Dorpingllans. Zeitschr.f. physiol. Ckem. 41. 

153 1100<). . 
Ii A. 3. Wakemrulll, ibid~ 44. 335 (1905). 
It A. Kossel, ibid. 25. 188 (1898). 
i A. ~Land H. D. Dakin, ibid. 41. 321 (1904). 
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q Imino-lytic ferments [including also the amino-lytic fermentR 
acting on the amlno-groups of urea]. 

The imino-lytic ferments arc again subdivided into--
(I) Trypsin and erepsin, which separate the imide KII from the 

neighbouring carbonyl CO, according to the general formula : 

CO-~H-C becomes COOH, ;:;;JJ,-C; 
(1) (2) (1) (2) 

or as in the case of arginin : 

CO-NH-C~lI-~H-C becomes 
(1) (2) 

COOH, NHo-CNH-NH-C; 
(1) - (2) 

/NU, 
(2) Arginase, which separates off urea or CO" from arginin. 

NH2 

NH" CNH, NH. CgH" GIINH" cacm + H,O ~ 
NH" CO. NHs + XH2 , CgHG • CHNH" COOH. 

The changes induced by arginase in al'ginlu are: proton (j3-clupeon) 
-> al'ginin _,.. ornit,hin _,.. Ul'cu, -> amino-valeriallic acid. The arginase 
may he extracted from liver-substance with water or dilute acetic: acid; 
it is also present in the mucous membrane of the dog's intestine, 
and its, probably, universal occurrence explains '\-yby al'ginin is absent 
amongst the products of autolysis.1 

A second paper on arginase by Kossel and Dakin 2 shows that 
ornithin remains attached to the albumin-molecule, while several or 
all of the arginin-cornpounds are attackeu in such a. manner as to 
liberate the urea-radical, or at least to become changed in some as 
yet unknown manner,3 

That arginase also occurs in the yeast has been shown by Shiga 4 

working under KosseL Shiga also found that arginase does not act 
On guanidin, which is the mother-substance of arginin. 

There are, further, some enzymes which behave analogously to 
putrefactive bacteria in splitting off the terminal carboxyl-group 
(see p. 103), and which convert lysin and ornithin into cauaverin 
and putrescin, and tyrosin into oxyphenylethyIamin. Werigo ,; and 

1 Kutscher and Seemann, ZeitseM. f. physiol. Chern. 34. 114 (190l), and 35. 440 
(1902), 

2 H. D. Dakin, Journ. oj Physi(JI. 30. 84 (1903). 
3 A. Kossel and H. D. Dakin, Zeitschr. f. phlP;wl. Chern. 42. 181 (1904). 
, K. Shiga, {bid. 42. 502 (1904). 
i) B. Werigo, Pfiilger'8 AreA!. d. gesallde Physwl. 51. 362 (1892). 
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Steyrer 1 found cadaverin during pancreatic digestion, Lawrow 2 and 
Langstein:; during gastric digestion; Lawrow fOGnd putrescin j 
oxyphenylethylarnin was found by I .. angstein during gastric digestion, 
and by I~merson 1 during pancreatic digestion. These reactions 
depend, of conrse, on special enzymes, n.ud not on pepsin or tr;vpsin. 
,Jacoby.) has olJsen-cd t1Hlt LlJe nitrogen which can he split off by 
means of magnesia, is increased during the autodigestion of the liver, 
and that the fixed nitrogen llecomes loosened somehow. 

The question of des-aminatioll of amino-acids has been specially 
gone into by Lang,·-· who studied the action of finely-divided tissues 
(liver, kidney, lymph-glands, supra-renals, testes, pancreas, intestinal 
mucous memhrane, splcen, muscle) OIl mOllo-amino-acids (glycocoll, 
tyrosin, phenylalaniu, leucin, cystin), on acid-amides (asparagill, 
glutamin, acetamide), and also on urea and glucosamin. 

A 11 the tissues j list mentioned act vigorously on asparagin and 
glutam-in; gluco~amin is readily broken up by t11e kidney and supra
renals, to a certain extent by the intestine, testis, liver, and spleen, 
very slightly by muscle, and not at all by the pancreas; urea was 
acted upon by the pancreas and to a certain extent by the liver, which 
also acts on glycocoll, acetamide, leucin, and uric acid. Lymph-glands 
and the spleen have no action on glycocoll. It will be seen that the 
power of desamination varies not oIlly greatly amongst different organs 
but also as regards the individual amino-acid radicals which are 
subjected to the influence of the tissue-compounds. 

\Yhen glycocoll is injected intravenously in dogs, a small percent
age is excreted unchanged by the kidneys, while the greater part is 
desaminated in the tissues, leading thereby to an increase of ammonia 
in the blood, according to Salaskin and Kowatevsky.6 

Amide-splitting enzymes are discussed by Shibata (see p. 99).7 
Trypsin and erepsin do not split off ammonia,S while arginase 

splits oft· urea as shown above. Albumins are altered beyond the 
stage .of the amino-acids, according to Kutscher,9 for this observer 
failed to obtain arginin, tyrosin, glutaminic and aspartic acids from 
autodigested thymus. 

1 R. L. Emerson, Hvfmeister's Beitr. 1. 501 (1902). 
2 D. Lawrow, Zeit1;{·hr./. physiol. OkfWI.. 3S. 312 (1901). 
:, L. Langstein, Hofmei.ater's Beitrag", 2 .... 229 (1902). 
" M. Jacoby, Zeitschlr.j. pkysUil. ahem" SO. 149 (1900), 33. 126 (19tH). 
5 S. Lang, Hofmeister's BdlTtige, 6. 321 (1904). 
6 Sa-la8kil)."$ad Kowatevsky, Ze-f.tflCkr. j. physiol. Chern. 62. 410 (1904). 
7 K. ~ Hojlll.eiMer's BeitTltge, 5. 884 (1904). _ 
6 J. Mochizuki, ibid. 1. 44 (1901); O. Cohnheim, ZeitschT. f. physiol. Ohern. 85. 

134 (H}02)... 9 F. Kutscher, ibid. 34. 114 (1901). 
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'Ve may, secondly, obtain ~s the result. of some pathological state 
cert..'1,.in illtermediate products of metabolism. Although we cannot 
with certainty exclude the possibility that' the car was not running 
prev-iously on wrong lines,' it is generally believed that ,ve are dealing 
with substances which aroSe normally, hut the oxidation of which has 
somehow beell interfered with, and that for this reason the substances 
leave the kidney in an unoxidised condition. This view is upheld ill 
the case of alcaptonuria by l\'byer,l ]\1ittelbach,2 Garrod,s Abderhalden 
amI Falta; 4. Garrod describea the COlldition as a 'chemical abnor
mality'-one might add, af3 an abnormality due to aITest of 
development (Cobnheim). 

The occurrence of mono"amino-acids in the urine during normal 
and pathological conditions has been stndied hy AhJerhalJen/"' Ahder
halden ~tnd Bergel],6 Ignat01vsJd j ' /lnd Abderhalden and 13a,rker,8 and 
Erben.0 For methods of studying the diamines of the urine ~see the 
paper hy Loewy and N enl)crg. lO 

Cystin has been observed in the urin 11 and also in the tissues 
in a ca~e of cystinuria_12 Other substances occurring in the urine 
are cadaverin and putrescin,13 which frequently accompany cystin, 
and the peculiar substances found in alcaptonuria. The chief sub~ 

stance seen in cases of alcaptonuria is, according to Baumann and 
\v"olkowU, and Huppert,l:; homogentisinic acid or dioxyphenyl-acetic 
acid, in addition to which KirkHi observed also uroleucic acid or 
dioxyphenyl-lactic acid. The latter is derived from tyrosin, and, as 
Falta and I .. angstein 17 have found, also from phenylalanin. The 

1 E. Mayer, Dr:nfsdt. Arch. j: {din. Merl. 70. 443 (I901). 
~ F. Mittelbach, iJdd. 71. 50 (1901). 
,~ A. E. Garrod, The Lancet, 1\)01, II. 1484; 1902, II. HilG. 
4. E. Abderhalden aIld Vol. Faltll, Zeitr;chl'. f. physiol. Chen •. 39. 143 (1903); W. 

Yalta, Bruder fitai'ur/. Ges. 15. Heft 2 
~ E. Abderhalden, Zeilschr, f. physioZ. 38. 557 (1903). 
(i E. Abaerhaldcn and Peter Bergell, ibid. 39. 9 and 464 (19u3). 
7 Alexander Ignatowski, ibid. 42. 371 (1904). 
8 E. Abderhalden and Lewellys. F. Barker, ibid. 42. 524 (1904). 
\l Franz Erhen, ibid. 43. 320 (1904.). 
It> A. Loe"wy and C. Neuberg, ibirl. 43. 355 (1904). 
II E. Baumann and L. v. 'Gdran5zky, wid. 13. 562 (1889), 15. 77 (1890). Com-

pare with p. 56 of this book. 
12 E. Abderhalden, ibid. 38. 557 (1903). 
13 E. Baumann and v. Udranszky, ibid. 13. 562 (1889), 15. 77 (1891). 
H M. Wo1kow and E. Baumann, ibid. 15. 228 (1891). 
15 HQ.ppert, Deutsch. Arch. f. !din. Med. 64. 129 (1899) ; Zeitschr. f. phY8iol. Chem. 

23. 412 (1897); NeQ.bauer and Vogel's Harnanalyse, 10. AutI., by H. Huppert, 
Wiesbaden, 1898, p. 243. 

16 R. Kirk, from Huppert. Harnanalys('. 
17 W. Falta and L. Langstein. Zeitschr. J: phy8~'.ol. Chern. 37. 513 (1903). 



114 CHEMISTRY OF THE PROTEIDS CHAP. n 

naturally-occurring, active phenylala~in is converted almost com
pletely into homogentisinic acid, while the racemosed phenylalanin 
is only converted to the extent of 50 per cent. The four constitu· 
tional formula:', ~ven helow show that, because of the simultaneous 
oxidation and reduction, changes take place not only in the side-chain 
but also in the benzene ring. 

o 
CH,CHNH,COOH 

Phenylalallin. 

HO O
OH 

CH,COOH 
Homogcntisillic acid, 

OH 

o 
CH2CHNH,COOH 

Tyrosin. 

OOH 

IIO 
CH,CII(OH)COOH 

Uroleucic acid. 

'Yhat changes aromatic acids undergo in the body in cases of 
alcaptonllria has heen cal'eiulJy studied hy Kenbauer and Fa1ta.,I who 
point out that a-phenyl-propionic acid behaves like phcnyl-alanin and 
tyrosin in increasing the output of homogentisinic acid. 

Baumann and v. eddnszky, Abderhalden, and Abderhalden and 
Falta have proved that alcaptonuria, cystinuria, and diaminuria are due 
t.o abnormalities in the metabolism and not due to intestinal putrefaction. 
The occurrence of amino~acids in the urine in cases of phosphorus 
poisoning and in acute yellow atrophy of the liver is also dependent 
on faulty metabolism.2 

Drechsel 3 has found cystin also in the Donnal liver. The taurin 
of the bile is a derivative of cystin.4 See p. 59. 

By analogy we may further reason that all substances which on 
introduction into the body do not become oxidised, are not produced 
in metabolism (Cohnheim). 

The carbohydrate-radical of albumins is discussed on p. 154-. 
Nothing is known as to relationship of albumins to oxyproteic 

acid,5 uroproteic acid,t' and uroferric acid,7 substances which have 
been Iound III the urine. . 

lOtto Neubauer and W. FaIta, Zcitsckr./. physiol. Chem. 42.81 (1904). 
J E. Abderhalden ano. P. Bergell, ibid. 39. 464 (1903). 
~ E. Drechsel, Arch.j. (Anat. 1l.) Ph'lls.1891,p. 243; Zeit.lUihr.f. Rial. 33. 86 (1896). 
-.I G. v. Bergmann, H(ifmeistw's Beit ... 4. 192 (1903); see also J. Wohlgemuth, 

Zeitscnr. /. physiol. ahem. 40. 81 (1903). 
II Bondzynaki and R. Gottlieb, Centralbl. f. d. med. Wigse1I.8ch. 1897, p. 577; F. 

Pregl.J{!;Uq« .. l,~ A_.n:k. f. d. gt:'S. PhNsi(1{. 75. 87 (18&9) ; Bondt-yuaki and K. Panek..lkr. 
d. delJitch..>-c/u.m. Gcrs. 35. II. 2959 (1902). 

6.M. Cloetta., Arch. f. exper. Path. u. Plulrm. 40. 27 (1897). 
, o. ~., _T. J.phy.wl. Chem. 37. 251 (1903). 



CHAPTER III 

ON THE SYNTHESIS OF ALBCMINS 

IF the biuret-reaction is the most characteristic test for albumins, 
then we must regard Schaal 1 as having l,een the tirst to prepare
without knowing it, however-a synthetic compound. resembling 
albumin, when he condensed aspartic-acid chloride in a stream of CO2 

at 200'" into , .... hat SchiiTZ has subsequently called polyaspartic acids, 
(the octo-aspartic acid is described on p. 147). Grimaux then showed 
in 1882 3 that Schaal's compounds give the biuret-reaction as do also 
compounds he prepared himself by melting asparagin alld urea to
gether. The new substances formed by this last reaction were typically 
colloidal in nature. 4 

'While working at the synthesis of hippuric acid, according to 
Desaignes' method,fi Theodor CurtiUB found in 1881 6 that benzoyl
chloride acting on silver glycocollate produces hippuric acid, hippuryl
amino-acetic acid [or benzoyl-glycyl-amino-acetic acid or benzoyl 
glycylglycin],7 and a y-acid. 

C6H,. CO. Cl+NH2 . CH,. CO. OAg= 
benzoyl chloride + silver - glycocollate : 

(1) hippuric acid. 
CcH5CO-NH. CH, COOH 

(2) benzoyl-glycyl-aUlino--acetic lwid_ 
C6H,CO-NH. CH2 • CO-NH. CH,. COOH 

(3) benzoyl-pentaglycyl-amino acetic acid; which is identical witb 
the y-acid. 

C,H,CO. (NHCH,CO),. KHCH,. COOH 
I Ed. Schaal, Liebig's Annalen., 157.24 (1871). 
2 H. Schiff, Ann. d. Ohern. 303. 183 08f'S) mld 307. 231 (1899). 
~ Ed. Grimaux, RuU. soc. chim. 3S. 64 (1882). 
4 These references are quoted from Hofmeister's article in the Ergebnisse d. Physio-

tI.Jgie 1., I, p. 790 (1902). 
:.. De88,ignes, Jahrcsb. d. G'lUIn. 1857, p. 867. 
6 Theodor Curtius, JI)U!I'»./.prakt. Chern. [2J 24. 239 (lS81). 
7 Fischer and Fonrneau have given the term glycyl to the radical (Xfi..lCHjlCO). 

Glycyl-glychl=2 molecules of glycocoll or glycin minus one molecule of water. Ber. d. 
dtukch. chun. Ges. 34.2868 (1901). 
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The ,·acid of 1881 had its constitution, however, only explained in 
1904 by Curtius and Bcnrath,l after Curtins and 'Vustenfeld 2 had 
found, that in building up glycyl-chains by means of acid-azicles all 
the higher chains beginning with the triglycyl compound gave the 
1iurct-reaction. 

The so-called' bimet-base' of Curtius was first obtained in 1883 3 

by the spontaneous decomposition of glycocollester, which can readily 
he obtained by suspending glycocoll in ethylalcohol; passing dry 
Hel into the alcohol; sllspending the glycocollethylester chloride in 
ether and shaking it with dry siJveroxido, then remo"rjng the silver
chloride b~T filtration, drying the ether with barium oxide and distilling, 
Glycocollcthylester is a clear, basic fluid, boiling at 148" to 149".4 

The glycocoll-ester obtained in this way gave rise, in addition to 
the hiurct-ba.se, to glycin-anhydride (XHCH2COh.5 

Tlw nature of the' biuret-Lase' could not be explained by Curtius {\ 
till E. Fisher';" succeeded in converting the cyclic glycin-allhydride 
into the open-chain glycylglycin, which is the mother substance of 
the hippuryl-amino-acetic acid prepared by Curtius in 1881 (see above). 

HX -CII.,-C = 0 
I - I 

O~G-GH,-NH 
Glyeo~oll anhydride. 

H,N-GH,-C ~ 0 
~ I 

HO. OG-GH,-NH 
Glycylglycill. 

Bchwarzschild b is of the opinion t.hat the biuret-base of Curtius is 
built up of 7 glycocoll-molecules in an open chain, which would make 
the base into 

NH,. GH,. CO (NHCH,CO), XHCH,. CO. OG2H, 
Aminoacetyl-pentaglycyl-amino-acetic acid-ethyl-elJter, 

Cl1rtil1s, Gl1mlich, and Levy 9 state, however, that the biuret-rose 
which results from the spontaneous transformation of glycocollester is 
a tetraglycyl-compound : 

NH2 • CH,. CO-(NHGH2 GO),-NHCH, CO. OC,H, 
Aminoacetyl-bisglycyl-amino-acetic-aeid-ethyl-ester. '. :':. 

1 Th. Curtius and Benrath, Ber. d. deutsch. chen, Gesell. 37. 1279 (1904). 
2 Th. Curtins, ibid. 35.3226 (1902); R. Wllstenfeld, tiber.d, Bildung von Glycyl_ 

kcUtn mittels &twl'eazidcn, Dissertation, Heidelberg, 1903, 
3 Th. Cur-timl, lkr. d. deutsc/l. demo Gesell. 16. 755 (1883). 
4 Curlius and Goebel, Jour-It./. prakt. Chem. [2J 37.170 (lBBS). 
~ Th. Owns, ibid. 23. 3041 (1891). 
6 Th. cttrtill8 and Goebel, ibid. [2] 37. 170 (1888). 
7 FiScher and E. ]<'ou1"Oeau, Ber. d. deutsch. chern. Ge8. 34. 2868 (1901). 
S Schwarzschild, Hofmeister's Beit. 4. 162 (1904). 
11Th. Qittius, Ber. d, deut3ch. chern. Gesell, 37. 1284 (1904). 
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The substance which Schwarzschlld examined must have been a 
mixwre of the binret~base and glycocoll-anhydride, for these two 
combine, according to Curtins, to form definite chemical compounds. 

The drier the glycocoll-ester the greater is the yield of the biuret
base, and inversely the less the formation of glycin-anhydride. Levy 
working in Curtins's laboratory found that glycocoll-ester mixed with 
one third of absolute ether is converted) in the course of a few weeks, 
into the biuret-base to the extent of 99 per cent. 

Gumlich has prepared an anhydride of the triglycylglycinester 
or biuret-base,l as has also E. Fiscber.2 

The biuret..hase is readily soluble in warm wfI,ter; gives a strongly 
alkaline reaction, and is sUghtly soluble in hot chloroform and 
acetic ester. "Then boiled with water it becomes converted into a 
gelatinous substance. It. attracts the CO2 of the air and in 10 
per cent ,vatery solutions gives the following reactions common to" 
albuminom:, substances: 

1. 'With caustic potash and copper sulphate the biuret 
reaction. 

2. Ferric chloride gives a brownish red precipitate, soluble 
in an excess of the reagent and in much water. 

3. Copper sulphate and acetate cause after a short time a 
turbidity and then a blue precipitate, very slightly 
soluble in excess of the reagents. 

4. Mercuric chloride causes a precipitate which, at first, 
dissolves again, but then ultimately becomes permanent. 

5. Lead acetate gives an immediate white precipitate insoluble 
in excess and on dilution. 

6, Strong Hel and H2SO, dissolve the base without altering 
it; strong HNOg decomposes the substance after a short 
time, gas ,being given off under a violent reaction. 

7. Phosphomolybdic acid forms a yellow precipitate, soluble 
on hea.ting and in much water. 

8. Tannic acid gives at once a brown precipitate insoluble in 
excess and on dilution. 

9. Picric acid throws down from saturated $olutions of the 
base or its hydrochloride a precipitate which i$ fairly 
soluble in water and less soluble in a1,cohol. 

Iodine-pDta.ssium-iodide produces in a s}lort time a brown pre
cipitate; mercury-potasslum-iodide a white precipitate; bismuth
potassium-iodide a yellow precipitate so1ub1e in much water. Ferro-

1 Gumlicb, Ber. d. d.etttsch.. ehell~, Gas. 37. 1300 (HI04j. 
2 E. Fisher, ibid. p. 2501. 



118 CHEMISTRY OF THE PROTEIDS CHAr. 

cyanic acid and trichloracetic acid give no precipitate. From watery 
solntions the base crysta1liSles in feebly anisotropous platelets, which 
begin to change at 218" and decompose at 270°, becoming black, 
without melting however. 

Curtiu;, 1 with the help of "~iistenfeld 2 has also prepared the 
following benzoyl-amino-acid compounds: 
benzoyl-amino-acetic acid (hippuric acid). Melting point 1 ~7:'. 

CGH;,CO. NHCH,. COOH. 

benzoyl-glycyl-amino-acetic acid. Melting point 206'5°. 

CGHe,CO. NRCH, CO. - NHCH,. COOH. 

bellzoyl-bis-glycyl-amino-acetic acid. Melting point 215°.216'. 

C6R,CO. (NHCH, CO), - NRCH,. COOR. 

benzoyl-tri-glycyl-amino-acetic acid. Melting point 23510. 

CaH,CO. (NHCH, CO)3 - KHCH,. COOH. 

benzoyl-tetra-glycyl-amino-acetic acid. Melting point 246°-252~. 

CuR5CO. (NHCR, COl. - NHCH,. COOH. 

benzoyl-penta-glycy l-amino-acetic acid (y-acid). l\leltingpointa bout 2 68 ~. 
CBR5CO. (NHCH, CO), - NHCFf,. COOH. 

The benzoyl-bis- to the benzoyl-penta-compounds and all their 
derivatives give a violet colour with Fehling's solution. On boiling 
the above acids with concentrated Hel they dissociate into benzoic 
acid and the respective numher of glycocoll-molecules. There is no 
tendency to ring-formation or to dissociation. The acids are slightly 
soluble in cold water, more so in hot water, giving a marked acid 
reaction; less soluble with alcohol j with alkaline metals they form 
readily soluble salts and are precipitated from such solutions by the 
addition of acids; their esters, bydrazides, and azides are readily 
prep~.red. 2 

,\Vith the view of introducing acyl-groups 3 into glycocoll, Curtius 4-

has further employed acid-anhydrides instead of acid chlorides, thus: 

(OH,. CO),O + NH2 • OH,. COOH = CH,CO. NHCH,. COOH 
Acetic acid anhydride + glycocoll aceturic add. 

I Th. Curtins, Journ.f pratt. ahem. [,2] 70. 57 (1904). 
2 Curtius a.nd Wii.rtenfeld, iUd. N.F. 70. 75 (1904). 
3 Acyl :13 .. collective term which Liebermann introduced for the acid radical of fatty 

ru:ids, --J;h.Ul 1ft: acetic acid, CHa. COOH, acyl means the acetyl·remainder: CHs . CO 
while the analogous acid radiCal& of the homologous fatty acids are formyl: II. CO ; 
pl'Opibnyl: CHlI' CHz• CO; butyryl: CHs ' CIl,. C~. CO. 

" Th.~ll8, Ber. d. deutsCh. ~hem. GfNlell. 17. 1662 (1884). 
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In this paper, while describing the action of benzoyl chloride on 
silver glycocoll3.te, Curtius states, 'in addition to hippuric acid, a 
series of acids is formed in which each successive member contains 
one "glycocoll minus water» or "NH, CH2 . CO-group)I morc thl\ll 
does the preceding one.' All the recent work of Curtins and his 
pupils 1 is hased on Schotten-Baumann's method of benzoyhtioD, and 
on the principle of substituting acid-uzides for acid-chlorides.!! 

HydraziJes are derived from acids by substituting -NH. NH2 for 
tlH~ hydroxyl group, OR; while azides are obtained by substituting 
the radical N3: 

CO.OH 

/" 
I I 
,,/ 

Benzoic acid. 

CO-NH.NE., 
/" -
I I 
,,/ 

Benzhydrnzilie. 

glycocoJl 

/
N 

CO-N II /" "N 
I I 
,,/ 

BCllzariue. 

=hippnric add+nitl'ohyddc acid. 

The synthesis of hippuric acid from benzazide and glycocoll is, 
according to Cuttins,:I a very satisfactory one, as shown by the 
results his pupils Hallaway and Darmstaedter obtained; 4, he therefore 

1 Th. Curlins, Ikfr. d. deutsch. chern. Ge.sell. 35. 3226 (1902). 
1. .{ourn. f. prakt. Chem~. [2J 70. 57 (introductory remarks). 

II. Cunills awl W1istenfeld, ibid. p. 73 (glycylchainsi-hippura.zide). 
III. Curtins and L. Levy, wid. p. 89. 
IV. Curtins and E. Lambotte, ibid. p. 109 (a.-aJanin+ hippul'azide). 
V. eurtius and C. F. van del:' Linden, ibid. p. 137 (linking up a-alanin and glycitt 

by means of benzoyl-alanin-azitie. 
VI. Curtius and H. Curtills, ibid. p. 158 (linking up aspartic acid chains with 

hippura~ide). 
VII. Curtius and O. GumIkh, add. p. 195 (~-amino-a.oxypropionic acid and #-amiU(). 

butyric acid +hippurande). 
VIII. CU1:tins and E. Muller, ibid. p. 223 (linking up of hippuryl''Y.atniuo butyric acid 

and bippuryl·.B~phenyba·alanin. 
IX. Curtius and W. Lenhard. ibid. p. 230 (interaction between acid azides and urea; 

action of phe1lylcarbaminic~acid·azide on glycocoll 
2 The azide.reaction descrihed above bolds also good for p. and 'Y.amino-acids. 
8 Th. Curtius, JlJ'll'rn, j. prakt. Chell),. [2] 50. 285. 
4 R. R. HaUaway, lJOer das Hydrat:id Ii/ltd AzU da-lIt- ... 'Wt·1'(Ihippurs(iure, Inaag. DiM. 

Heid~lberg, 1901; K ;Darmstaedter, UMr aM HydraM der n· TeI;ramdhylendikar· 
b.msaure (Adi_pimaure), luaug. Disaert. Heidelberg,1902. Printed by Karl Rossler. 
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extended the reaction to dibasic fatty acids, and prepared with Prings
heim 1 by uniting succinyl-azide and glycocoll, succinylglycocoll: 

CH,CO. NHCH,. COOH 
I 

CH2CO. NHCH,. coon, 
and with Darmstaedter by combining adipinic-acid-azide \"ith glycocoll, 
the adipinylglycin; 

CO. :'-IHCH, . COOH 
I 

(CH2), 

I 
CO. NHCH,. COOH. 

Halla.vay then subjected the azici('s of the substituted amino-acids to 
the Schotten-Baumann method, and found that they behaved as do 
amino-acid chlorides. He prepared from m-nitro-hippurazid the 
m-uitrohippuryl-amino-acetic acid: 

NO,. C6H,. CO. ~HCH,CO. KHCH,. COOH. 

The readiness ·with which this compound is formed led Curtius to 
reinvestigate the formation of hippuryl-glycins from hippurazide, and 
he succeeded n'ith the help of \Yiistenfeld 2 in converting hippuryl
amino-acetic acid: 

OCO . NHCH,CO. :m. CH2COOH 

into the -ester, + hydrazide -+- azide and then linking the latter 
with glycyl-radials. In this way benzoyl-penta-glycylglycin was 
obtained: 

OCO. (NHCH2CO),NH. CH,. COOH. 

This componnd, as already pointed out, is the 'i-acid which Curtius 
discovered in 1881. 

Curtin, and Levy by employing the glycylglycin and diglycylglycin 
discovered by Emil Fischer (seQ pp. 127, 128), have succeeded in 
building up the hexaglycylglycinester 

NH2 • CH,CO (NHCH,CO), NH. CH, CO. OC,H" 

and obtained also glycinhydra~ide, NH,. CH,CO . NH . NH" the 
amino-hydrogen of which is as mobile as it .ig in the glycinester 
itself, for Which reason glycinhydrazide is very suitable for building 

1 Halia -Pringaheim, tJber aas Hydrazid d. Pentametkyle'JUlikaroonsiiwre, Inaug. 
Disserj.. Heidelberg, 1901. 

2 Wi1~, Ber. d. dmtsoh. chern. Oes. 85. 3226 (1902). 



,u ON THE SYNTHESIS OF ALBUMINS 121 

up chains of amino-acids, as by the action of acid-chlorides or acid
azides, the acid radical enters the more strongly hask amino-group, 
while the hydrazin-reroainder is preserved as such, and the azide of 
the resulting product is Itt once ready to unite with other amino
acids. 

In addition to glycocoll Curtins has also coupled other amino-acids 
(~uch as alanin, aspartic acid, amino-lmtyric acid) by means of his 
azide-method. Thus, along with Lambotte, he first condensed hippur
azide with alanin, and then adding other alanyl-remainders obtained 
hippuryl-dia,lanyl-alanin: 

CGH500-NH. OH2CO. (NHOH(OH,)CO),. NHCH(OH,)COOH. 

To remove the glycin remainder derived from the hippurazid, and thus 
to obtain glycyl-free alanyl-chains Curti us and Linden used "Emil 
Fiseher's henzoyl-alanin: C,H"CO. NHCH(CH,>COOH; and they 
!-llso added two glycin-remainclers to benzoyl~alanin, and obtained thus 
henzoylalanyl-glycyl-glycin 

C,H5CO-}!HCH(CHs)OO-NHOH,CO-NHCH,COOH. 

Curtins senior v.-ith Hans Curtius have obtained from aspartic ac.id, by 
suhstituting for the Schotten-Baumann's reaction, the interaction of an 
azide and an amino-acid-ester dissolved in an indifferent medium, 
namely ether, the following branched compounds :.-

The slightly soluble, dibasic hippuryl-aspartic acid: 

C,H,CO. ~HCH,CO . NHCHCOOH 
I 
CH,OOOH. 

The very soluble 4-basic hippuryl-asparagyl-aspartic acid: 

C,H,CO-NH. CH,CO-NHO, HCO-NHiH. COOH 

OH,. COOH 

CH,CO. XHCH. OOOH 
I 

CH,. COOH. 

From the normal 4-acid hydrazide of the last compound on the 
addition of nitrous acid there resulted, owing to an internal splitting off 
of hydrazin, the formation of a dibasic hydrazi-azide : 
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C"H3CO~NHCH,CO~NHCHCO~NHCHCO~N3 
I . 
I CH,CO'IH 

CH"CO, NHCHCO~~;>i'H 
- I 

• CH,CO~N3' 

On coupling this compound with two molecules of aspartic acid the 
4-basic hippuryl-di-asparagyl-aspartic acid was ohtained: 

CGH5CO~NHCH2CO'-KHCI HCO~NH?HCO~NH~H, COOH 

CH2CO 'IH CH" COOH 

CHoCO~NHCHCO, KH 
• I 

CH2CO, NHCHCOOH 
i 

(JH,COOH, 

All the aspartic-acid-compounds give a violet colour with Fehling's 
solution. 

Many of the compounds are characterised by separating out from 
their solutions in a very swollen state, and even dilute solutions may 
form so stiff a jelly that the vessel containing them may be inverted. 
Under the microscope they appear, with the exception of hippuryl
aspartic acid, as globules, without any crystalline character, i.e. as 
colloids. 

On endeavouring to introduce the hippuryl-group into the amino
group of j3-amino-a-oxypropionic acid, Curtius and Gumlich only 
succeeded in getting hippuryl-a-oxy-f3-a.mino-propionic acid 

C,H,CO, NHCH,CO ' 0, (CH,NH,)COOH, 

while hippurazide and f3-amino-butyric acid yielded as usual the corre
sponding hippuryl-j3-aminobutyric acid: 

C6H5CO , NHCH,CO, NHCH(CH,)CH, ' COOH, 

By introducing the hippuric-acid-remainder into fj-phenyl-a-alanin 
(or ,8~phenyl·a~amino-propionic acid) Curtiu, and E, Muller obtained 
the hippury,l~,8~phenyl~a-alanin, 

C.H,CO, NHCH,CO . NH 
I 

,'!!I CoH. ' CH, ' CH ' COOlf. 
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An attempt made by Curtiu:; and Lenhard to build up long chains 
in which the carbaminic acid radical (NHCO), 'was to play the same 
part as the glycyl-radical (NHCH2CO), failed, because the carbaminic 
acid was decomposed into ammonia and ca,rbon-<iioxide, but phenyl
c:1fbamindiglycylglycin was obtained: 

C6H,NHOO. (NHCH,CO),. NHOH2 • OOOH. 

Some dissociation-products of hippura::ide-tompou1ids. 

If azides of mono-amino-acids are treated with ammonia. or anilin 
or alcohol, according to circumstances, either normal saponification or 
transformation into urea-derivatives supervcncs,l but on treating the 
u,zides of dibasic acids both phenomena may be observed in the same 
molecule, there being obta"ined compounds which are one half acid
"rnides and one half urea-derivatives. On hydrolysing these compounds 
the amino-acid chains are readily demonstrated. 

Hippenyl·urethane, C,H,OONHOH,NII. 00 . 002R" formed from 
hippurazide and alcohol, on being hydrolysed yields benzoic acid, 
ammonia, formaldehyde, carbon-dioxide, and alkohol: 

C6H,00. NHOH,. NH. 00. OO,H, + 3Hp ~ 
C,R,COOH + 2NH, + OROH + 002 + C,H,OR. 

The reaction leads thus from glycocoll to formaldehyde. 
Analogously hippuryl-alanin-azide + aniline form the urea deriva

tive, O,H,OO. NHCH,CO-NHOH(OH,)NH . CO . NHO,H, and this 
on hydrolysis takes up three molecules of water, and is converted into 
O,H,OO . NHOH,COOH + 2NH, + CH,CHO + 00, + 0eH,NH, 

Hippuric acid + ammonia + acetaldehyde + carbonic +anilin. 

By the a.ction of anHin 011 hippm'yl-aspartic-acid-azide is formed 
a compound which is half anilid and half carbanilid : 

O,H,OO . NHOH,OO . NHOHOO. NHO,H, 
I 

OR,. NHOONH. 06H,. 

On hydro1ising this compound besides hippuric acid, aniline and 
CDZ! also a-p-diarnino-propionic acid is formed: 

06H,OO. NHOH,OO. NH9HCO . NH06H, 

OH,NH . 00. NO,H,H + 3H,o = 

O.H.,OO . NHOH,COOH + NH,CHCOOH 
6H,NH, + 20,H,NH, + CO, ; 

, Th. Curti"" J""rn.j."",kt. 0Ium. [2J 50. 292 (1894). 
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this reaction illustrates therefore the transition of a dibasic mono~ 
amino-acid into a, mono-basic diamino-acid. 

Hippuryl-aspartic-acid-azide + alcolJOI forms the normal urethane: 

C,H5CO. NHCH,CO. NHCHNH. CO. OC,H, 
I 
CH,NH . CO . OC,H,. 

This compound by taking up four molecules of water gives rise, in 
adtlitlo1J to hippnTje acid, ammonia, CO:!I and aJcoho], to amino
acetaldehyde: 

C,PoCO. XHCH,CO . XHCHNIl . CO. OC21l, 
! + 4H20~ 
CH,NH . CO . OC,lI" 

C"H"CO, ;>iHCH,COOH + eXH, + NH,CH,ClIO + 2(;02 + 2C,H"OH, 

This reaetioH is complementary to the last onc, for by it a dibasic amino
:lcid is converted into the aldehyde of the monobasic glycocoll. 

Gumlich has in addition shown that the urethane, formed by 
boiling hippuryl-j3-amino - butyric-acid - azide ,,,,ith alcohol, on being 
hydrolysed, yields in addition to benzoic acid, glycocoll, CO2, and 
alcohol, aLm pl'opylenediamin. Out of a molecule of a substituted 
fJ-amino-hutyric acid there is formed in this way a dibasic acid of the 
ethylene~diamin series. 

Curtius points out the great interest of the conversion of glycocoll 
and other amino-acids into complex urea-like bodies which, on hydro
lysis, yield partly formaldehyde and its homologues, and partly amino
aldehydes. " The transformation of dibasic mono-amino-acids to mono
basic diamino-acids and the formation of a diamin of the putrescin-type 
from a monobasic mono-amino acid, opens up neWt far-reaching vistas, 
for do we not see a number of substances, such as formaldehyde, which 
are of importance for the synthetic processes in organisms, and also 
othel's such as diamino-acids which are formed during the hydrolysis of 
albumins, stand in relatively simple genetic relationship to the various 
mono-amino acids, and do we not meet with bodies identical with those 
\",hich are formed during tbe putrefaction of albuminous compounds." 

Schiitzenberger 1 combined leucin and leuceine with urea by heating 
with phosphoric acid anhydride, and so obtained colloidal compounds. 

Ba.lbiano and Frasciatti 2 converted glycocoll by heating with 

i P. Schii_berger, "Recherooes sur 1a syntl)(\se des matil~res albuminoides et pro
ttiques,'''' Chmpt. Rend. 106. 1407 (1888) and 112. 198. (1891). 

2 :Ba,lbiano and Frasciaiti, Ber. d. deutsrn. dum. Ges. 33. 2323 (1900); and 
Balbiano,_ iQid.- 34. 1501 (1900). 



glycerine into an anhydride which differed from that which Curtius 
obtained. The constitution of the new anhydride could not, however, 
be determined. 

Lilienfeld 1 states that with the help of \Y olkowicz he succeeded ill 

ohtaining the following results: Glycocol\~('thyl·ef\ter prep:tred by 
Curtius's method, see p. 116, is readily converted into the billret~ 

base by boiling with potassium bisulphatc 011 the water-bath. Simul
t:lIlcously di-methyl:tmin. carbon dioxide, and ethylether are given off. 
The formula Lilienfcld attributed to the hiuret~base is: 

/COCH2NH, 
NH" or 'di-mono-amidacetimid.) 

COCH,NH, 

On boiling the biuret-base or its clLrbona,te a flocculent precipitate 
separated out, which was insoluhle in ,vater, alcohol, and dilute acids, 
readily ~oluble in pepsin + Hel at 37~. 

By condensing the ethyiesters of leudn .. tyrosin, and glycocoll, he 
ohtained a substance which was precipitahle by ammoniacal basic lead
acetate. snbljmate; tannlc, phosphotllngst,ic, phosphomolybdic, and 
picric acids! and by mercury-potassium iodiJe, but not precipitable by 
nitric and Iwetlc acids or potassium-ferrocyanide. It further gave the 
reaction of Millon, the xanthoproteic test, the biuret-reaction, and the 
reactions of Adamkiewicz and Liebermann. 

The author fails to see ho\y I.il:ienfeld obtained t.he tl'yptophane 
reaction. 

Lilienfeld also states to have prepared a typical albumin by 
treating the base of Curtius with amino··acid-esters in the presence of 
small amounts of formaldehyde and a 'condensing medium,' the nature 
of which, I for obvious reasons; he has not divulged. 

A great step forward in synthetising substances resembling albumins 
was taken when Emil Fischer 2 commenced his important researches 

1 Leon Lilienfeld, Arch.!. (Anat. u.) 1894, 
2 E. Fischer and E. Fourneau, Ber. deutl.)ch. 

E. Fischer, ilrid. 35. 10M (1902) (t.]; E. Fischer (and P. Bergell}, 
of Proteids,' rortrag auf der Karlsbader .lYaturforsc!terversammlunu. 1902. 
Chernikerzeitung, 1902, II. p. 939; E. }<'ischer, 'Derivatives of Polypeptids,' 
deut~ch. chern. Gts. 36. 2094 (1903); E. Fis~her and E. Otto, 'Derivatives of 
Dipeptids,' ibid. 36. 2106 (1903); E. Fischer and P. BergeH, 'Behaviour of 
Dipeptide towards PlUlcreatic Ferments,' ibid. 36. 2592 (1903·); E. Abderhalden ami 
P. Bergell, 'Dissociation of Peptids in tIle Body,' Zeitl.)cnr. f. pkysiol. Ckem. 39. 9 
(1903); E. Fischer, Ber. d. deutsch. ckem. Ge.s. 36. 2938 (1903); E. Fischel; 
'Synthesis of PoJYFPptids' [11.J, Bel'. d. deutsch. chern. Ges. 37. 2486 (1904); E. 
Fischer, and UmetaI'o Suz.uki (111.], 'Derivatives of a.Pyrrolindin·carboxylic Acid,' 
ibicl.37. 2842 (1904). E. Fischer, 'Derivatives of Phenylalanin' [IV.], ibiil. 37. 
3062 (1904) ; E. Fischer and E. Abderhalden (V.], 'Derivatives of Prolin' (a-pyrrolidin-
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detailed below. He had previously synthetised all the simple amino
acids, bad split racemic amino-acids into their optically active com
ponents, see p. 20, had substituted, in preparing the esters of amino
acids, alkalies for the expensive silver-oxide-method of Curtins,l 
and had taught us to separate from one another the different amino
acids, in the form of theif esters, by means of fractional distillation. 
Using these new methods he succeeded in demonstrating many amino
acids, which had hitherto not been found amongst the dissociation
products of albuminous substances, as already point{:;d out on p. 21. 

That amino-acids by the introduction of alcohol-radicals lose their 
stability, as first noticed by Curtius, is a circumstance which has been 
ta.ken adyantage of by Fischer throughout the whole of his research. 
l'li8 aim has always been to unite amino-acids in the form of their 
esters, and to prevent the NHz-radical from becoming split off. 

Fischer and Fournea1l 2 having prepared glycocoll-ethyl-ester 
according to the plan of Curtius and Goebel, see p. 116, converted it 
then into the di-glycocoll-anhydride, or, as it is now usually called, 
di-acipiperazin. This ring-compound was finally cOllverted into the 
open-chain glycyl-glycin 3 by being boiled for a short time with concen
trated hydrochloric acid. Treating glycocoll-anhydride -with alcoholic 
bydrochloric acid on the other hand gave rise to glycyl-glycin-ester. 

NH2-CH2-CO.OII NH,-CH,-CO.OC2H, 
Glycocoll. GJycocoll-ethyl-ester. 

/CH,-NH" 0 _ C/CH,-NH, 

O=C"NH_CH/C~O - "NH-CH,-CO.OH 
Glycocoll anhydride + saturated boiling Hel 

or diacipiperazin -+ Glycyl-glycin. 

+ boiling alcoholic HCl 
., Glycocoll-anhydride --)- glycyl-glycin-ester. 

carboxylic acid), 37. 3071 (1904); Hermann Leuchs and Umetaro Suzuki [VI.], 
ibid. 37. 3306 (1904); E. Fischer and Umetaro' Suzuki [VII.], 'Derivatives 
of Cystin,' ibid. 37. 45~5 (1904); E. I'ischer alld Ernest Koenigs [VIII.], 'Poly
peptids and Amides of Aspartic Acid,' ibid. 37. 4585 (1904); E. Fischer and Peter 
Bergell, 'Dissociation of some Dipeptids by means of Pancreatic Ferment,' £bid. 37. 
3103 (1904). E. Fischer [IX.] 'Chlorilies of a.mino-acids and their acyl-deriutives,' 
ibid_ 38. 605 (1905). I'or references of papers X.-XIII., see p. 138. 

t E. Fischer, Bibher. d. Bert. Alcad. (1900) 1062, and Ber. d_ deutsch. dum. GM. 
34. 48J1 (10Q1'~ • 

2 JL~~er-iIJld E. Fouruean, Ber. d. deutsch. dUJm. Ges. 34. 2868 (1901)_ 
3 Fisher and Fournean have given the term 'glycyl' to the radical [NH2CH,;CO-] 

glycyI-glyc)n=.2 molecules of glycocoll, or gIrcin, minus one molecule of water. 
~ 
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From alanin anhydride was obtained alanyl-alanin: 

By acting in an analogous manner on leucinimide 1 with fuming 
hydrobromic acid, lcucyl-leycin was prepared: 

C,R, 
)JR-NH2 

O~C" 
NH-CH-CO.OH 

C\H{I 
leueyl-leudn. 

The three substances just mentioned, namely: 

Glycyl-·,lycin NH,. CR, _ CO-NH-CH,-CO. OH 
Alanyl-alonin KH,. CH(CH,). CO-NIl-CH(CH,)-CO.OH 
Lcucyl-Jeucin NH,. CH(C,H,). CO-NH-CH(C,H,)CO.OH, 

Fischer has called' dipeptids.' All three were obtained, as is explained 
ahove, hy the opening~up of a diaci-piperazin-rillg. 

It is also pointed out in this paper tha.t the instability of esters is 
cured by the introduction of radicals into the amino-group, for phenyl
eyanate-glycyl-g1ycin 

CsH,. NH. CO. NRCR,CO _ NHCR,CO. OR and 

carbethoxy l-glycyl-glycin-ester 

C,R50 . OC-NRCH,CO . NHCH,CO . OC,H" 

are very stable bodies.2 

The desire of building up simple anhydrides of amino-acids was 
awakened in Fischer by' his discovery amongst the products of partially 
dissociated ailk fibroin,3 of a body which was composed of glycocoll + 
alanin, and he therefore set about finding means for protecting the 
easily displaceable NH2-radical of amjno acids. 

1 First prepared by Bopp, Ann. d. Chem. 69_ 28 (1849)_ 
2 '1'0 make earbethoxyl-glyeyl-glycin.ester dissohe rapidly, by shaking, 5 grammes of 

gycyl-glycin·ester in 20 grammes of water; cool ill ice-water; add 4 '25 grammes (== li 
mol.) of chlorocarboxylic-ethyl-ester, CI-CO _ O~H~, then a.dd in three portion&, sbaking 
vigorously, 2-$ grammes of sodium carbon.ate dissolved in 20 ccm. of warnl water, alld 
then cooled. The amount of sodium carbonate iB just sufficient to bind all the halogen 
of the chlorocarboxylic-ethyl-ester. The carhethoxy-glycyl-glycin-ester is precipitated 
as a thick crystalline deposit; wash it "d.th a little water; dissolve in 11 parts of hot 
ester and preeipit&te v.:ith petroleum ether. 

3 Emil Fisclwt, Ohe1niker Zeitung, No. 80 (1902). 
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He fell on the plan of protecting the NH;? group by the introduc
tion of a carboxethyl- radical; and then uniting the carbethoxyl
amino-acid in the form of its ester '"ith other amino-acid-esters by 
gentle heating, and so obtained carbeth{)xyl-g1ycyl-g1ycyl-leucin-ester. 

Glycyl-glycin : 
KH2 • OH, . CO-NH . CH2 • CO. OH 

Glycyl-glycin-ester: 
N Hz. CH2 . CO-KH. Cll,. CO. OC2H, 

Carboxcthyl-glycyl-glycin: 
H5C20. OC-NH . CH2. CO-NH. CH2 • CO. OH 

Oarboxetbyl-glycyl-glycin-ester; 
HoCp. OC-NH. CH2 . CO-KH. CH2 • CO. OCzH, 

Carbcthoxyl-diglycyl-Ieucinester: 
C2K,O. OC-NIlCH2CO. NHCH,CO-NH. CH(C,H9)CO. OC2H5

• 

As complex esters are less given to form condensation-products along 
the line just laid down, Fischer converted amino-acids into their 
acid chlorid.es by adopting Hans Mayer's plan of preparing chlorides 
of pyridin-carboxylic acid bJ means of thionyl-chloride,l The amino
acids are first cOllverted into carbethoxy-compounds, and the latter by 
gentle warming with thionyl chloride into carbethoxy-amino-acid 
chlorides, for thiony 1 chloride, 80012, acts on organic acids analogous 
to POls or BOzOl:.!, giving acid chlorides; for example, butyric acid + 
thionyl chloride react thus: 

CSH7CO. OH + SOCl, ~ C,H7COCI + S02 + HCI. 
As the chlorides of carboxethyl-amino-acids readily unite with the 
esters of the same or other amino-acids, according to the equation, 

HoC2
0 . OC-NH. CH2CO-Cl + NH2CH2CO . OC2H, ~ 

Curboxethyl-glycin-chIoride + glycin-e..-ter 

H GC20. OC-~HCH2CO-NHCII2CO. OCsH, 
carhoxethyl-gl ycy l-glyciu -ester_ 

Fischer found it easy to prepare the esters of carbethoxyl-glycyl-glycin 
and of di-glycyl-glycin. The latter has the formula: 

(C2H500C). NH. CH2CO-NHCH,CO-NHCH2CO. OC,H,. 

By repeating the process with the products of synthesis, such as the 
dipeptid of glycocoll, it is possible to build up compounds con
taining 4 glycocoll-radicals in the, form (If anhydrides or cal'bethoxy
triglycyl-glycin-ester: C2H,O. OC-[NHCH,COl.-OC2H5 • 

By saponifying these compounds the corresponding acids are 
ob~ while treatment -with ammonia converts one of the ester
groups into an amide: 

1Q 1 Hans Mayer, M01laishefltf. Chem. 22. 11 (1901). 
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HO. oqNHcH,cols-NHCH,co. OH ~ 
triglycylglycin-dicn.ruoxylic acid; 

(',H"O. OC-[NHCH,C013NHCH,CO. NH, ~ 
carbethoxy~triglycyl-glycin-amide. 
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Analogously by uniting HGN with glycyl-glycin-ester there is formed 
a nrea-componud, namely, carbamino-glycyl-glycin-cster: 

NHpO. NHCH,CO. NHCH2CO. OC2Hs' 

and similarly it is possible to form f3-naphthalinsulpho-derivatives of 
dipeptids, and thereby readily to separate dipelJtids from mixtures. 

This method of converting amiuo..acid8 into their carboxethyls and 
subsequently into chlorides, enables Olle to couple mono- with di- and 
with oxy-amino acids, but it has the disadvantage that the carbethoxyl
group, CO. OC2Hf>, or in the free acids, the carboxyl-radical, CO. OR 
cttlillot be g<)t rid of,1 

To overeome this difficulty Fischer devised an entirely new 
method. Instead of linking amino-acids together by their carboxyl
COOH-end, he joined them by their other or ~H2-end. \Ve saw 
above that after converting an amino-acid into its carbethoxyl-deriva
tive it. WItS possible to introduce into the carboxyl-radical a ch10rine 
atome, which during synthesis became replaced by the NH-radical of 
an amino-acid-ester. Now, Fischer introduced a halogell~containing 

acid-chloride into the N H2-radical of an amino-acid, and then .substi
tuted in thp, synthetised product a molecule of ammonia for the 
chlorine-atom. 

Such acid radicals, as just referred to, are, for example, chloracetyl
chloride, CH:pl-COCI, and the chlorides of brompropionyl, a-brom
iso-capronyl, a-8-dibromvalery J, and phenyl-u.-brompropionyl By 
means of these fiye compounds it was possible to introduce glycyl, 
alanyl, leucyl, prolyl, and phenyl-alanyl, on the following lines: 

By the action of chloracetyl chloride CICH,-COCI, on alanin
.ster, there is formed CICH,CO-NH. CH(CH,)CO . OC,H" or 
chloracetyl*alanin~ester, which, on being treated with alcoholic NH3' 
has its ehlorine replaced by NHz ; alcohol is split off simultaneously 
and ring-formation occurs, there being formed methyl-diacipiperazin, 

1 By the use of an excess of alka.lies, glycyl-glycin.ester is converted into glycyl· 
glycin-ca.rboxylic acid, HO. OC. NHC~CO. NHCR2 • CO • OR, which can again be 
converted into a. neutral ester by means of alcoholic HOI, but the newly formed ester 
di8'ers in its properties from the original one. This rema.rkable fact seeDJ8 to hold good 
alao for oth~r &muuJ.aeids. Fischer cans the original ester, the a.-ester, and the 
8ooondariJy-{onned ester, ~·est.er. 

K 
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con~isting of the anhydrides of the two different aliphatic amino-acids, 
namely, amino-acetic rmd amino-propionic acid: 

() C /NH--CH,,,C ~ 0 

"CH(CH,)-KH / 
\letllyl-diacipipcrazill. 

Acting ill the same W(lY with chloracetyl-chloridc on glycyl-gly
tin·ester, C1CH,. CONIlCll,CO. :\HCH,CO. OC,B", or chloracetyl. 
glycyl-glycin-t'ster, wars obtained. ]3y carefully saponifying the latter 
there resulted Cl. CH,CO. NHCH 2CO . NHCR2CO. OR, or chlora· 
cetyl-glycyl-glycin, which when treated. with concentrated watery 
ammonia did not give rise to a diacipiperazin, hut to the simple tripeptid 
or di-glycyl-glycin, NH2CH,CO-NHCH,CO-NHCH2 • COOH. 

Amino-acid chains containing no acyl-radicals 1 Fischer haf5 called 
peptids; and the method just described of obtaining peptids, is of the 
highest importance, for it o'1l1ows of the union of the most diverse 
amjno~a.cids, and in the ens!' of glycln eyen yields tetra·glycyl-g1ycin; 
NH,CH,CO[NHCH,(Xl],. NHCH,COOH. 

In his fonrth paper :Fischer further shows that, in addition to 
introducing an acid-chloride radical into the amino'group, it is also 
possible ~tfter having protected the amino-group by means of the acid
halogen chloride, to itltroduce another Cl-atom into the carboxyl-group 
of an amino-acid by means of phosphorus pentachloride, P01

5
,2 and 

then to combine the chlorinated acid-chloride-amino-aeid with other 
amino-esters. Thus, a.-brom-isocaptonylgIycin-chloride + glycin-ester 
yields u-bromisocapronyl-g1ycyl-glycin-ester. By saponification and 
subsequent treatment with ammonia, this ester is converted into its 
corresponding tetra-peptid. 

Other acyl-derivative.s of amino-adds, for example, benzoyl-com
pounds, react similarly. Thus C\,;H[iCO, NH. OH2 • CDCI, or hiplmryl 
chJoride, is obtained by shaking together finely divided hippuric acid 
with acetyl-chloride and phosphol'u8~penta-chloride. 

Hippnryl~hloride reacts readily with the esters of the amino-acids 
or with alkaline solutions of the latter (see later) giving rise, for example, 
to benzoyl-glycyl-glycin. This latter after being converted into the 
chlorinated compound by means of peI5) will combine with glycin
ester to fonn the benzoyl-di-glycin-el'liter. 

It is thus possible to obtain the same benzoyl- hodies which 

l 'See footnote on p. 118. 
l! ])hOl'lpharus penta~chloride, p~ is generally used for :substituting Cl fQr OH. It 

also ac~ as a dehydrating agent, converting 8111ides into nitrite!!, and it forms anhplride!! 
out oft!basie acids. 
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Theodor Curtins and his pupils obt.:'tined by means of the azides; see 
p.1I9. 

Free amino-acids, with the exception of glycocoll, react with PCl!>! 
gi\;ng rise to chlorinated <,tmino-a.cid chlorides, according t(J the general 
formula: 

R. OR. COCI 
I 

NR,CL 

Leucyl-chloride hydrochlorate, O,H,. CH (NH,Ol). 0001, is pre
pared by placing 5 grammes of pure, synthetic, inactive leucin, 
carefully powdered and dried into 100 cern. of fresh acetyl chloride in 
a glass cylinder of 200 cern. capacity with a well-fitting glass stopper. 
This mixture is cooled and then 8 grarumes (= 1 mol.) of fresh PCl:~ 

:\.1'6 rapidly finely divided and added to the mjxtuJ'e, which is then 
shaken for two hours at the ordinar,Y tomperature. The PCl,,, 
disa.ppears cl)mpletely, and the lencin is converted into the chlori
nated chloride. To ensure tbat no free Ieucin is present, add 
another },u grammes of finely div-ided PCI;) and shake for another 
hour. To isolate the compound, filter it oft' and wash it out with 
acetyl chloride and petroleum ether. A special apparatus is required 
for keeping out all moisture . 

. Leucyl-chloride is very important in manufacturing polypeptids. 
In combination with glycocoll-ester jt giycs rise to leucyl-glycin-ester, 
which splits off alcohol and then passes into leucyl-glycin-anhydride : 

It is therefore possible to build up polypeptids from the amino
acids over the chlorides of the latter_ 

The last method requiring special mention is that of forming 
dipeptids by splitting up diacipiperazins, I by means of dilute eold 
rl.lkalies, instead of using acids as Fischer had done at first. 2 Thus, 
shaking finely powdered glycin-anhydride with equi-molecular amounts 
of normal soda solution, produces a salt of glycyl~glycin. If this 
solution he then shaken with acid-chlorides, such as benzoyl-chloride 
or brom-iso-capronyl-chloride, the corresponding acyl~deriyatives are 
formed, namely benzoyl-glycyl-glycin and bl'Om-iso-capronyl-glycyl
glycin. 

The ready dissociation of diacipiperazin~rings undpf the action 

1 See 1'.126. 2 For some compounds, acids are still indispensable. 
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of dilute! cold alkalies does away with the objection hitherto raised 
against the occurrence of diacipiperazin compounds in the albumin 
molecule. It used to be argued, as no diacipiperazin compounds were 
obtainable after digesting albumins by means of ferments acting in 
dilute alkaline solutions, that such ring compounds could not ,be 
present, but Fischer points out that diacipiperazin~rings are readily 
formed during the synthesis of polypeptids, and says: "I hold it for 
prohable that they arc also present in some of the proteid compounds . 

. They probably play a part during the denaturalisation of native 
albumins, awl also during the formation of alkali-albuminates." 

LIST OF 'rHE POLYI'EIYfms AND SOME OF THEIR DERIVATIYES 

nUILT UP BY :K FIRCHF;R'S SCHOOL 

The figures I. to IX. refer to the consecutiye papers published by 
Emil Fisher and his school. ~,,'(',e footnoteii> on pp. 125-126. 

Glycyl-glycin-Derivatives (1.) 

Glycyl-glycin, NH,. CH,. 00. NH. CH,. CO. OH. 

Glycyl-glycin-ester: NR,. CR, . CO . NH . CR, . CO . OC,R". 

Glyeyl-glycin phenyl-cyanate: 

CeH,.NH. CO. NH. OH,. CO. NH. CH,. COOH. 

Carhethoxyl~glycyl-g1ycin~ester : 

C,H,o. OC. NH. CH,. CO. NTJ . CH,. CO. OC,R". 

Carbamino-glycyl-glycin-ester : 

NH,. CO. NR. OH, 00. NH . CH,CO. OC,R, (I). 

Di-gJycyJ-glycin-Derivatives 

Di-glycyl-glycin, NH,OH,OO. NHCH,CO. NHCH,CO. OB. 

a.-brom-propionyl=glycyl-glycin : 

CHs ' CHBr. CO. NHCR,CO. NRCH,CO. OR. 

Al.nyl-glycyl-glycin: 

CH,. OH(NH2) _ CO. NHCH,CO. NHCH2CO. OH. 

_., .~thoxyl-alanyl-glycyl-glycin : 

a,fi,CO,. NIl. OIl(OH,). CO. NHOH,CO. NHCH,OO. OH. 

_omiso-cal'wnyl-glycyl-glyciil: ClOH"O.N,Br. 
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Leucy'l-glycyl-glycin : 

em",-
/OH. OH,. OH(NH,). 00. NHOH,OO. NHCH,OO. OH. 

CHs 

Phenyl-carbamino-Ieucyl-glycyl-glycin; 
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('"H, .. NH. 00. NH. OH(O,H,). CO. NHOH2CO. :SHCH,OO. OR 

Leueyl-glycyl-glycin-ethyl-ester-hydrochlorate: 0'2H"O,N,HOI. 

The polypeptide d~rived from mono-amino-acids have a strlwtUl'e 
which can be directly deduced from the a:ynthesis) while their stereo
chemistry is somewhat more difficult. All a.mino-acids derived from 
albumins, with the exception of gJycocoH, possess an asymmetrical 
C-atom. In polypeptids there arB present as many asymmetric C-a.toms 
as arB present in amino-acids (except in glycocoll) linked together as an
hydrides, and the number of independent optic isomers is expressed by 
vau't Hoff's formula 2n, Thus a dipeptid having the general formula, 
XH:_!. ~lll{. CO. NH. ¥HR. COOH, has two asymmetric C-atoms 

marked with a star, and therefore four active forms, dd, ll, dl, and ld, 
must exist, of which each two may form a racemic compound. If, on 
the other hand, active components are used for building up poly
peptids, such as active amino-acids and active halogen-contaming 
acid radicals, there are formed optically active polypeptids, and if one 
of the components is racemic, then one may expect also two isomers. 
Thus the natural, active tyrofjin, in combination with inactive a.-brom
iso-caproic-acid, may exist in the two steric combinations ell and ll. 

VARIOUS POLYFEPTIDS (Il) 

The following polypeptids of glycocoll, of inactive alanin, leucin, 
and of active l-tyrosin have been prepared by combination with 
chlorides of chlor-acetyl, brompropionyl a.nd inactive u-brom-iao
capronyl. 

1. Dipeptids.-GlycyJ-gJycin, aJanyJ-aJanin, and Jeucyl-Jeucin, 
obtained by a splitting up of diazipiperazinc, contain two like amino· 
acids. The only known mixed diacipiperazine isglycin-alanin-anhydride : 
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Glycyl-alanin (inactiye): NH" CH" CO, NH, CR(CHs)' COOR! 

TJeucyl-1eucin (inactive): 
/COOH 

Glycyl-I-tyrosin: KH" CR" CO, NR , CH" 
CH" CoH, , OR 

Leucyl-l-tyrosjn.' C1;;H2:P4N:'. gives. Millon's reaction. 

CO,NH 
Lellcin-tyrosin-anhydridc: C.H"CH( )OH, CH" C6H" OH, 

NH,CO 

2, Tripeptids,-The di-glycyl-glycin described above, 
R Tetrapeptids,-Tri-glycyl-glycin: 

XH,CH2CO, ~HCH2CO, NHCH,OO, NHCH" COOR 

a-brom-iso-capronyl-leucyl-glycyl-glycin: 

C,H", CHBr, CO, NH, CH(C,H"J,CO, NHCH"CO. NHCH2 .COOR 

Dlleucyl-glycyl-g1ycin (inactive) : 

;\H, . CH(C,H,,), CO. ~H . CH(O,H,,). CO. KHCR,CO, NRCH, . COOH. 

4, Pentapeptid.-Tetra-glycyl-glycin: 

~H,CH,CO. KHOH,OO, NHCH,CO. NRCH, .CO. NHCH, . COOH. 

This peptid was prepared from chloracetyl-triglycyl-glyciu : 

ClCR,. CO[KH. CH,. OOJ,NH, CH,. COOH. 

Derivatives of Pyrrolidin-carboxylic Acid or Prolin (III.) 

The constitutional formula of pyrrolidin-carboxylic acid is given 
on p. 45. 

Polypeptids, which are derivatives of proline or a-pyrrolidin-car
boxy lie acid, have been prepared by E. Fisher and Suzuki As 
Willstatter had noticed that a-&.dibrom-valerianic acid is converted 
into a-pyrrolidin--carboxylic acid, Fischer and Suzuki attempted to join 
np pyrrolidin-carboxylic acid with other amino-acids by an analogous 
procedure, and they succeeded with alanin. If the a-&-dibrom-valerianic 
acid is converted into the chlorinate by means of phosphorus-penta" 
chloride and is then brought together with an alkaline solution of 
alanin, there is formed a-8-dibrom-valeryl-alanill : 

CH,Br. CH, ,CH,. CHBr. CO. NH. CH(COOH). OH~ 

1 Oiuubjecting fihroin to the combined disintegrating action of hydrocbloric acid, of 
trypsin, 8JId of alkali, E. Fischer and Bergen {"Hydrolysis of Proteids," KarlsOader 
-.Yat'i/,rf(J1'.~8(JJInmlun9 (1902), and in (Jhemi1rer Zeitu'n(J, 1902, II. p. 939), obtained a 
CCY8tamu~'tYcyI.aIlI.nin, which was, however. not identical with the synth~ised pl'Odtlct. 
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which, when acted upon by watery ammonia, is changed into 
pyrrolidin~carboxylic"-<tcid~alanjn, or shortly 'prolyl-alanill,) the term 
pralin standing for pyrrolidin-catboxylic acid. 

Prolyl-Cllanin has the formula: 

/COOH 
CH" CH, CH" ClI, CO,:\H, Cll", 

CR, 

NH 
I t possesses a slightly acid reaction towards litmus, is nearly taste

less, very soluble in water, very slightly soluble in absolute-alcohol, and 
nearly insoluble in ether, benzol. chloroform, petrolether. The neutral 
as well as the acid solutions (H::!SO,j.) <tre precipitated by phospho
tungstic acid. 

Derivatives of Phenyl-alanin (IV,) 

To enable Fischel' to couple the phenyl-alanill radical with othet 
amino-acids he required the chloride of a phenyl-a-halogcn propionic 
acid, and therefore prepared phenyl-«-brompropionir acid or a-hrom
hydrocinnamic acid, CnH[i' CHi' CHBr - COOH, from benzyl-malonic 
acid, which COllrau 1 had used for the preparation of hydrocinnamic 
acid, by introducing bromine and then decomposing by heat the 
benzyl-broru-malonic ackl : 

/COOR 
C"H, ' CH, ' CBr" 

COOH 

After the conversion of the phenyl-a-brompropionic acid into the 
chloride, this compound was coupled with glycyl-glycin and with 
phenyl-alanin. Cinnamoyl-plenyl-alanin and cinnamoyl-g1ycyl-g1ycill 
were also obtained. 

The constitutional fornmla of phenyl-alanin is given on p. 4-7. 

Phenyl~alanyl~glycyl~glycin : 

C,H" CH" Cll(NH2), CO. NHCH,CO, NHCH" COOll, 
Phenyl~al.nyl-phenyhlanin : 

CoH"CR"SR, CO, NH'qH, CR" C"lI, 
NR, COOH, 

CinnamoyI-phenyI-alanin : 
C,R5 • CH : CII , CO, NR, OH, CH,. C6H, 

bOmI. 
1 1\1. Conrad, Liebig'lf AIf1i. d. C!kN,l. 204. 174 (I8BO). 
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Phenyl-brompropionyl-a-phenyl-alanin : 
/COOH 

C"H". cn,. CHBr. CO.NH. CH 
'·CH,. C"H" 

Further Derivative of Prolin (V.) 

u-Brom-iso-capronyl-prolin (inactive): 

CH,,, 
jCH. CH,. CHBr. CO. NC,H,. COOlf. 

CH, 

Leucyl-prolin: 

CH,,, ./CH,. CH, 
/CH.CH,.CH.CO.N" 

CH, NH2 CH . CH., 
COOH. -

Le.ycyl-prolin-anhydride: 

CH,,, /CH2.CH2 

/CH.CH,.CH.CO.N" I 
CH, I /CH. CH, 

NH-CO 

Further Derivatives of PhenyI·alanin (VI.) 

a-Brom-iso-capronyl-phenyl-alaniu : 

CH /
COOH 

(C,Hu)' CRBr. CO. NH. " 
CH2 ·C6H,. 

a-Lencyl-phenyl-alanin: 
COOH 

(C,Hg)(NH2)CHCO. NH. CH/ 
"CH, . C,H,. 

Leucyl-a-leucyl-phenyl-alanin: 
/COOH 

NH2CH(C,H,)CO. NHCH(C,H,)CO. NH. OH" 
- CH2·C,H,. 

Alanyl-phenyl-alanin : 
/COOH 

(CH,,)(NH2)CHCO. NH. CH" 
CH2 ·C,H,. 

Glycyl-phenyl-a1anin: 

~.glycyJ·phenyJ.a1anin : 
. /OOOH 

~O.H.)OHCO. NHCH2 • 00. NH. CH" 
. . CH •. O,H,. 

CHA.P. 
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Djglycyl-phenyl-nlanin : 
/:OOH 

NH,GH,CO. NHCH,CO. NH. CH" 
CH,.CuH, 

Derivatives of Oystin (VII.) 
The COllstitutlonal formula of cystin is given on p. 57. 
Diglycyl-cystin , 

CH,CO. NHCHCH,S. S. CH,. CHNH. COCH, 
NH, COOH bOOH im,. 

Di.a1anyl·cystin : 
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Clt"CH .CO. NH.CH. CH,S. S.CH,. CH. NH. CO.CH. CH., 
NIl, COOll COOH im,. 

Dileucyl-cystin: 
C,H". CH. co. NH.CH. CH,. S. 8.eHz·CH.NH. ('0. CH.C,HI) 

Jim, COOH COOH Nfl,. 

Derivatives of Aspartic Acid (VII!.) 
The constitutional formula of aspartic acid is given on p. 34. 
Glycyl-asparagin ; 

CH,.CONH, 
NH,CH,CO . NH . CH 

COOH 
Leucyl-asparagin : 

CH.-CONH.. 
(CH,),CH. CH,. CH(NH,). CO. NH. CH 

COOH 
Leucyl-aapartic acid: 

CH, CONH, 
(OH3), . CH. Cll,. CH(NH,) . CO. Nll . OH 

OOOR. 
Aspatagyl·monoglycin (inactive): 

CO . NH.CR,.COOH COOH 
CH.NH, OH .NH, or 

CH,.COOH CH,. CO. NR. Cll,. COOR. 

By hydrolysis it gives rise to glycocoll and inactive a.spartic acid. 

Fnmaryl-di .... partic·acid·ester: 

CO. NH . OR. CH,. COOC,H, 
CR COOC,R, 
II 
CR COOO,H, 
60. NR. OR. CH,. COOC,H,. 
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Chlor~succinyl-di-alanin : 

HOOC . CH(CH3). XH . CO. CH,. CHCI. CO. NH. CH(CHs). COOH. 

Asparagin-imide or di-acipiperacin-di-acetic-acid-dj-amide : 

H,NOC. CH,. CH. CO. KH. 
NH. CO. OH. CH,. CONH,. 

Chlorides of Amino-acid and their Derivatives (IX.) 

Hippuryl-chloride: CSH5. COKH. CR,. CO. Cl. 
Hydrochloride of alanyl-chloride: CH,. CH(NRpl) - COCI 
Hydrochloride of a-amino-butyryl-cllloride: 

CH,. CH,. CH(NH,Cl). COCI. 

CYfitin-dimethyl-estel' (Umetaro Suzuki): 

r - S. CH,. CH(i'\H,Cl). CO. oeHs1,· 

The following papers appeared too recently to be included: 

Alanyl-glycin and leucyl-alanyl-glycin 1 (XL). 
Alanyl-alanin alld derivatives ~ (XlI.). 
Chlorides of amino-acids and polypcptids 3 (XII!.). 

1 E. Fi~d\er, Lieuig'R .Imi. d. ClwJn. 340.123 (1905). "E. :Fisc1ler and W. Axlla\1.~ell, 
ibi,;. p. 1:.!8. 

~ E. K. Kantzsch. BI'I'. d, dellt8ch Ghem. Ges. 38. 2:175 (1905). 
'1 E. Fischer, ibid. 38. 2914 (UlO5). 



CHAPTER lY 

THE CO~sTITVTION OF ALBUMIN~ 

(:-;ee also PI)' 237-249) 

The Linking of Amino-acids 

SCHUTZI<;NDERGER 1 a.dvanced, in 1875, the view that albumins OUglll 

to be considered as derivatives of urea, NH,)~CO-NH" and of 
oxamid, 1~]-I2-CO-CO-KH2' but this would ~only account for the 
guanidin-remainder, -CNH. NH'll occurring normally in al'ginin.1! 
The conception of Nas~e,:i that albumins are huilt up as esters, con
taining the grouping: :::::C-O-C=:, will also only account for a 
small percentage of the total amount of albumin, for radicals COJl

taining the alcohol-group OH are but few, such as serin, tyrosin, 
oxyprolin, and the diamino-oxycarboxylic acids, mentioned on pp. 44, 
45. For thef3e reasons Hofmeister 4 advanced in 1892 the theory that 
albumins are linked up according to the general formula: -CH2-NH 
-CO-<lr-NH-CH,-CO-NH. He based hi. view partly on 
the fact that this grouping occurs in arginin ann in 1eucin-imide : 

CR,. NH. C(NH). NH, 
(CR,), 
CH.NH, 
CO.OH 

Al'ginin. 

C,H;, 
cm 

/'-., 
NH CO 

.1 ... 1 .... 
CO NH 
'-.,/ 

CH 

C,H" 
Leucinimide. 

and partly On the fact that according to Low 5 and Schiff,' relatively 

1 Sehiitzenberger, ''Uber d. Proteinkorper,' Gke;n. Oent-ralbl., 1875, 1876. 
2 That oxamide occurs normally is held by Kutsche.r and Schenk, see p. 244. 
3 O. Nasse, "Uber d. Wirkung der Fermente," Rostocker Zeit'Wng, 15th Dec. 1894. 
4 F. Hofmeister, Ergebnisse d. PhgsioktJie, L i., p. 159 (1902). 
II O. LOw, Jowrn. f. }Wald. Chem. 81. 129. 
6 B. Schiff, Ber. d. rkut8ch. chem. Ge8. 29. 1354. 

139 
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little NH2 is preseflt in albumins, judging by the amount of the 
nitrogen which is split off and the ease with which the biuret.. 
reaction can be prevented on su~jectjng albumins to the action of 
nitrous acid. 

Although albumin t·reated with nitrous acid gives negative results. 
with the biuret-reaction because of the disappearance of terminal 
-CO-NH, OJ' CS. NH, or ~ C(NH). NH,- or -CH,. NH,- radieals 
(Schifi),l it is, easy to get once more positive results by hydrolising the 
albumin, which had been treated by nitrous acid, into its dissociation
products, as hereby NH groups become converted into NH2 groups. 

Hofmeister illustrated his theory by the following example in 
·which 1e11cio and glutaminic acid are linked together: 

-CO-.-· NH-CH-CO-· NH-CH-CO---'- -NH-. I . I . 
C,H" (CH,l, 

I 
CO. on 

Leudn. Glub.minic acid. 

In this compound the radical -CH-NH-
I 
CO--NH-

OI.:curs, which is also met with in the following compounds, which give 
the biuret reaction, namely, 

CH2-NH, 
I 

OH.,-NH(CH,) 
I -

CO-NH, CO-NH, 

GlyciDlUIlide (Schiff). Sarcosin-amide (Schiff), 

CO.NH, 
I 
CH.NH, 
I 
CH, 
I 
CO.NH, 

Aspartic-acid-amide (I!'iscb~r). 

Hofmeister's sound theory has been confirmed by the synthetic 
researches of E. Fisher and Curti us, explained in the last chapter, for 
there cannot be any doubt that ordinary amino-a.cids are linked up 
to form neutral imino-compounds. Other methods of linking up 
exist also in albumins, but these will be discusseQ. later, see p. 146, 
after the ph-enomena which are explainable on the imine-linking have 
beeD g.mo. into. 

I H. -Schi6, Bur. d. ~. di,em,. Oes. 29. 298, 80. 2449; and Liebig's Annalen., 
299. 28('-iIt.a 319. 300 ( ... p. 142 of thlB book). 
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The grouping 

~GO I ~NH-CH~CO~ I NH-CH-CO- I NH~ 

allows li8 to explain the following properties exhibited by albumins :-
1. The fact that all albumins greatly resemble one another, 

although they arc built up of such diverse dissociation-products. 
Now we understand why the albumins dissociate in so uniform a 

manner, even if the most divergent reagents are used, and why dissocia
tion always takes place at the already existing 'loous minoris re
sistentiae' and why all albumins can be dissociated by trypsin, 
while each of the polysacchari<.ls requires its own specific carbo
hydrate-ferment. 

~. The Biu,ret-Beadion.-The red colour which biuret and similar 
substances exhibit, v .. hen they are treated with sodium hydrate and 
copper sulphate, depends, according to Schifi; 1 on tlle formation of a 
copper-pot.assiuID-biuret compound having this constitution :~ 

o Ofl OH 0 

" I I" 
/C-NH,--C--NH2~C" 

NH Nfl 
"C~NH,-K K-NH,-C/ 

II I I II 
o OH OR O. 

This substance ~chiff isolated in the form of long, red, needle-like 
crystals. According to Goto,2 protones give the biuret-reaction with· 
out the addition of an alkali, and Henze 3 states that the copper-con
taining hremocyanin does not require the addition of a copper salt. 
Instead of copper salts one may also use nickel salts (see p. 6). 

This reaction Schiff believes to be given by all compounds in 
which two CON Hz-groups are linked either to a carbon-atom or to 
a nitrogen -atom or directly to one another, and which therefore 
correspond to one of the three following types :-

/
CONH, 

HN 
"CONH2 
Biuret. 

CONH., 
II -
CONH, 
Oxamide. 

One of the CONH2-gronps may also be replaced by a CH,NH, 
group or a CSNH,-group. 

1 H. SchHf, hr. d.deutstJz.. ckem. Gu. 29. 1.298 (18P6); LidJig'sAnmden, 299. 236 
(1897); 319. 300 (1901). ' M. Goto, zrnWw.f. ph.wl. aMmo 37. 9' (1902). 

3 M. Henze, ibid. 33. 370 (1901). 
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In proteids we meet with the eombination 

-CIlNH
I 
CONH-

CHAP. 

According to Schiff: only one of the hydrogen-atoms attached to the 
nitrogen can he substituted, and the CONH2-group must be free; but 
E. Fiseher ha!; observed the biuret,-reaction with carb--etboxyl-di-glycyl
gIycin-ester and with triglycyl-g1ycin-carboxylic acid,-compounds 
in which a hydrogen-atom is substituted in both CONH[groups,-and 
Levites 1 has >1hown that treatment with nitrous acid, which completely 
destro,Vs the CO. NH~-group, does not alter egg-albumin, casein, or 
gelatine ill R11Ch a wa:v as to prevent the biuret-reaction, and 
SchecrlUesser's:) pepsin-glutin-peptone gives the biuret-reaction, although 
it contitlus no amid-nitrogen) and therefore no CO. NH2 groups. Oil 
p. !)5, \,-hen discussing desamino-albumin, Levites' vie\\' as to the 
lion-existence of CO. NH2-groups in the albumin-molecule is dealt 
with. It will suffice now to point out, as Was done above, the 
possibility of hydrolysing the albumin after its treatment with nitrous 
acid into dissociation-products, which must contain NH2-groups. 

On the other hand, no biuret-reaction is obtained with glycyl
glycin and other dipeptids, although one might expect it. It would 
appear that CONH2 and CH2NHz arc only active when the CONH:l 
group is termjnal, otherwise several groups arc necessary. The 
conditions determining the biuret-reaction are therefore not as yet 
cleared up. 

The oldest synthetically prepared substances gh'ing the biuret
reaction are fully discussed in Chapter III., p. 115. 

Schiff found that a-asparagill (onion-red) and methyl-a-aspara.gin 
(red-vjolet), belonging to the oxamide type and glycorol1-amide (g]ycjn
amide at amino-acetamide); further {3-asparagin and homo·asparagin 
(blue-violet). helonging to the malon-amide type,-give the biuret

reaction. 

fCO. NIl, li~O. NIl, {CI'O. XlI, {~O. NlI, 

I Cll. NH, CH. NH. CH, I CH,-Nll, CH, 

~H, (lHo 1 dH NH, 
I - I - ! I 

r~0.NH2 
. CH., 

ld(;H3)NH, 
I -

COOH. COOH COOH COOH 
a-asparagin. methyl a.-a.~paragiD. glycm-amide. ,B-asparagiu. lWlfio-asJ>&ragin. 

1 B_ Levi-M;, ZeitBchr. f. phllsiol. f.-Ytem. 43. 202 (Hl04). 
2 Scheerruesser, i6ia. 41. 68 (1904). 
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E. Fisher,l in confirmation of Schiff's theory, obtained a biuret· 
reaction with the following three substances, which are comparable to 
glycin-amide :~ 

(J) carboxy-ethyl-glycyl-glycin-amide: 

C,H"COO _ NR. CR,. CO-XR. CR,. CO-NR,. 

(2) carboxy-ethyl-glycyI-glycin-leucin-e,ter: 

C,R,COO. NRCH,CO-NHCH,CO-NH. OR(C,H.)CO. OC,H". 

(3) carhonyl-diglycyl-glycin-amide: 

00: [NH. CH,. CO. SHCH,. CO . XH']2' 

The free acid corresponding to carboxy-ethyl-glycyl-glycin-amide, 
namely, COOH. NH . CH~. CO-NH. CH2 • CO. NH 2• does not give 
the biuret-reaction, probably owing to the presence of acid groups 
in the molecule. This principle cannot, however, be generalised, as 
a-asparagill (Schiff) does give a red reaction. The ordinaryasparagin, 
COOR. OH. (XH2)CH,. CO. NH" which, according to Schill; gives a 
bluish-violet colour, Fischer says reacts so little as to hardly justify 
the cJ...'Pression 'biuret.' TIle diaminoaspartic acid, KH". CO. CH 
(CH2) • CHz . CO. NHz' gives, however, according to Fische~ a strong 
hiuret-reaction. 

Schiff:! has further discovered that the polyaspartic acids and 
their derivatives also give the reaction. These bodies have the same 
configuratjon as the peptjds of Fischer, for they too are jmino-com
pounds, formed by the union of the amino-group of one molecult' of 
aspartic acid with the carboxyl-group of another molecule. 

The biuret-reaction is not a uniform one, for the1"e are great 
differences in the colour produced, as just pointed out, and also 
in the ease with which it is obtained. According to NeumeiHter,:: 
peptones can be demonstrated in dilutions of 1; 100,000; they 
give a pure Ted colour: Albumoses, according to Kuhne," requh-c 
to be more concentrated, and give a reddish-violet colour; ·while 
natural albumins give a violet colour, and require to be fairly 
concentrated. The differences cannot be e:x;plained as due to differ
ences in the size of the molecule or by similar factors, as Schiff' 
and E. Fischer have seen similar differences in their synthetic pro
ducts. \Vhat factors bring about the colour changes is not known, 
however. "''rhen dealing with the higher albumins a decision becomes 

1 E. Fiiichel' and l'ourneau ; E. Fischer and Otto. See footnotes on p. 125 and 126. 
:J H. Schiff, Liebig's Annalen, 303. 183 (1B98), 307. 231 (1899), 310. 37 awl :301 

(1!;99). 

:1 R. Neumei~ter, ~r. f. BioI. 26. 324. (1890). 
4 w. Kuhnt', ibid. 29. 308 (18921. 
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even more difficult, because albumins and albumoses are disintegrated 
by strong caustic soda. Siegfried 1 has also noticed that the binret
reaction may be obscured hy the presence of other bodic8. 

The biuret-reaction is generally supposed to be the most important 
of all colour tests given by albumins, because biuret, malonamide, 
oxamide, etc., do not occur in nature, and are not formed during the 
processcf> employed by physiological chemists. The reaction is further 
believed to be given only by true albuminous substances having the 
structural arrangement described above, and not to be given by the 
amino-acids derived from the albumins; and in this respect the biuret 
test differs from all the other colour tests. It used also to be held 
that albumins had heen completely disintegrated, by either acids or hy 
ferments, whenever the biuret-test gave negative results; but this is 
placing too high it value on the method, for bodies are kno\YI1 to exist 
which are not amino-acids and yet yield amino-acids on bt·ing dissoci
ated-bodies which hehave therefore as do the peptones, hut which 
do not give the biuret-reaction. Such bodies have heen obtained 
a._<; the result of peptic digestion by Zunz,2 Pick,S Pfaundlel'.4 and 
Reach;" during tryptic digestion, by E. }'ischer and Abderhalden; 6 

by It combined treatment with hydrochloric acid, trypsin, and barium 
hydrate, by E. Fischer and Bergell.' Hofmeister~ calls these bodies 
peptoids, while E. Fischer fj calls them peptids, because he considers 
them to resemble his synthetised amino-acid compounds. As these 
substances are at least partially dissociated by proteolytic fer
ments, and as they yield the identical amino-acids as do pcptones,9 
on being dissociated by acids, there is no reason to separate these 
bodies from peptones simply because they do not give the biuret
reaction. The gradual dissociation of albumins is also discussed 
in Chapter V. 

3. The Behlwiour towards '['ry-p,~in.~ .. AJl albumins are dissociated by 
certain fennents-of which the pancreas ferment 10 is the most import-

1 ·M. Siegfried, Zeitsclw. J. physwl. Chern. 35. 164 (1902). 
2 .K Zunz, ihid. 2S. 132 (1899); Hofmeister's Beitrfige, 2. 435 (1902), 3. 339 

(1902). 
:4 E. P. Pick, Zeitschr.j: physiol. (]hem. 28. 219 (1899). 
, M. Pfaundler, Wid. 30. 90 (1900). 
I'i F. Reach, H(ifmeister's Beitrtigt, 4. 139 (1903). 
~ E. Fischer awl E. Abderhalden, ZeitSCM • .f. physiol. ~em. 39. 81 (190:1). 
7 E. Fischer and P. Bergell, OkemikM-ttitung, 1902, II. 939. (Vortrag von E. Fischer 

auf der Naturforscberversammlung ZII Karlsbad, 1902.) 
·8 F. Ro4Ilei$ter, ErgibnislIe de:!' Phy8ilJl. von Asher u. Spiro, I. 1. 759 (1902) . 
• .... ~ and E. Abderbalden, Zt:itschr. f. physiol. Chem. 39. 81 (1903); E. 

Fischei' and P. Bergel.l, Ohemi1rerzeitung, 1902, n. 939. (Vortrag von E. Fisrhet auf de. 
Natorfoneherversammlung zu Karlsbad, 1902.) 

10 a.,A VernOb, JOUrl/,. of Physiol. 26. 405 (1901). Vernon is of the opinion that 



ACTION OF TRYPSI1T ON ALBUMINS 14[, 

ant-into peptones, peptids, and finally into amino-acids. Aceording to 
GuJewitsch 1 and Schwarzschild,2 trypsin acts only on albumins, but 
not on acid-amides, esters, urea-derivatives, biuret, hippuric acid, etc. 
E. Fischer and Bergell have found, on the other hand, that SOIne 

dipeptids, e.g. glycyl-l-tyrm:lin and glycyl-l-leucin, are readily and 
quickly dissociated hy trypsin, while other dipeptids, sucb as gl~yc'yl

~lycin and leucyl-tyrosin, are apparently not acted upon. Schwarzs
child i observed, however, that the base of Curtius (see p. 1] G) iR 
dissociated by trypsin. (See also footnotes on p. 125.) 

4. The Simultaneous Aeid and Ba,,'il' or 'ATilpitoterir-) C'hamcter uJ 
_·flb1llllin;:;.-'Nhen dealing witb the salts of t.he albumins in Chapter 
\T, it ,,,.-ill be expla.ined more fully hovr uJbumins, which in watery 
solutions are almost neutral, have the power of combining with [wids 
and with bases to form salts. The amino-acids which huild up the 
albumin-molecule behave in every respect as do the alhumins them
selves, heca11:::.e the amino-acids retain their acid alld basic character 
owing to the fact that they become linked in such a manner that 
the amino-radical of one molecule unites with the carboxyl-radical of 
another molecule, as has already heen explained on p. 116. No uther 
method of linking amino-acids will preserve their double nature. 

Glycyl.glycill, 
H,N .CH,. CO-NH. ClI,. COOH, 

and diglycyl-glycin, 

H,N. CH,. CO-NH . CH,. CO-NH. ClI,. COOH, 

are as much amino-acids as is glycocoll itself. If t.he union of amillo
acids were brought about only through the amino-group~, the free 
carboxyl- gff.lUpS would confer on the albumin-molecule an acid 
character, while, in the reverse case, the acid anhydrides or ester/:1 
would possess such marked basic properties as are possessed, (j.g., by 
the esters of the amino-acids of Curtius and E. Fischer (Cohnheim). 

The linking of radicals characteristic of albumins is therefore the 
same as in E. Fischer's peptids, namely, the joining of amino-acids to 
form imine-chains. It is, however, not permissible to consider albumin!> 

trypsin is not a single chemical substance, because he found that trypsin is very rapidly 
destroyed by sodium carbonate, an active extract kept at 38° with 0'4 per cent Na,C03 

having about 65 per cent of its ferment destroyed in an Lour; 1 per cent Na,;CO~ 
destroys over 80 per cent, whilst pure water may de.§troy over 30 per cent an hour. 
This extreme sensitiveness is, however, only ohtained with the least deteriorated glycerine, 
alcoholic, saline, and aqueous extracts of human, dog, pig, sheep, and ox pancreases, 
while with the most deteriorated (least active) trypsin only 7 per cent of the fenlleIlt i~ 

destroyed by 0'4 per cent N~COs, 
1 W. Gule....ntscb, ZeiJ.sw. f. phllsWl. CMm. 27. 540 {1899~ 
2 "M. SchwQ:rzschild. Ho/meister'sBe'itriJ,ge, 4.155 (1903). 
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~imp]y a~ long chainR built up of amino-acids linked to one another, 
for there exist still other connections within the albumin-molecule, 

OTHER MODEf' OF 1) NJON AJ'IlO'SGST AMINO-ACID~ 

In the suhstance arginin, the radical guanidin if' linked to amino
yalcrianic acid as an imide and not as an amide, and for this reason 
it is impossible either to obtain the biuret-reaction or to act on arginin 
with tl',rpsin, erepsin, OJ' boiling acids. It has already been pointed 
out that arginin occurs in every alhumin and even in the peptones (see 
pp. 150, 188), and therefore the imino-linking is as widely distribu~d 
:-1.8 is the amino-grouping (Cohnheim). 

'Vith the exception of the protamins all albumins contain the so
caned 'amino"llitrogen.' A certain percentage of the nitrogen in alhumins 
is always given off as ammonia, whenever the ILlbumin is dissociated, 
and this nitrogen is co-ordinated "\vith the other dissociation-products, 
as nOllr- of the latter giye off nitrogen on being hoiled "\vith acids. 
Scbmiedeherg 1 observed that after a slight action of alkalies, a !3mall 
percentage of nitrogen iii given oft; and that the remaining albumin is 
altered only to a slight extent,; this remainder he calls (desamido
albuminic acid.' According to Nehiff,:! nitrous acid exerts an action 
similar to that of an alkali, and he calls the compound which is left 
after the splittiug off of some of the nitrogen j desaminopeptone.' 

This desaminopeptone does not giye a proper biuret-reaction, a 
bet which is explained by Schift~ Hausmann,::! and Hofmeister 4 as 
being due to the destruction of the t,erminaI COXH2-groups by the 
nitrous acid. Paal,') however, is of the opinion that amin-remainders 
are split off, basing this opinion on his investigation into the splitting 
off of nitrogen when glutin-peptone is treated with nitrous acid. 
The rern.tining product, the desaminonitrosopeptone possesses only one 
half the basicity of the original glutin~peptone, How the amounts 
of alllino-nitrogen vary with the different albumins has already been 
discussed when dealiIlg with the nitrogen radicals (p. 76), and can 
be read directly from the tables on p. 8l. 

That Levite8 does not believe in the existence of terminal CO, NH9 -

groups has been pointed out on p. 142. -
The existence of terminal amino-groups is, however, proved by the 

1 (), Schmiedeberg, Arch.]: experimentdle Patlwl. 16. Pkarma}:. 39. I (1897). 
>t H. Scbi,ff. B&r. d. deutsch. chem. (la. 29. IT. 1354 (1896); Liebig'ts A IIl/alen, 299. 

264 (lallS). 
:l w. Hausmann, Zl!itaekr.J: physiol. Chem. 27. 95 (18S9). 
4 F. Hofm6i"ter. Ergebnisse der Physidogu von Asher 'U. Spiro, I. 1. 759 (1902). 
" ;..:~. d. deutsm. chern. OM. 29. 1084 (1896). 
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fact that albumins a.re pluri~acid bases. If an albumin resulted simpl,v 
from a linking together of many amino-acids into one chain, we might 
expect. it to be monobasic and monoacid, as are the simple amino
acids. This is, howe vel', not the case. Determinations of the <:Lcid 
capacit,y by Erb 1 and others (Chapter Y., p. 177) show that, the 
equivalent weight of alhumins is very low. Thus E1'1 estimates the 
equivalent weight of egg-albumin as not exceeding 152, while the 
molecular weight according to Hofmeister:! is 537t; or a multiple of 
this number. Therefore egg-albumin must be at least a 35-acid basco 

The terminal groups in the albumin-molecule are represented 
especially by the 'aminonitrogen,' hut also by the NH2-groups of 
lysin and arginin. The second and third N -atom of histidin are 
also joined in a ring-like formation (see p. 4~). According to Kossel:~ 
the hasicity of albumins increasf'1" in proportion to the increase in the 
amount of di-amino-acids. 

It is qlle<:;tionable whether the NH.,-groups of ammonia, arginin, 
and l.vsin suffice to explain the high I~umhers of Erb. They do not. 
suffice in the case of edestin and the hetero-albumose, where calculations 
ca.n he made with a fair amount of accuracy. That the numerous 
basic groups of albumins are not of the same value will he sl!mvn later 
on, wlien discussing the salts of albumins (Cohnheim). 

The power whIch albumins possess of combining with bases has 
been measured much less accurately than their capacity for acids j still 
here again the equivalent ,,"eights of alhumins are very much lowel' 
than are the lowest possible molecular weights, and therefore albumins 
must also be pluri-basic acids. Thjs has been proved by Pemsel and 
Spiro,4. Laqueur and Sackur," and others. Apart from the a-amino· 
groups, free carboxyl-groups are met with in glutaminic and in aspartic 
acids. UGhnheim draws attention tG the interesting ana.logy) s.e~n in 
octaspartic acid, which, ac£ording to Schifr,6 has this constitution: 

co CO CO CO CO CO CO COOH 
1"- 1"- 1"- 1"- 1"- I" i"- 1 

.:'<H,CH NHCH NHCH NHCH NHCH NHCH NHCH KlICH 
1 I I I I 1 I 1 
CH, CH, CH, CH, CH, ClI, eH, CH, 
I I I I I 1 I I 
COOH eOOH COOH COOH eOOH COOH COOH eOOH 

1 W. Erb, Zeitschr,f. Bwl. 41. 309 (1901). 
2 F. Hofmeister, Zeitsckr.f. pkyswl. Uhem. 24. ]58 (1897). 
3 A. Kossel, &1". d. deulsr)l,. cMm. Ges. 34. HI. 3214 (1901). 
4 W. Pem.sel and K. Spiro, Zeitsckr.!. pkysiol. (Jkem. 26. 233 (189B). 
~ E. Laqneur and O. Sackur, Hafmei8tr:r'sBeitriige 3.192 (1903). 
C H. Schiff, Liebif]'s.AnMlen, 303. 183 (1898),307.231 (1899),310. aOl (1899> 
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In thi~ compound eight molecules of aspartic aciJ are linked 
together ill such a way that in sevell of them one of the carboxyl 
groups remains free, .vhile the other one is used to establish the link 
with the next molecule. This oetaspartic acid, containing nine 
carhoxyl.groups, is, howe\'cr, only octavalent. The manner in which 
its carboxyl-groups differ from olle unother and their linking together 
thro\\'s also some light on certain phenomena observed in albumins. 
For Si~.gfri{\d 1 bas shown that the simple peptones, without ex
ceptIoIl, are strongly acid, and thltt they all contain glutaminic acid. 
Amongst the add radicl.tls of albumins differences also exist, while 
nentral alhumins must either possess an equal number of free basic 
and free acid complements, the preponderance of one over the other 
determining whether an albumin is acid or basic in its character, or 
he ill tht> psclido-acid-p,<,'eur]o-lmsic state. (See Index.) 

Against the theory of a uniform linking together of amino-acids 
must also be mentioned the existence ·of the hemi- and the anti
groups, which differ from one another to a marked extent. 

TIlE HEMI- AND THE ANTI-GROUl'S (BY Cou:-;']mIl'tI) 

Schiitzenberger and Kuhne first pointed out that the aJbumin
molecule shows different degrees of resistance to t,he acti011 of acids 
or ft'rments Subsequently it "was sbo"\\'n that the portion whjc11 if'! 
readily dissociated contains tyrosin and tryptophane, while tbe portion 
which is not easily acted upon is chal'acterised by the presence of 
phenylalanin, glycocoll, and pyrrolidin-carboxylic acid. These differ
ences in the building material determine ho\y firmly the various 
albuminous radicals are bound together. 

Kiihne 1 found that t,ryptic digestion rapidly COllVel'ts a portion of 
the albumiu into crystalline produ~ts, amongst which leucin and 
tyrosin may soon be recognised. The remainder of the albumin which 
is :pot acted upon by trypsin still gives the biuret-reaction, i.e. is 

still a peptone, at a time, when the whole of the tyrosin has been 
removed from the albumin. 

This remainder, which was not acted upon by trypsin, Kiihlle 
called anti-peptone, and that part of the a.lbumin from which the 
a.nti-peptone W'J,g derived, the anti-group. The other half he termed 
the hemi-group, and the peptone to which it gave rise and which could 
H?t be isolated, the hemi-peptone. 

1 W, KWtne, 'Verhandl. d. HeidelJH>:rger naturkist.-medizin. Vereins, N. F.1. 236 
(1876); Kuhne and R. H. Chittenden, Zeitschr. f. Biol. 19. ]59 (1883); 22. 423 
(laBS); see tUso R. Neumeister, ibid. 28. 381 (1887); Lehrbudl, d. ph-yaiol. tl. JXdhcl. 
Olum'f *",uft., Jena, IB97, p. 228. 
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Amongst the products of peptic digestion Neumeister distinguished 
also the anti- and the hemi-albumoses. This question was then taken 
lip in Hofmeister's Lahomtor.v by Pick,l who m~Lde out that of the 
two primary albumoses, the prot. .. lbumose belongs to the hemi~gronp, 
while the hetero-alhllInOSe belongs to the :\nti-group. He also 
established other chemical differences j the herni-gronp contains the 
t.,rrosin and tryptophane, while the anti~grollP includE:s the glycocol] 
and phenylalanin. According to Pick's definition, casein seemed to 
be pure hemi-proteid, while gelatine ·was pure anti-proteid. Sub
sequently Kutscher:! stlcceeded by very prolonged autodigestion of 
the pancreas to reach a stage where the biuret-reaction either failed 
altogether or was only very slightly marked. fwd the conclusion was 
arrived at that Kuhne's classification wa.s only a relative one. 
Kiihne's view has, however, heen confirmed quite recently by E. Fischer 
and Abderhalden,:l who found tha.t One or several polypeptids remain 
unacted upon hy trypsin even after very prolonged digestion, but 
that they can be converted into amino-acids by treatment with acids, 
The subiStances in question do not, however, give the biuret-reaction, 
which is not very material, as has already been explained. In 
their composition they agree with anti - a.lbumin, for they contain 
glycocoll and phenylalanin, further (t-prrrolidin-carhoxylic acid, while 
tyrosin and tryptuphane are completely split ofl'. Leucin, alanin, 
aspartic and glutaminic acids are present both in the hemi- amI ill the 
anti-groups. Cystin, scrin, and the di-amino-acids have not beel! 
especially investigated, hut Kutscher's'" previous work shows that they 
are liberated, at least partly, by trypsin. Ammonia is also liberated by 
tryptic digestion, according to Hirschler, "Stadelmann,6 and Dzierzgowski 
and Salaskin.,1 Fischer and Abderhalden have observed that tyrosin 
is especially readily liberated, which was also noticed when Fischer 
and Bergell s subjected fibroin to ttyptic digestion. Leucin, alanin, 
etc_, are liberated later than is tyrosin. 

Siegfried \) arrived at identical results: he found "that by the 

der Trypsint'erduvuny, Marbnrgl;r 
Habilitatiollsschrift, Strassburg, 1899. 

;l E. Fist;her aud E. Abderhalden, Zr::itschr, j. physiol. Chem. 39. 81 (1903). 
4 F. Kutscher, E1tdprodltkte der Trypsinrerdauung, Marburg, 1899. 
;\ A .. Hirschler, Zeitschr. J. physiol. ahem.. 10. 302 (1886). 
h E. Stadelmaon, Zeitschr. f. Biolog. 24. 261 (1888). 
7 S. Dzierzgowski and S. Salaskin, ZNttralbl.j. Physiol. 15. 249 (1901). 
~ E. Fi!lcher,fJhemikerzeitung,1902, II.p. 939. (Karlsbader Naturforscherversammlung.) 
II M. Siegfried, Zeitschr. f. p/tysiol. Chem. 38. 259 (1903) ; F. Muller, ilnd. 38. 265 

(1903); M. El.ie&fried, Bro.. d. sttc/u;. Ges. d. Wis.'Iensch. ZIt Leipzig, maik.-phgs. Kl. 
1903, p.63. 
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a.ction of trypsin all albumin a part of the latter is readily dissociated 
into amtno-lLcidfi and bases, and that thereby peptones are formed 
which do not ('oDL'1.in the tYJ'osin group and which yigorously \"lth
stand a further dissociation by means of trypsin." 

"By tryptic digestion fihroin yields two acid anti-peptones. which 
OJ) dissociation gi,-e risf' to ]Y8iJ], arginin, glntaminje arid, ammonia, 
,LIlt} perh~tpc; ~(irin and aspartic acid; by careful dissociation with acids 
there if:. formed either directly from gelatine or from an acid 
gp]atjne-peptone t.he substance glntokyrin. This kyT])) is a crysk"llim~ 
peptone (see p. 2(0); it contains lysin, arginin, glutaminic acid, and 
glycocoll, and is it fairly strong uase because of the preponderance of 
the hasie cOIJstituent.'>. 

How the polypeptids of Fischer and Ahderhahlen and this kyrin 
are related to one another is not yet clear. Both contain glutaminic 
acid <lInl glycocoll; the di-amino-acios, lY}lich make up t,he f;Tcater 
bulk of the kyrin, have 50 far not heen invest,igated in the polypeptid, 
hut :tttentiOll is drawn to E. Fischer's I statement that pyrrolidin
earhoxr1ie acid and the IJeXOIle bases usually occur together. Onc 
thing is certain, namely, that we have to 00 with a very considerable 
fraction of the proteid-molecule linked together in some particular 
'1-1'.1)'. Erepsin acts on anti-pcpt01:W in such a. W<'1Y tbat it no longer 
gi vc" the biuret-reaction."! 

It seems to be a common phenomenon, that after the fir~t splitting 
off of a part of the albumin there remain behind substances which 
apparently do not differ much from the material we started with, 
substances which still bear the chemical character of albumins. That 
such a. result is produced by trypsin and that kyrin is formed has 
heen explained abovE', but. on dissociating natural albumins with dilute 
hydrochloric acid, Goldschmidt:l saw that different albumoses and 
peptones appeared simultaneously, even before acid - albumin was 
forlll,ed; during peptic digestion Umber,4 Zunz,·' a.nd others noticed 
acid albumin together with peptones and abiuretic dissociation
pruducts; ltnaJogous observations hlwe Leen made by lIaas, I) who 
dissociated albumins uy means of alkalies. By oxidising albumins with 
permanganaw in alkaline solutions, Bernert 7 found a certain per
centage of the albumins to dissociate very rapidly into albumoses, 

1 E. Fisdler, Zeilschr. f p}tysi.ol. (,'hem. 39. 155 (1903). 
2. O. Cohnheim, ibid. 35. 134 (1902). 
II F. GoldBcltmidt, Et"nwirkunp von Sauren aUf If,;t"'lJXiasstoffe, Dissertation. Strass-

burg,1m_ 4 F .. Umber, Zeuadw.f. physial. Okem. 25. 258 (1898). 
{J E. ZUDZ, ilnd. 28. 182 (1899); HOfmeister's Etitr. 2.435 (1902), 3. 339 (1902). 

~ i ~;:'~7:r·:6~~~~~~8~~Il· 30. 61 (1900). 
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peptones, amino-acids amI their secondary dissociation-products, whih.' 
:iJlother part remained unchanged and hecame oxidised. OXldat,jol) 
hy means of nitric acid showed Y. Furt.h 1 that only a, portion of the 
alhllmin becomes nitrated, while the remainder is di[';sociated. 

The difference between the hemi- and the anti-groups is alf1(J of 
importance for the metabolism of animals,. as the readily disso<:iahle 
albumins, namely, casein and protalbumost, of reI' more favourable 
('onditions fol' ahsorption and tmnsformation than do gelatine and 
hewrO-t-llhumose. 2 

The difference in the readiness with which the two groups become 
Jissociated may he explained in a tvwfold manner. 'Ye may assume, 
firstly: that one or severa! nuclei exist in an albumin-molecule, and that 
t.hese nnclei completely resiRt the action of trypsin, and that t,her arc 
only -with difficulty attacked by boiling acids, and that attached t,(I these 
nuclei is a smaller or greater number of othct, amino-acids, which may 
-he split off nadily. The other possibility is t.he following: An alhul1lin 
may be bnilt up of a nnmber of co·ordinated peptones and peptids 
and may dissociate into these groups in the first instance j subse
quently some of these groups may break up at once under the 
hdluence of trypsin and of [teids, ,;rhile others may show greater resi,-:;t
ing power. The first yicw, held by ZUHZ, Goldschmidt, Bernert, ,-, 
Furth, E. Fischer, and Bergell, is supported by the fact that the 
different amino - acids appear successively, Lut this sequence may 
perhaps only be an apparent one, owing to the sUght solubility of 
tyrosin. The second "lew has ill its favour that the nuclei of Siegfried 
and E. Fischer differ from one another constitutionally, but further 
research may show that these differences arc only apparent. 

The two -dews need not necessarily excJude one another, for we 
may assume with Kassel that each larger albumose-complex possesses 
its own nucleus. That, the second view i~ the correct oue will be 
proved as soon as an albumin is discovered which does not possess a 
'nucleus' at all, which, therefore, to usc Ktibnc-Pick's expression, is 
a pu.re herni-albumin, devoid of those dissociation-products which are 
characteristic of the anti-group. Casein, which seems to be a hemi
albumin because of the absence of glycocoll, is in reality not a 
hemi-albumin, and the quickness with which the biuret - reaction 
disappears in the case of protalbumose proves notning, as a pep6d 

1 O. v, FUrth. h'inwi1'kung 1)(111 .._'\alpel.erS(i,'llre arrj Jj;'iwei.~sst(lfft', Habilitationsschrift, 
~trassburg, 1899. 

:I L. Blum, Zeitsd~1·. /. physid, Chern. 30. Hi (1900) ; O. Krumma.cher, Zeitschr . . ': 
BWlog. 42. 242 (1901);' E. Bendix, A'rck. J. (Anal. n.) Physiol. 1900, Suppl. p. 309 ; 
\Y. F~lta. Verhandl. der natwr/lf/','chenden Gt3. ZM Ba.W!i, 15. Heft 211903}. 
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may remain behind which does not give the biuret~reaction. Therefore 
at present hoth yiews have an equal right to be considered. 

'Yhy some of the complexcE' dissociate 80 much more readily th:L1l 
do others we. as yet, do not know. \Yhatever the reasorl may he, 
there cannot be any douht that some relationship exists between the 
ease with whjch dissociation oceur::; and the presence of definite 
dissoeintion-prodllcts in a given aJbumin. This YleW is horne out hy 
a stndy of Pick's allmmoses, and also by comparing different albumins 
with I)ne another. Casein and globin, ,vbieh are very readily digested, 
do not cOHtain any glyeocoll, hut much tyrosin and tryptopbam\ while 
serum -globulin eontujns much g]:rcocol] and is not readily digested, 
,'1c('ol'ding to K Fischer and Abderhalden and Umber; 1. gelatine 
L'()ntajnl' the largest amOUJlt, of glycocoll, no tyrosin and no tryptophane, 
and yields, ILccording to ltejch-Herzberge,~ mere traees of lellcin on 
being digested with trypgjll. Thus the chemical character of an albumin 
is part,}y determined by the 'illantita.t,ive amounts of amino -acids 
present, and paJ'tly hy tbe manner in which the amino -acids are 
distributed oveI" the anti- and the bemi-groups. 

The whole of the nitrogen is present as amide, and none in the 
form of nit1'o-, nitroso-, or azo-nitrogen, as is proved by the fact that 
proteids :; and their dissociation-products give' approximately' the same 
nitrogen value lv}wn they are f'xamined by either Kjeldahl's method 
or hy that of Dumas. 4 

TIle carbon is contained partly in fatty and partly in aromatic 
compounds. In both it is arranged in the same manner. The 
heterocyclic group.'5 are represented hy a-pyrrolidin-carboxylic acid, 
and by oxy-a-pyrrolidin-carboxyHc acld. That histiclin also contains 
an imido-azol nucleus has now been proved. 

Diacipiperazin is aJso a)most certain)ya primary product accordlng 
to E. .Fischer 5 (see p. 5.5). 

Hydroxyl-groups are present in serin, in tetra-o){y-amino-caproic-, 
in trioxy--di-amino.dodecanoic-, in oxy-a-pyrrolidin-carboxylic-, in oxy
amino-suberic-, in oxy-amino-succinic-acids, and in tyrosin. 

Aldehyde and ketone groups are absent in albumins, according to 
Low 6 and v. Lorenz., 7 and so are the groups O-CH3 and 0-02H51 

according to v. Lorenz. 
1 F. Umber, Zeitschr./. pklISi(j~. Ohem. 25. 258 (1898). 
~ F. Reich.Hf'J'zlltlrge., ihid. 34. 119 (1901). 
:: J. "Munk. ~1"'('.h. f. (Au(u. u.) Phyll'iol. 1895, p. 551; F. Soldner and Camerer, 

Zeitachr.f. bW.33. 66 (1896). 
" See, however, note about Kjeldahl's method on pp. 81, 82. 
~ E. Fi.-.eber,.Ber. d. deutsch. ck~m. Oes. 38. 605 (1905,. 
6 O. Li)vI',~n./.prakt. OMm. ('2) 31. 129 (1885. 
7 ,J. v. Lorenz.. Zeitsch.r. f. vh'Usiol. Ohem, 1'. 457 (18l:l2~. 
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Formerly it seemed as if alhumins differed great.}y from one an 
other because of the way in which the individual groups were arranged 
in the molecule, but with the improvements in our methods of pre
paring dissociation-product" these supposed differences have become 
less and less. Bince Kossel made Us acquainted with reliable methodR 
for preparing lysin, argillin, and histidin, arginin has been found in all, 
and lysin and histidin in nearly all, albuminous substances. 'Vith E_ 
Fischer's lle'''' methods only a few albumin!) have been examined, but 
these sho\l:- a remarkable similarity. Even silk-fibroin with its entirely 
different configuration has been brought nearer to the other albumins, 
and the Same holds good for gelatine ~Lnd for keratin. Edestin, globin, 
and serum-albumin show even qUantitatively tlw greatest similarity. 
Therefore differences in albumins are not so much dependent on differ
ences in the building material as on the material being used in 
different amounts and in different arrangements. The amounts are 
yery different, as most of the dissociation-products do not occur once 
but several times in the albumin-molecule. Compliring, for example, 
leucin and histidin with tyrosin, we find that globin must contain at 
least 32 leucin and 10 histidin molecules. Calculations based on 
analytical data show the molecular weight of hremoglobin to be at least 
16669; if this figure is correct, then hremoglobill must contain at 
Jeast 36 molecules of leucin and 12 molecules of histidin. Deter
minations of the amount of ammonia contained in gelatine show, 
analogously, that gelatine must contain 8 molecules of glycocoll, while 
the amount of histidin in edestin is equivalent to 12 molecules of 
leucin and 6 molecules· of arginin. Kossel and Dakin 1 give the 
following figures for salmin: For every 10 molecules of di-amino
valerianic acid. are fonnd 10 molecules of urea, 2 molecules of serin, 
1 molecule of mono-amino-.valerianic acid, and 2 molecules of pyrrolidin
carboxylic acid. 

That one and the same substance may occur in different combina· 
tions has been shown by E. Fischer and Abderhalden, who found 
Ieucin, alanin, glutaminic and aspartic acids both in the anti- and in 
the hemi-group. 

Now arises the question: 'Yhat grouping of atoms have we to con
sider as typical of albumins 1 a question which, if we can answer it, will 
define and accurately outline the group of albuminous substances. 

The most important grouping, without doubt, is the union of 
a-amino-acids to form acid-iminee, and therefore such bodies as glycyl
glycin and its homologues may be taken as the simplest of all albumins . 

. 1 K()l;!<el, Berliner ldin. Wochen-&chr\ft, No. 41, October 1904, p. 1065. 
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It is perhaps more correct to follow Rossel,1 and also to considel' 
the second mode of union, such as we see it in arginin, as essentiuJ 
for the conception of an albumin. According to this view we would 
have to define albumins as acid-imines composed of a-amino-acids 
and including also arginin. 

This definition will coyer, without doubt, all peptoues, anti 
also the lliore complex peptids j further, the protamins, which 
latter ought not to be put into a separate class, if we consider 
what broad ehemical and genetic transitions cxist between them 
and the other albumins. A cbssification on a physiologiea1 basis) 
as has been attempted by Low 2 and by Hofmeister,3 has, according 
to Cohnheim, great disadvantages, alld IS not permissible, since 
it has hecome proba,ble that the animal hody can build up its protcids 
from all nitrogenous compounds, provided that these can be acted 
upon by it:-,; ferments. KOSE)c1 4 believes, however, tLnd the author 
think1>l rightly, that from the physiologictLl stalJdpoint ,ye are, nowa
days, not justified in l)clievillg that meat,-albumin possesses the same 
nutritive value as milk-albumin or the albumin of maize. These 
substances differ iu their chemical constitution, and ther~fore they 
mnst also play different parts in nutrition. Kossel has looked on 
t,his matt!:')· froIn still another point of vie,,,,. He dm;ws attention to 
the fact that arginin up till now is the only dissociation-product which 
has been found in all albumins, and that certain albumhls exist, namely, 
the protamins, in which arginin forms the main bulk of the dissocia
tion-products, and that the protamins appear relatively simple, becauae 
of the smaller number of compounds composing them. 'Vberesoever the 
other amino-acids increase in number and complexity, arginin diminishes 
in amount. He therefore considers arginin as the nucleus of the 
albumin-molecule, 01' mther as the nucleus round which the individual 
complexes of alburooscs group themselves in building up the alhumin
molecule. Attention is drawn once more to the fact that the most 
resisting element in albumins, which Siegfried succeeded in isolating by 
means of careful treatment with trypsin and acids, namely, the kyrins, 
are bases, consisting for the greater part of arginin and lysin. 

TH.I~ CARBOHYDRATE RADlCALtl OF ALBUMINS 

That either a carbohydrate, or some radical resembling a carbo-

1 A. Kossel.' Ber. d. deutsck. CM-m. (la. 34. III. 3214 (1901); BuN. de Za .soc. 
chim. lU /J4rM. 3eme ser., 1. 29, Nt. 14, Juli 1903. 

2 O. LOw, Maly's Jah,.esber. 1900, p. 18. 
3 F. Ho~ttr. Ergebnisse der Physi<Jlogie. 1. 1. 1902, p. 759. 
" A. Ko&Sel. &rl. kUn. Wochenschr. 41. 1065 (1904). 
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hydrate, must be contained in albumins, ha.~ been asserted for a long 
time. Berzelius 1 came to this conclusion hecause certain decomposition
products, such as humin, saccharic and oxa.lic acids, are common to 
hoth alhumins and carbohydrates; suhsetfUently, in confirmation of 
his view, he ahowed that the furfurol rea.ction is not only characteristic 
for carbohydrates, hut for all albumins. Kossel, Blumenthal, and 
others found pentoses and other carhohydrates amongst the dissocia
tion-products of the nuclen-proteid!>; these were derived, however, not 
from the albumin-moiety, hut from the nucleic acid :radical. The first 
definite proof as to the existence of carbohydrate-groups in proteids 
we owe to Eichwald,2 who discover-ed a carhohydra.te in mucin. This 
line of research was then taken up by Hammcrsten, who was, however, 
so little inclined to believe that the carbohydra.te formed R, part of 
the proteid-molecule, that he classed mucins and similar substances 
toget her as compound glycoproteids to distinguish them from ordinary 
pmteids. OHJy ufter Pal'Y 3 had prepared from what he considered 
to he a pure albumin, namely, egg-white, the osazone of a hexose, was 
this whole question discussed with more interest. Within the last 
ten years much work has been done in this field, but one complication 
arose which made progress ycry difficult, for the formation of sugar 
from proteids during metabolism, and particularly in cases of diabetes 
mellitus, has repeatedly been mixeu up with the simple problem, or 
at least has been connected with it (Cohnheim.! 

Such confusion is, hOl\'ever, quite unjustifiable, as has been pointed 
out by Miil1eJ',4. Seeman,v and MiilleI' and Seemann,6 for the amounts 
of the carbohydrates in albumin are far too :small in proportion to 
the sugar so produced. 

The most important fact, from the physiological standpoint, is the 
conversion of a great portion of the carbon of the albumin into 
dextrose or glycogen.' Leucin, which .Fr. Mii11er, 8 Cohn,!' and others 
have thought of in this respect, is a derivative of isocaproic acid .. 
and therefore would have to undergo a preliminary and complicated 

1 According to N. Krakow, Pflugds Arch. 65. 282 (1897). 
"! EichwaJd, Ann. d. Okela. umd Pkarll14C. 134. 177 (1865). 
;) Pavy, Physiology 0/ Carbohydrates, 1895. 
-1 Prioorich Miiller, Zeitsckr. f. Biowg. 42. 488 (1001). 
:; Seemann, tiber d. reducicrendtn ,SuMtanzen, welche sic11 It'lM H;llmereiuoeis" 

Ina.ugural Dissertation, Marburg, 1898. 
F. Miiller and J. Seema.nn, 't"oer die I\_bspaltung von Zucker au:. EiweisH,' D. 

mal. W08chi:uachr., 1899, Nr. 13, p. 209. 
7 M. Cremer, Er;gdmi.m de'r Physiaiogie, hy Asher and Spiro, 1. 803 (1902); Rolly 

/ft'llisch. AreA. f. /din. Med. 78. 250 (1903). 
S Fr. Miiller, Zeiisclvr. j. Biol. 42. 468 (1901). 
1/ R. Oohn, Zeitschr. /. phy8Wl. Okem. 28. 211 (1899). 
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transformation. E. Fischer 1 believes the oxy~amino~acids to be 
especially concerned in this conversion into carbohydrates. How 
important in this connection di~amino~propionic acid is has 1ecll 
pointed out on p. 164-. 

During the transformation of amino-acids into dextrose, the elimina~ 
tion of the a.mino-group is of course essential, and it is very interesting 
to observe, firstly. how the grouping of atoms, as met. with in the 
a-amino-acids, is readily attacked hy bacteria (see p. 100) and by the 
oxidising forces withi)) the :1.llimal body 2 (see also p. 106); and 
secondly, how the nitrogen I'Lnd the ca.rbon of the albumin pursue 
different. paths in meta.bolism. ~ These observations are of the greatest 
biologica.l interest, but as yet they throw but little light on the 
chemistry of proteids. 

In the folJowing pages only such prreformed carhohydrate-groups 
will be discussed as may he obtained, analogously to tyrosin or 
arginin, by dissociating albumins without allowing any disintegration 
or secoJldary processes t,o come into play. 

The first well-defined carbohydrate-compound isolated from an 
animal tissue was glucosamin, which Ledderhose -1 prepared by 
boiling the shells of lobster's claws in concentrated hydrochloric 
acid. \'linterstein then obtained a similar body from fungus
cellulose.fi 

An identical carbohydrate group c}"--ists, without doubt, also in the 
mucins and mucoids, as the investigations of Landwehr, Ii Zanetti, 7 

Hammarsten R and his pupils/1 Morner,lO Lobisch,ll and Friedricb 

I E. Fischer and A. Skita, ZeitschT. f. phllsiol. Ol!ellh 35. 221 (1902); E. Fischel' 
and H. u;uch~, llericltt d. deutsch. che1ll. &'u. 36. I. 24 (1903). 

~ H. Weiske and B. Zeitschr. f. Bioi. 20. 277 (1884) ; N. Zuntz (and 
BahlmalllL), 'u.) 1882, p. <124. 

a J. Frelltzel N. ZUlltZ), iiJid. 1899, p. 383; O. Frank and F. Y. Gebhard, 
Zeitschr. f. Biolog. 43. llj (1902); O. Frank and R. Tromrnsdorf, ibid. 43. 258 
(1902). 

4 LedderhoJ:;c, Jkl'. d. dflttsch. dunn. Gts. 9. 1200 (1878); ZeiLwltr. j~ 
Clum. 2. 213 (J87S-79), and 4. 139 (1880). See abo Tiemann, B('J'. d. 
Geti. 17. 241 and 19. 49. 

Ii E. Wintersteiu, Zeit.'>chr. f. physiol. Chem. 19, 521 (1894). 
S H. A, La.ndwehr, il.Jid. 6. 371 (1881'.6. 74 (1881), 8. 114 (1888). 
7 C. U. Zanetti, Ann. di Chim. e F~rmac. 12. (1897); in Maly's Jahresber. f· 

TierGkemie, 27. 31 (1897). 
8 O. Hammarsten, Zeitsckr. f pkysiol. (fhem. 6. 194 (I88~1, 12. 16-3 (1887); 

Pdtigtlr's Arch.f. d. ges. Phi/sid. 36.373 (1885); Zeitschr./.physiol. Chem.I5. 203 
(1891). 

9 E. A. :J'C'liStrom, abstracted from the Swedish original by HalUlllarsten, Maly's 
JahresOOr.j. '1'ierchmnu. 10. 34 (1880). 

III C. T. ~erJ ZeiUch'l'.j.physi()l. Che:m. 18, t)1, 213, 233 (1893). 
11 w. F. Dbisch, i-bid. 10. 40 (1885). 
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Muller 1 and his pupils,2 Frankel,:l Mitjukoff,4 and others, have showh. 
Some other substances belong also to this gl'OUp, namely, the glyco
proteid of Helix and ichthulin, which Hammarsten classed together 
with the glycoproteids, and furthe!', the llmcilagellOus envelope 01 

frog's eggs, 'j the coverings of the eggs of Sepia and Loligo/; and the 
ground substance of gelatinous sponge,... ,; Amongst invertebrates similal' 
substances arc probably widely distributed. 

All we knew at, first about the natUfl:' of this carbohvdrate 
."as that albumins, on heing boiled "lith acids, split off a bod.Y~which 
reduced cupric oxide in an alkaline solution, i .. e. which gave Trommel"s 
test, or one of the modifications of the latter. Subsequently all 
researches aimed at isolating all osazon, ."bieh could then be iuentified. 
by comparing its melting point and its composition with those of one 
of the known 'rnono~ or di-sacbarides. The fact was established that 
the carbohydrate which could be isolated from mueius-and eventu
ally from other proteids-was a hexose, and that ill all probability 
it was dextrose. Eichholz,' Dlumenthal,l:I and Mayer n pl'epared a 
glycosazone having the eharu('teristic welting point of 202" to 
~04". 

The rea] state of matters was first discovered by Friedrich Mimer.l 
There jj'\ contained in mucin 11 glucosamin, i.e. a nitrogeJl--{;ontaiIling 
derivative of dextrose, As this compound gives the same osazone as 
doc:5 the non -amina.ted hexose, all the older statements, made hy 
diiferer.t observers, retain their ,'alue. The existence of this glueo
s;tmin amongst the dissociation-products of tho mucills and mucoiJs has 
been confirmed, in addition to ~liiller's pupil~: 1,Veydemaun,2 Seemann,2 

1 F. MUller, 'Schleim der RespiratiollSorgane,' Sitzungsber. der Gu. z, Bejifrd. d. 
ges. Naturw. zu ilfarburg, 1896, p. 53; 1898, p. 117; Zeitschr.f. Biol. 42.468 (1901). 
{This paper contains a complcw sUlI/wary of tbu work done by !tfUJler and his 
pupils.) 

2 H. "~eydemann, Ticrisdws r,'wnmi U1t.1· Ew.:eiss: Dissert., Marlmrg, 1896; J, 
I'leemann, Reduzierende Suhstanzen (HiS 11ii.h'lU'.reiweis..I'. Dissert., Marburg, 1898; 
Zangerle, Milnch. rnedizin. lVocMnsthr., 1900, Nr. 13. 

3 S. }o'rankel, 'Spaltungsprodukte des Eiweiss bei der Yerdanung,' . .'flonatsk.j. (}/wu. 
19. 747 (1898). 

4 K. Mitjllkoff, Dissert., Bern; Arch . .f. Oynakologie, 49. fas. 2, 1895. 

5 F'. N. Sclmlz and F. Ditthoru, Zeitl:!chr. f. physiol. Ohern. 29. 373 (1900), 32. 
128 (1901). 

6 O. v. Furth, Hofmeister's ,I1eitrr"igc, 1. 232 (1901;. 

7 A. Eichholz, ''I'he Hydrolysis of Prott'ids,' Journal (if Physwlogy, 23. 163 
(1898). 

8 F. Blumenthal and P. MaY(lr, Bert"d.te d. deui.9do. du~m. (lesellsdwft, 82. 1. 274 
(1899). 

9 P. Mayer, J~tscke med. Wochenschr. 1899, Nr. 6, p. 95. 
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and Zallgerle,l by Zanetti,~ Frankel,;; and ,)acc"ViCI.:,4 Steudel,:' Panzer," 
Leathes,7 and Neubcl'g and Heymann.t-

Baisch fj discovered in 1884 au amino-hexose in urine, which is in 
all probability identical with the glucosamin which reacts with Ehrljch'~ 
test. Ehrlich's reaction with JI-dimethyl-amino-benzaldehyde, which, 
according to l\Hiller, is ,L glncllsamin-reaction, is dealt with on p. 10. 

MiiHer and his pupils ha1"C prepared glucosamin by benzoylising 
solutions conu4ining glllcosamin with henzoylchloride and caustic soda, 
<Lnd subsequently converting the resulting prodllrt" with hydroeh]oric 
acid under presf3ure, into a soap. Steudel coupled the glucof>amin 
with phenyl-isocyanate, and then converted the ne,vly-formed hody hy 
l,oiling with acetic acid into the very slightly soluble anhydride. 
N euberg and H(lymann 8 employed bromphenyl~hydmzin. According 
to K Fiscl!er and Lench::;,ll' glncm:amill hft::; Hit' formula-

H H OB 
CH.,(Oll) - C - C - C - CH(XH.,)COH 

- OIl OH H. -

It is therefore a derivative of dextrose. Only the stereo-chemical 
position of the llmino-gronp is as yet nncertain, It is identical with 
the aho\'e mentioned glncosamin, which Ledderhose u prepared from the 
chitin of arthropods. E. Fischer considers it to be :t link between the 
carbohyciratrs and tbt> oxy.tt-amino-acids. ,~ As the latter occur fair1y 
abundantly in proteids, glucosamin forms to a certain extent. a bridge 
between carbohydrates and proteids." Glucosamin is not fermentable 
with yertst, and is not, or only slightly, affected by the oxidising and 
dissociating ferments of mammals (Fabian,12 "Frankel and Offer 13 and 

1 I-J. \Veyucmann, Tier£.sr/!{'s OW/I)lli (aiS EiIf:eiss: DisI<ert., l\ll1rlmrg, 1896; .T. 
keelllanll, R('du;.0~nde Substu.nzen aus H,dUlereiu:eiss: Dissert., Marhurg, 1::,\)8; 
Zangerle, .J.llimch. 'IlIrdi:.:irl. J.fTWllflMcl/?'. 1990, Nr. 1:3. 

~ C. U. Zanetti, .11111. (Ii 0kinl. (' Ferllw(~. 12. (l89i): in J[(lIJ/1! Jahresbcril-/,t 
/. Titrchnrl'ie, 27. 31 (1R97). 

3 S. Frankel,' SpaltlUlg~produkte de,; Eiweis~ hei VeI'dauung,' _j[onat-sh. f. Ch('!l)t. 

19.7'7118"8). 
4 I\l. Jacewicz, Dissert. Pett'rshuTg" (RnssialL), from Maly's .!alw'esberichl. f 

Tif"rcMmie, 26. 8 (1896). 
~ H. Stl"'udel. Ze-itsckr. f. phi/siol. ('Mm. 38. 223 (1901),84.353 (1901). 
II T. Panzer, ibi{l. 28.363 (1899). 
7 J. B. Leatllel<, Arch. j rxperiment. Path. u. Phar7!lakol. 43, 245 (1899). 
~ C. ~ellbeTg and F. Heymanll, Hofmeister's Beitriige 2. 201 (1902). 
" K. Bllisch, Zeit.sckr. f. JII/lisid. f'IIem. 19. ~39 (1594). 
In ]<}. Fiset,er and H. Leucbs, !Jer. d. deutsch. chem, fles. 36. L 24 (1903). H<;lt{' 

also ~l1mmu-r tjf literature. 
II G. Ledderhose, Zcitscn.r.j: ph,VS'wl. Uhem. 2. 213 (1878). 
l\l R. FlI.b~, ibid. 27. 167 (1899). 
l~ S. Fra~ amlOffer, Ze'11tralblaU /. Phymowgu, 13, 489 (1899). 
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Cathgart 1), which is a further proof that it has nothing to do with the 
formation of sugar out of albumins. The mucin obtained from frog':.. 
spRwn contains, according to Schulze and Ditthorn, galactosamiu 
instead of glucosamin. 

This glncosamin is, however, not contained in the mucins as such. 
but in a more complex form. If mucin is boiled with strong acids, us 
in preparing amino-acids, only little OJ' no carbohydrate is found; it is 
apparently destroyed. being entirely cOIlverted into humin or mela
noidin, as Langstein:l has shown. J\I ullcr obtained larger quantities 
of glucosamin, only, by hoiling for a short time with dilute hydm
chioric acid, the greatest yield being obtained hy hailing for t.hree to five 
hours with 2'5 per cent hydrochloric acid. The mucin is, however, not 
completely destroyed by this process, there being formed al1JUmoses and 
peptones, which make the extraction of the carbohydrat,e very djfflcu]t. 
The carbohydrate is, however, not attached to any of the proteid
radicals, as these peptones and albumoses mlty be got rid off by 
phosphotungstic acid (Steudel), or iron acetate and tannic a.cid (Muller). 

The largest yield is obtained, according to Seeman and Langstein,.l 
when the proteid is allowed to swell up into It jelly with an alkali, and 
is then dissociated with an a.cid. Glucosamin obtained by dissociating 
glyco-proteids with acids, has these properties: It reduces, but it does 
not contain any free NH2-groups, as Steudel failed to couple it with 
phenyl-cyanate till he had previously heated the compound with 
sulphuric acid under pressure. Leathes has therefore assumed that a 
second carbo-hydrate is attached to the nitrogen, analogous to the 
coupling of atoms in chondrosulphuric acid, as held by Schmiede
berg j 3 N euberg and Heymann failed, however, to demonstrate :t 

second carbohydrate, and they deny the correctness of Leathes' views; 
glycuronic acid they also excluded. 

Ledderhose found in chitin, J\.1iiller in mucin, and Scbmiedeberg 3 

in chondrosulpburic acid, prepared from chondromucoid, acetic acid 
constantly in combination with glucosamin, As Muller further 
observed that diacetyl-glucosamins give Ehrlich's dimetbylp-amino
benzaldehyde reaction (see p. 10), it is very well possible that tIle 
body which is liberated from mucins is at first a diacetyl-glucosamiH, 
especially as penta- and mono-acetyl-glucosamins do not give the 
colour reaction of Ehrlich. 

In egg-white, glucosamin is not contained as such, because, accord
ing to Steudel, it does not at first combine with phenylcyanate. 

1 Pr. Cathcart, Zeitschr./. pkynol. ahem. 39. 423 (1903). 
2 L. Langfltein, ibid. 31. 49 (1900). 

3 O. Schmiedeberg, Arch.f. experiment. Path. 1£. Pharmakol. 28. 355 (1891). 
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Glucose pent-acetate 
Acetyl glucosamin 
Diacet.yl glucosamin 
PCllUtcetyl glncQsamin 

010H,,01' ~ C"H, 06(C2H,0):,. 
C, H"O,; N ~ 0"H,20,N(00CRs)' 
C,oH"CJ, " ~ CoHu O"N(00CH,l2' 
C,,;H2P lON ~ C,Rs O),«(;OOH),.-

If further glucosamin if.; injected into the circulatory system, it is 
eliminated for dIe greater part, according to Fahian,l while proteids 
containing glncosamin are completely oxidised. Ellinger and Gentzen 2 

llf1ve :,;hown analogously thl~t tryptophane is completely oxidised when 
adminie:tered subcutaneously, while it is excreted for the most part if 
it is fir';t converte<l into indol by the bacteria of the alimentary canal. 
Glucosamin and inuol, jude,ring by these pxperiments, are therefore, 
not llU!'lllal prodnct~ of animal metabolism, and just as indol is linked 
up as indol-amino-propionic acid, so must glycosumin also be linked up 
normally with some otl)er radical (Colmheim). 

In aJdition to glucosamill substances have repeatedly been diR
eovered ·which do not reduce, but which give the reaction of l\'Iolisch 
\p. ~) and other reactions. For this reason the substances ill 
qUlOstiun arc probabJy polysaecharids, which must be converted, in 
the first instance, into monosaeeharids before they can act as roduc
illg hadies. Such a body has been found by Lobisch in the mucoid 
of tendon, and by Hammal'sten in helicoproteid; the latter called 
it sinistrin because of its liByo-rotation. By treatment with pepsin, 
succeeded by treatment with barium hydrate, Frankel obtained 
'albamin,' which he considers to be a nitrogen-containing biose. 
After very prolonged peptic digestion Langstein 3 isolated from egg
albumin a body, the analysis of which points to its being a dihexosamin. 
This body gives rise to a reducing carbohydrate on being boiled for a 
short time with hydrochloric acid. Here must also be mentioned the 
so-caned 'animal gum,' which l.andwehr prepared by acting with 
alkalies· on mucin, and which Fohn,4 Miiller, and Weydemann aIso 
prepared, according to Landwehr's directions, by boiling mucin iu a 
Papin's pot with 10 per cent potassium hydrate, or by digestion with 
pepsin and trypsin. Animal gum is a light powder, soluble in water 
and in 70 per cent alcohol. It is precipitated by phosphotungstic acid 
and lead acetate and ammonia, and seems, according to Miiller, to be 
the lime salt of an organic acid. It it; not attacked by diastase, but 
by very sho,rt boiling is. converted into glucosa.min, yielding from 

·t'R, Fabian, Zeitschr.J.pkysiol. ahem., 27.167 (1899). 
:! A. Ellinger and M. Gentlen, Hofmmstt:r's JJeitrlJge, 4.171 (19IJS). 

3 L. Langstein, lInfmetSter's Beitriige, 2. 229 (1902). 
~ " O. Folin. ZeiJ.scIvr./. physiol. ahem .. 23. 347 (1897), 
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50 to 80 per cent of the latter. Animal gum i. not. uniform body but 
a mixture of the suspected polysaccharid with more or less of mucin· 
albumoses and perhaps also a,lbuminates. Leo Langstein 1 believes, 
however, in the existence of a true animal gum. 

On dissociating pseudo-mudns by strong mineral acids, Oton 2 bas 
obtained laevulinic acid, showing the presence of a true carbohydrate 
radical in pseudo-mucin. Paramucin does not give rise to laevulinic 
acid according to Panzer.s 

The percentage composition of animal gum is interesting, as~ 

according to Weydemann it contains only 4 to 5 per cent of nitrogen, 
which means that some portion of the animal gum must contain less 
nitrogen than does glucosamin. As the carbon percentage is also low. 
the simplest assumption to make is that animal gum is an aminated 
polysa.-echarid. This conclusion has been arrived at hy Schulz and 
Ditthorn ; 4_ as the glucoproteid contains hardly more nitrogen than does 
the galactosamin which is prepared from it, there mu~t he present 
either another non-nitrogenous body, or the NH2-group of the galacto
sa.min must be linked in some other manner to the proteid moiety. It 
is, of course, possible that individual mucins may be quite different in 
this respect (Cohnheim.) 

No definite statements can be made as to the amount of glucosamin 
present in an albumin-molecule, as it is so readily destroyed. The highest 
values attained so far are 36'9 per cent for the mucin from the trachea. 
(Muller) j 34'9 per cent for ovomucoid (Seemann); 30 per cent for the 
pseudomucin of ovarial cysts (Zangerle). For pseudomucin rnuch 
lower values have been obtained, namely, 12'.? pel' cent by Mitjukoff; 
10 per cent by Steudel, 2 per cent by Pfannenstiel; we are therefore 
dealing in.n probability with different bodies (Neuberg and Heymann). 
Schulz and Ditthorn 4 found in the mucin of frog's spawn a large 
a.mount of galactosamin, as already mentioned, 

Egg-albumin behaves exactly as do the mucins. After osazones 
and reducing substances ha.d repeatedly been prepared from it, 
Seemann and Langstein 5 succeeded in obtaining glucosamin from it. 
Seemann obtained 8'5 grammes glucosamin from 100 grammes 
albumin; Hofmeister 6 obtained even 15 per cent. 

Now the question arises: Shall we put the mucins and allied 

1 Langstein, Ergdmi88e d. Phtysiol. 3. Part 1, p. 453 (1904) j and in Zlitsehr. J. 
ph.""'. flMm. 42. 171 (1904). 

1I J. Otori, Zeit8Chr./.p'/IIJ!Bi.ol. ahem. 42. 453,43.74 and 86-
3 Panzer, ibid. 28, 863 (1899).. 
• F. N. Schulz and F. Ditthorn, 'IM. 52. 428 (1901). 
, L. Lan .... !n, iUd. 5L.49 (1000). 
, F. Ho ......... ', iUd. 24. 169 [po 170] (1899); D. Ku,*W, ibid. 118. 462 (1899). 

M 
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substances into a special class, heading them glycoproteids, and separate 
them from the remaining proteids, as does Hammarsten,l or is this im
possible because glueosamin is found also in other proteids if not in all 
albumins 1 The statement of Pavy that a reducing substance may he 
prepared from all the organs of the animal body, and usually as an 
osazone, is not convincing, because mucins and mucoids are much 
more widely distributed over the animal body than was known at one 
time. Mi::irner 2 found, for example) large amounts of ovomucoid in 
egg-white; Zauetti 3 discovered a similar substance in blood -serum; 
Hammarsten 4 found, further, in ascitic fluid and ~forner [) in urine, 
bodies, the mucoid nature of which is, however, doubted by LaIlgstein. (i 
All these substances are purified only with great difficulty from the 
accompanying globulins and albumins, u,nd therefore it is quite possible 
that in all those cases where only very small amounts of sugar, usually 
asu-zones, are obtained from genuine proteids ,ye are dealing with admix~ 
tures of mucoids. ~Tot taking into account the older researches, 
\\That has just been stated holds good also for the work of Krakow,7 
who found that fibrin, serum-albumin, serum-globulin, lactalbumin, 
and the proteid of peas, possess a slight reducing power, and that they 
Jield an osazone, while no osazone 'vas obtained frorn casein, vitellin, 
legumin, and gelatine; K . ..'\l(jrner's S statemeuts as to the existence 
of a carbohydrate in serum -globulin is also not convincing, and 
Blumenthal and Mayer 9 did not purify their yolk-albumin from 
mucoid or other proteids_ 'Vhenever the mucoid was removed, 
Eichholz 10 failed to find a carbohydrate in serum· globulin, serUID
albumin, and casein (Cohnheim). 

To settle the question as to whether a carbohydrate radical is 
contained in serum-albumin, Langstein 6 has employed thrice crystallised 
horse-albumin prepared by Krieger's method. He obtained results 
comparable to those got with egg-albumin; by dissociation with alkalies 
a non-reducing substance is obtained which gives an intense furfurol 
reaction, and w-hich, after short boiling. yields a reducing carbohydrate, 
apparently glucosa,min. 

I O. Hammarsten, Lehrbu,ch d, physiol, Ohem" 4th edition, 1899, p. 388. 
Z C. T . .Morn~r, Zeitschr. f. physiol. Oheln. 18. 525 (1893). 
3 C. U. Zanetti, Maly's Jah,resbeT.j. 1'ierchemu, 27.31 (189i). 
4 O. Hammarsten, Zeitschr. j. physiol. Chem, 15. 203 (1891). 
:, K. J\ .. g, Morner. Skandina'lJiscke& Arch.f. Physiol. 7, 882 (1895). 
~ L: Langs~in. Hofmeister's Beitr, 1. 259 (1901), 
i A. ~qW, Pflu.ger's Arch. f. ~, ges, PhysW/., 65, 281 (1897). 
S K.. A.; B. Morner, &nlralOl. f. PItYGid. 7. Nt, 20, p. 561 (1893). 
9 F. Blumenthal and P. Mayer, Ber. d. deu~sch. cMln. Ges. 32. I. 274 (1899)_ 

lei A, ~ J(.;IJ,rn. of Physwl. 23. 163 (l8SS), 
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He further suspects a carbohydrate-acid. In serum-globulin 1 be 
found grape-sugar; an aminated hexose, which was not glucosamin and 
still other substances resembling carbohydrates. But as serum-albumin 
contains only 0'5 per cent, and serum-globulin a little more than 1 
per cent of these bodies, the proof is yet wanting that these substances 
are really derived from albumins and globulins, and that they arc not 
simply admixtures, linked perhaps chemically to the albumin (compare 
with p. 222). Abuerhalden, Bergell, and Dorpinghaus 2 state that 
they prepared serum-albumin which gave no trace of Molisch's re
action. Langstein 3 observes that be never had 80 pure a specimen, 
and that in his case the serum-albumin may' perhaps' have contained 
traces of nou-coagulable albumins, which according to Zanetti 4 always 
contain glucosamin. Langstein has certain evidence, not yet pub
lished, that pure serum-albumin does contain some glucosamin. 

Although, then, no exact proof has been so far adduced in support of 
the view that, with the exception of egg-albumin, mucins, and other 
glycoproteids, a carbohydrate radical is contained in proteids, there 
is a whole series of other facts (apart from the results of LangsteiJl, 
Krakow, and Frankel discussed above) which show that a carbo
hydrate group is present in most albumins, for the following reasons :-

1. The reaction of Molisch (see p. 8) is a furfural reaction, and 
is admitted by everyone to demonstrate the presence of carbo
hydrate. Pick 5 has shown that Molisch's reaction is present 
only in some of the dissociatIon-products resulting from peptic 
digestion. He has isolated amongst the deutero-albumoses a 
glueo-albumose, and further a gluco-peptone or 'Peptone A.' 
TLese substances, in addition to giving the reaction of Molisch1 

are further characterised by a high oxygen and a low carbon 
and nitrogen percentage. Gluco-albumo!Se has so far been 
prepared only fr:om 'Vitte's peptone1 and as it is not known 
from what material "Titte's peptone is made! the possibility of 
mucin albumose!; being present must not he lost sight of. A 
g]yco-peptone has, however, on the other hand, been prepared 
by Umber 6 from serum-albumin and serum-globulin. 

I L. Langstein, SitzUl~flsber. de:r W£ener Akad. d. WissCitsch .• maik.-nat. Kl., Part 
2°, 112. (May 1903). 

2 Emil Abderllalden. Peter Bergell, and Theodor Dorpinghaus, Zeilschr. j. physiol. 
Ch<m. 41. 530 (190'). 

3 Leo Ldngstein, ibid. 42. 171 (1904). 
4 Zanetti, La Ohim. ltal. 1. 160 (1903). 
5 E. P. Pick, Zcitsckr.j. paysiol. Ghetn. 28. 219 (1899); Hojmeister's Beitr. 2. 481 

(1902). 
6 F. Umber, Zet"tsckr. f. pkyswl. Chern. 25. 258 (1898). 
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2. The second reaaon has already been given on p. 67. If, after 
deducting the water, one adds together the carbon, nitrogen, 
and oxygen values of the known dissoeiation~products of globin, 
figures are obtained with a higher value for carbon and nitrogen 
and a lower value for oxygen than are possessed by the mother
substance, namely globin. Therefore the most ready ex
planation seems to be that one or more carbohydrate groups 
are contained in the unknown radical (Cohnheim). 

Mucins and egg-albumin are therefore not glyco-proteids in the 
sense that compounds of nucleic acid with albumins are nucleo-proteids, 
for they only contain one of tbe usually occurring dissociation-products 
in a larger or in a more readily accessible amount. Some albumins 
-e.g. casein, gelatine, and elastine-do not seem to possess any carbo
hydrate, and are in this respect analogous to other compounds in 
which, e.g., the glycocoll or tyrosin radicals are absent. 

In what form carbohydrates are contained in the albumins we 
therefore do not know; we can only say that glucosamin is derived 
from it secondarily. 

SOME PHYSIOLOGICAL CONSIDERATIONS 

As in cases of diabetes mellitus, the amount of sugar found in the 
urine is far in excess of the amount of glucosamin occurring normally 
in the albumin-molecule (see p. 161). Muller, Kossel, Kraus,l and 
R. Cohn have developed the conception that carbohydrate may be 
formed out of certain atomic complexes which themselves do not 
possess a carbohydrate nature. These investigators have assumed 
that the hexone-bases (see p. 20) or that amino-acids, set free hy 
the dissociating action of pepsin, tryp:;in, and erepsin may become 
des-aminated; that their carbon-chain lnay be hroken up a.nd then he 
reformed into carbohydrates. 

Tha~ di~amino-propionic acid is of special interest in connection 
with the formation of carbo-hydrates out of albumins has been pointed 
out by Paul Mayor.' (Soe below.) 

Klebs, the discoverer of di-amino-propionic acid, 3 showed that this 
acid is converted into i-glyceric acid on being acted upon by gaseous 
nitrous acid. "Vith the view of removing only one NH2-radicalt 

Neuberg and Silbermann 4 added an equivalent a.m.ount of silver nitrite 

1 rr.: Krallfl • .&:rUn. klin. Wvchensch. No.1 (1904). (Here is given a summary of 
'heU_), 

• P. 111.."." IkiUchT. J. phy.wz. 0;.", .. 42. 59 (1904. 
, O. Klebo, Wid. 19. SOl (1894). 
'C. N.,.."awi M. Bilhenn .. .,Bt>-. d. ae."ch. _'.,Gu. 37. 341 (1004). 
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to the hydrochloride of a.-,B-di-amino-propionic acid 1 and obtained 
iso-serin or a-oxy -J3-amino-propionic acid. 

OH,(NH,) . OH(KH,)OOOH + OH,(NH,). OH(OH). OOOH. 

"In thie; nitrite reaction, as in the physiological des-aminatlon of the 
di-amino-fatty-acids, the amino-group, NHz1 next the carboxyl-group 
(COOH) is more readily eliminated," for o-amino-valerianic acid is 
formed during putrefaction out of the a-8--di-amino-valerianic acid, or 
out of arginin, M shown by E. and H. Salkowski.2 

Paul Mayer," by injecting the hydrochloride uf di-amino-propionic 
acid into rabbits, found this di-amino acid to become des-aminated: 

OH,.NH2 

I 
OH . KHz + 2H20 
I 

OOOH 

OH,.OH 
I 
CH .OH + 2NH, 
I 
COOH. 

I~i-a.mino-propionic acid + water == glyceric acid+ammonia. 

This transformation into glyceric add is a new proof of the intimate 
physiological relationship between amino-compounds and hydroxyl
compounds, and between the latter and carbohydrates, because by the 
reduction of glyceric acid, OH20H-CHOH-COOH, into glycerine
aldehyde, CH1PH-CHOH-COH, there is formed a true sugar. 
The glycerine-aldehyde being in itself a true sugar, by condensation of 
two molecules can readily give rise to hexoses, according to 'Vohl and 
Xeuberg,4 analogous to the two-carbon series, when, as Mayer U has 
shown, there is formed glycol-aldehyde. 

The probable inter-relationship between d-glycuronic acid and 
d-glyceric acid has already been alluded to on f. 36 under the 
di-amino-propionic acid. 

As in the fatty di-amino-acids the a-NH2-radical is eliminated by 
the action of nitrites, 

lysin, NH,. CH,. [OH,],CH . NH,. OOOH, 

probably gives rise to E-amino-a-oxy-caproic acid: 

NH,. CH2[CH,l,CH(OH). OOOH, 

1 They DOW advise the use of barium nitrite. Ber. d. deutsch. dlfm. Ues. 36. 4384 

(1903). 
2 E. and H. S&lkowski, wid. 16. 1191 and 1802 (18BS). 
3 P. Mayer~ Zdtschr. j. phyaiol. Chen" 42. 59 {1904} • 
• Wohl and Neuberg, Ber. d. deutsdl. ckem. Gea.33. 3095 (1900). 
~ P. May6r~ Ztitschr. f. pILl/siol. Chem. 38. 135 (1903). 
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which is isomeric with the oxy-amino-acids, C6H13N03) described by 
E. Fischer and Tiemann 1 and Yeubel'g and 'Volff.2 

In the e-amino-a-oxy-caproic acid, the NH2-radicaJ may be substi
tuted by a halogen (e._q. by Joehem's method), and the resulting cont
pound be reduced to a-oxy-n-caproic acid, CH,. [CH,lCHOH. COOH, 
and in this way a relationship be established to glucosamic acid and 
to glucose. 

Analogous to the conversion of di-amino-propionic acid into glyceric 
acid is the change which alanin, or mono-amino-propionic acid, undergoes 
in passing through the body, for it gives rise to lactic acid, 3 ,,,,hich, as a, 

tautomer of glyceric-aldehyde, is closely related to glucose. Embden 
and Salomon 4, have further shown that in dogs suft'ering from pan
creatic diabetes, alanin produces a very marked and quickly occurring 
increase in the amount of sugar in the urine. The same authors in 
a later paper 5 show in addition that lactic acid, glycocoll, and 
asparagin increase the amount of sugar, \vhile nrea does not. That 
aspamgin Jeads to sugar-formation was, however, first obsenred hy 
Nebelthau.6 

The t'\l'O most promising observa6ons made recently in connection 
with the forml~tion of sugars from albnmint and reversely the con
version of sugars into aminated radicals occurring in the albumin 
molecule, are those of Skraup and 'Y ohlgemuth who discovered the 
di-amino-poly-carboxylic acids. (See pp. 44 to 45.) 

The two most promising observations made recently in connection 
with the formation of sugars from albumin, and reversely the con
version of sugars into aminated radicals occurring normally in the 
albumin, are the discovery of oxy - diamino - dicarboxylic a.cids by 
Skraup T (see p. 44), and the conversion of grape-sugar into methyI
imidoazol by Windaus and Knoop.s 

The oxy-amino-acids-serin, oxy-proHn, tetraoxy-amino-caproic 
acid, oxy-amino-suberic acid, trioxy-diamino,dodeca.noic acid, and oxy
amino-succinic acid-occupy a position midway between the sugars 
and the amino-acids. The following oxy-acids have been synthetised ; 

1 Fischer And 'l'iemann, Ber. d. deutsd!-. clMIn. Gee. 27. 144 (1894). 
2 Neubel'g and Wolff, ibid. 35. 4015 (1902). 
:l Neuberg a.nd Langstl!ill, Verhand. phyS'iol. Ges. BerUn, 1903. See also Neuberg 

and 8ilbennann, BN'. d. deuJsch. CMfIt. Ges. 37. 339 (1904). 
4. G. Emhden .and H. Sa.lomon, Dqfmeistcr's Be£tr<i{!e, 5. 507 {IPOl}. 
, Ihi4. 6- 63-(19()4). 
, Nebeltktm, 'Milnchene:r 1nediz. WQ{:MnsChr. 1902, p. 917. 
1 Zd, H. Skraup, Zeitsckr./. p/oydol. Chern. 42. 274 (191)4) ; and Wiener Mcmatslujte, 

26.245 (1905). See also J. Woblgemlltb, Ber. d. deutsch. dum. Ge8. 37. 4362 (l904). 
8 A. wtaa aud F. K.noop, Br:r. d. de'l1i.sch. them. Gu. 38. ]166 (1905); and in 

Hofmeister's .1Jeitriige, 6. No.8. 
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SeriTI by Fischer a.nd Leuchs,l and Erlenmeyer; 2 oxy-amino-sllccillic 
acid by N euberg and Silbermann; 3 diamino-succinic acid by Tafel; 4 

dia.mino-adipic acid by Traube 5 and Kohl; 6 diamino-subel'ic and 
diamino-sehacic acids and their oxy-acids by Neuberg,7 ,..-ho has also 
proved experimentally that the diamino-acids by splitting off CO

2 
become converted into the diamines met ,",'ltb during digestion,S and 
the ptomains \) formed during putrefaction. 

The tra.nsformation of grape - sugar into methyl-imido-azol is 
remarkable for the ease with which it occurs at the ordinary tempera
ture, and also because the imido-azol forms the link between grape
sugar on the ODe hand. and histidin on the other hand, for it has been 
pointed out on p. 43 that histidin is an imido-azol compound. The 
(a- or (3-) methyl-imido-azol (or roethyl-glyoxalin) 

CHs-O-NH 
Ii "CH 
CH-N/ ' 

is obtained by letting a solution of zinc hydroxide in ammonia act 
on grape-sugar for six weeks. 

The intermediate stages from grape - sugar to lactic acid are 
glyceric-aldehyde ;:: methyl~glyoxal ;:: lactic acid, and similarly 
methyl-glyoxal is formed as an intermediate product during the 
formation of methy Hmido-azol 

CH,(OH)[CH(OH)J.OHO -+ OH2(OH), OH(OH) ,OHO -» 
grape-sugar. glyceric·aldehyde. 

OH" CO, OHO --+ OH" CH(OH), OOOH 
methyl-glyoxal. 

CH,--OO 
I + 

OOH HaN 

H 
"OH 

0/ 

lactic acid. 

OH"C-NH 
I "OH 
OH-N/ 

methyl-glyoxal + ammonia + formaldehyde. methylimido·azol. 

If the formaldehyde is a primary dissociation-product, and is not 

formed secondarily from methyl-glyoxal, we are dealing here with 

1 E. Fisch6r and Leuchs, Ber. d. deutsch. elWin. Gell. 35. 3790 (1902). 
2 E. EJ'lenmeyer, jun., ibid. 35. 3769 (1902); and Ann. d. Ohem. 337,236 (1904;. 
3 C. Neuberg and M, SilbermlIDn, Zeitst;hr.f. physiol. Okem. 44. 147 (1905). 
4, Tafel, Be'l'. d. deut.sch. dum. OilS. 20. 244 (1887); aDa 26. 1890 (1893). 
~ W. Traube, ibid. 35. 4121 (1902). 
6 W. Kohl, ibid. 36. 172 (1903). 
1 C. Neuberg, Zeit3cWr.j. physiol. eke-no. 45. 92 (1905); and ibid. p. 110. 
S A. Loewy and C. Neubel'g, ibid. 43. 338 (1904). 
1;1 A. Ellinger, ibid. 29. 334 (1900); and Be:r. d. deutsch. rAem. Ges. 31. 3183 

(1899), 
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another exa.mple of a reversible process, for formaldehyde may be 
built up into hexoses, and the latter be reconverted into formaldehyde. 

Many physiolo¢cal data of the highest importance will also be 
found in the two papers by Neuherg,l who discusses the physiology of 
the pentoses and of gIycUJ'onic acid, and by Langstein,2 who deals with 
the formation of caJ'bohydmtes out of albumins, and .special attention 
is also drawn to the paper by Raux,s in which ne"w amino-sugars are 
described. 

The occurrence of alcohol in the tissues is discussed by LftUdsberg.4 

The formation of fat ti'om albumins has been fully disCllBsed by 
Slosse." The exi:;;tence of long carbon chains in the albumin-molecule, 
.as discovered by Skraup (see p. 45), brings Us nearer the higher fatty 
acids; but there is a good deal of evidence against fat-formation from 
albumins in the c:tse of phosphorus-poisoning, judging by the account 
Boruttau 6 t,>i_ves. 

THE SULPHUR- RADICALS OF ALBUMINS 

'Yith the exception of the protamins, peptones, and rnycoproteid 
(.ee p. 172), sulphur is contained in all albumins. The sulphur-con
taining dissociation-products cystin, cystein, and a-thiolactic acid have 
already been referred to (pp. 56 and 83). The following substances 
occur also! Ethyl-sulphide, found by Abel 1 in urine, and by Drechsel 8 

after dissociation with acids; methyl- and ethyl-mercaptan and su]
phuretted hydrogen, discovered by Sieber and Scboubenko after fusion 
with alkalies, and similarly by Rubner,9 who also obtained them when 
employing dry distillation. During putrefaction these three substances 
are also met with:':' (See p. 104). 

Drecpsel observed that the compound from which ethyl-sulphide was 

1 Neuberg, Ergebnisse d. Physiol. 3. fase. 1, p. 373 (1904). 
2 Leo Langstein, ibid. p. 453. . 
3 M. Roux, A nn. de chim. et de phys. 8. 72. 
4 Georg Landsberg, Zeitsckr.j. physiol. Ohern. 41. 505 (l904). 
5 A SlO&le, Amuues de ]a Boc. roy. des 8cUmcts midicnles ~t na,turelles de Bruxelles, 

13. fasc. 2 (1904). 
t; H. Boruttall, A7'Ch. ital. de Biol. 88. 157 (1001); a.nd in Fano·s..drch. d. Fidel. 

2. 26 (1.04). 
, .T. 'J. A"~, _. 20. 258 (IS95). 
, E. ~; 1Ien',albl. J. Phy.Wl: 10. 529 (1896). 
Ii N. Sieber and G. Schoubenko~ Arnh. des ScWnetS owl. de St. Pttcrsbowrg, 1. 314 

(1892) ;.M. Rubner • .Arm. f. Hygiene. 19. 136 (1893); E. and H. Salkowski,. Bttr. d. 
deutsch. ~ 12. I. 648 (1879); E. Baumann l Zeit&ehr. I. phyfiot. Glum. 20 
083 (1895). 
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derived was precipitated by phosphotungstic acid, tha.t it therefore was 
a base, and Miiller and Seemann 1 and Blum and Vaube1 2 also described 
a sulphur-containing base of unknown constitution amongst the dis
sociation-products of egg-white. Amongst these substances, cystin 
{for full account see p. 56) must be considered to be the primary 
dissociation -product, as it has been found in large qua.ntities by 
1\lorner,3 Embden,4 and Patten;' after dissociation with acids and after 
digestion with trypsin. Cystein is formed secondarily, according to 
Patten. Besides a-thiolactic acid, Friedmann 1.\ believes to have found 
its disulphide. Sulphuretled hydrogen and the mercaptan .. may be 
derived directly from it, while there is some difficulty in deriving 
ethyl-sulphide. The interrelation between a-thiQlactic acid and cystin 
is exvlained on p. 83. The explanations of Ba.umann)' are based 
on the older formula, according to which cystein is o!:t-amino-a-thiolactic 
acid, and are therefore antiquated. Morner has found cystins so 
constantly and in such preponderating amounts, that by comparison 
thiolactic acid and Drechsel's base are of very subordinate importance. 

Cystin splits off a part of its sulphur as sulphuretted hydrogen on 
being boiled with sodium hydratel and therefore behaves exactJy as do 
albumins (Baumann,s Schulz,[1 and Suter 10). In testing for sulphur, 
alhumins are boiled, as a rule, with sodium hydrate and lead aceta.te, 
when, owing to the formation of lead sulphide, a black precipitate, or 
.at least a dark coloration, is produced. Schulz and Suter have shown 
that sulphur is split off very gradually, eight to nine hours being 
required to obtain the maximal splitting-off. During this process the 
sulphuretted hydrogen may become oxidised, for which reason Schulz 
made his determinations in an atmosphere of coal gas, substituting at 
the same time zinc for lead. The conditions are much more difficult 
when we are dealing with the albumins themselves instead of working 
with cystin, for the latter must be liberated from the rest of the 
.albumin-molecule before it can be acted upon any further. 

A great deal of importance used to be attached to the idea that 
albumins contained their two _sulphur atoms bound up in different ways 
-the one in the form of sulphuretted hydrogen, the other in a non-dis-

1 J. 8eerua.nn, Dis5ertation, Marburg, 1898. 
!l F. Blum and W. Vaubel, Jrnvrn,f. prakt. Ohem. [2], 57. 365 (1898). 
3 K. A. H. M.arnel', Zeitsckr.j. phy8i.ol. Che?n. 28.695 (1899),·34. 207 (1901) . 
.. G. Embden, ibid. 32. 94 (1900). 
~ F. A.. Patten, ibid. 89. 850 (1903). 
(I E. Friedmann, Hoftnei8ter's Beit'l'itge, 3. 184 (1902), 4- 486 (1903). 
7 E. BaumaDh, &mohr.f. ph • ...,. Cium. 20. 583 (18 •• ). 
S E. Baumann, ibid. 8 .. 299 (1884). 
9 F. N. Schulz., ibid. 25. 16 (1898). 

10 F. Su~r, wid. 20. 564 (1890). 
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sociable, perhaps somewhat more highly oxidised form. But this whole 
conception is erroneous, apart from the existence of the A- and B-cystin 
which have heen described on p. 56, since the symmetrically built cystin 
and the cystein containing only oue atom of sulphur behave exactly as 
do albumins, and since Morner has found eystin in sufficient amounts to 
account for the whole or for the greater part of the sulphur occurring 
in albumins. Miirner, however, still makes use of the old view, for be 
calculates from the amount of sulphur which is readily split off how 
much cystin is actually present, and thence concludes as to whether any 
given albumin contains only cystin or whether it is necessary to assume 
the existence of still another sulphur-containing dissociation-product. 
He arrives at the conception that the keratin of CO,,,'8 horn and of hair, 
that serum-albumin and serum-globulin, contain only cystin, while the 
shell-memhrane of bens' eggs, egg-albumin, and fibrinogen contain, 
besideR crstin, yet other sulphur bodies. These calculations are, how
ever, not very certain. That we do not yet uuderstand all the ins and 
outs of this question is shown by the following considerations. Accord
ing to Maly,l LoW,2 and Bernert,S the lead sulphide reaction is not 
given by oxyprot-sulphonic acid, which is formed when albumins are 
oxidised with an alkaline solution of potassium pcrmanganate; it con
tains, however) the whole of the sulphur, and will split off sulphuretted 
hydrogen if oxidation is prevented (Schulz 4). An analogous hehaviour 
is shown by the iodine-containing albumins (according to Hofmeister 5), 

and by the salts which denaturalised albumins form with many heavy 
meta1s (Harnack 6). Even when dissociating alhumins slow1y with 
dilute alkalies, some sulphur is split off quite early.\' The authors 
assume a partial oxidation, but other explanations are possible. 

Pick,8 on the other hand, has shown that primary albumoses pre
pared from the cystin-containing fibrin give off the whole of their 
sulphur in the form oi sulphuretted hydrogen, and that thereiore the 
sulphur cannot be contained in these albumose!; as cystiD. Morner\) 
states further that the suiphur of glutin, which cannot be split off, is 
not even oxidised if aqua regia be used. 

1 R. Maly, Monatshiftef. Chemic. 6. 107 (1885), 9. 258 (1888). 
2 O. Low, JOl('r)1. f. prakt. Chmn. [2],5. 433 (1872), 31. 129 (1885). 
;\ R. Bernert, Zeitschr. f. physwl. Chem. 26. 272 (1898). 
4 F. N. SchUlz. wid. 29. 86 (1899). 
/j F. Hofmeiste;r, ibid. 24. 159 (1897). 
s E. H~ Jkr. d. deutsch. ch.eTrr. Oes. 31. 11.1938 (1898). 
7 N. Liebet-kiihn, Arch./. Anal., PhysWl. u. wisscnschaltl. Medizin, 1848, pp. 285 

and 323. 
8 E. P. Pi~chr.f. physiol. Chem. 2S. 219 (1899j. 
9 C. T. Mora~l', ibid. 28. 471 (1899). 
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, Hair, human . 4'95 to 5'34 4 

2'52~ to 4'35~ 
2'59 to 3'16 4 

13'92 1 !l.' Thiolactic acid 19 

! ~~~t:~:~~~se: 
I ~r~~filil)~ 
; Hoof. . 
! Egg-shell, hell 
I Gorgoniu . 
I Neurokeratin. . 

I ~:~~:~:t~~:~~: ~~::n 
Serum·globulin, }lOrse 
Egg-·albumin 
Fibrinogen 
Myosin 
Casein 

I Glohin 
I Ede'ltin 

Excelsin 
Legumin 
Vignin 
Amandin. 
Gliadin 
Zein. . . . 
:11ucin (salivary glands) 
Mucin (snails) 
Glutin 
ElaiStin 
Spongin 
Amyloid 

: i 3'89 1 

35 4 

'1'25 7 

2'32 18 

2'93 17 

1'89 2 

2'315 
1'382-
1'18 2 

1'251> 
1'201{) 
(1'758 9 

0'42 2 

0'884 6 

1'088 6 

O'S85 Ii 

0'426 11 

0'429 6 

l'02i (; 
0'0 6 

0'848 12 

1'71 to 1'6 11 
0'25 13 

0'55 H 

O·it]" 
1'56 16 

;'62 1 

1'51 1 

0'29 1 

1-17 1 

Traces l 

0'312(l 
0'259/) 

!l.. Thiola.ctic acid 19 

a.Thiolactjc acid II' 

{l,. Thiolactic acid 19 

Ethylsulphide 

No sulphur is contained in the peptones, in the protamins, and 

1 K_ A. H. Morner, Zettsckr.J,pkysiol. Chern. 34. 207 (1901). 
2 F. N. Schulz, ibid. 29. 86 (1899). 
3 F. Suter, ibid. 20.564 (1895). 
4 P. Mohr, ibid. 20. 4Q3 (1894). 
5 K. V. Starke, Maly's JaMesber. j. Tierchemie, 11. 17 (l8Sl). 
e T. B. Osborne, Oke'll., Zent1'albl. 1902,1. p. 502. 
:> V. LindwaIl, Moly's Jakl'e8OeT. f. TierdLe1Wie, 11. 38 (l8S1). 
8 O. Hammarsten, ZeitschT, f. physwl. Chem. 22. 333 {189S). 
9 0. Hammarsten, ibid. 9. 273 (1885). 
10 W. Kuhne and R. H. Chittenden, Zeihckl'. /. Bid. 20. 358 (1889). 
II 0, Harnmarsten, PflUger's Arch. f. d. ge8. Physiol. 36. 373 (1885). 
HI 0, Hammarsten, Gu. d. Wissensch. zu Upsala, June 15, 1893. 
IS C, T. Mornel', Zdtsch1'.j, phyBiol. ahem. 28. 471 (1898). 
l' Ebbe Bergh, ibid. 25. 337 (1898). 
15 E. Harnack, ibid. 24. 412 (1898). 
Ie A. TsC!hennak, ibid. 20. 343 (1894). 
17 W. Ittihne and R. H. Chittenden, Ze:iischr, f. Biol. 26. 291 {l89!). 
18 M. Henze, Zeitsehr.J. physWl. ahem. 38. 60 (1903). 
19 E. Friedmann, Hqfmeiakr'S &itr. 3. 184 (1902). 
S!> E. Abderhalden. ZeitsMr. f. pkysiol. CMm. 37. 499 (190B}. 
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in the mycoproteid, which Nencki 1 prepared from anthrax bacilli. 
\Vhether fibroin and conchiolin contain sulphur is not stated. 

On decomposing albumin with pepsin~hydrochloric acid, cystin is 
found only in certain complexes; proto~ and hetero--albumose contain 
some sulphur giving the lead reaction,2 but most of the sulphur is con
tained in one of the deutero-albullloses, which Pick 3 has therefore called 
thio-albumose. 

1 M. Nene/d, &'1'. d. deutsch. chon. 6'es, 17. II. 2605 (1884); Xencki and F. 
Schaffer, Journ.j. prakt. Ohem. [2), 20. 443 (1879). 

2 E. P. PIck, Zdtschr.f. physiol. Chem. 28.219 (1899). 
3 E. P. Pick, Hnfmeister's /kitr. 2. 481 (19D2). 



CHAPTER V 

ALBUMOSES AND PEPTONES 

\VHATEVER means we adopt for dissociating the naturally-occurring 
or 'native' albumins, we always find that, at first, they break up into 
albumoses and into peptones. These latter a.re still albumins, using this 
term in its wide sense, for they possess the sa.me chemical structure and 
dissociate into the same radicals as do the albumins. For these reasons, 
too, they give the same chemical reactions, and, amongst the colour 
tests, particularly the biuret-reaction. They are further precipitated 
by acids and by bases. Albumoses and their salts are, however, much 
more soluble than are the albumins, and the further they a.re removed 
from the albumins the more difficult does it become to precipitate 
them and to obta.in those reactions which are typical of the .albumins. 
They also differ from albumins in those physica.l properties which 
depend on the size of molecules and on the colloida.l state. 1~or this 
reason album08es and peptones have always been compared to the 
dextrines and to the di- and mono~saccharids, substances which are 
derivatives of the colloidal carbohydrates. 

The transition from the' native) albumin to the amino.acids is a. 
very gradual one owing to the existence of a large number of inter. 
mediate substances. As only a few substances out of this large number 
of bodies have been isolated as distinct chemical individuals, any 
attempt at classification must as yet be difficult and arbitrary. Long 
ago a.ll substances derived from albumin were classed together as pep
tones, but Kuhne 1 introduced in 1885 the following nomenclature:-

Albumoses.-These are defined as dissociation-products of albumins, 
which cannot be coagulated by heat, hut which can be salted out by 
certain salts, as, for example, by ammonium- or zinc-sulphate in acid 
solutions. 

1 W. KUhne. l""mh. des naturhist&r.·fMdizin. Vern$.! zu HtJidelberg, N.F. III. 286 
(1885); PoUiU.e>", ibUl. Ill. 298 (1885); S. w..", Zdischr. f, BioWg. 32. I (1886) ; 
W. Kuhne and R. H. Chittenden. ibid. 20. 11 (1884). 
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Albumoses are again subdivided into primary and secondary 
albumoses. The primary may greatly resemble the albumins; they 
a.re precipitated, and thus separated from the secondary albumoses, 
by either completely saturating their solutions with sodium chloride, 
or half saturating thern With ammonium sulphate. The primary 
albnmoses arc represented by the proto- and the hetero-albumose. 
Kiihne also describes a dys-albumose, but it is now generally believed 
that the latter represents betero-albumose wbich has become insoluble. 
The secondary or deutero-alhumoses are in many instances only 
divided from the poptont's by arbitrary definitions. 

Beyond the stage of peptoues we come to the peptids or sub~ 

stances huilt up of two or more amino-acids on exactly the same 
principles as are alhumins, and whjch therefore, from the chemical 
standpoint) are douhtlesfl albumins. A number of di- and poly-peptids 
have heen prepared synthetically by Curtins and Fischer and their 
pupils, as sta.ted in Chapter III. It is difficult to separate peptids 
from peptones; the most ready, but again arbitrary, method would he 
to make use of the biuret-reaction j thus peptones do, while peptids 
do not, give this reaction. The peptids are called by Hofmeister 1 

peptoids. 
AlbnmoselS, when in the dry state, are white, dust-like, non

'Cr;vstalline powders. \Yitb the exception of the hetero-albumoses, 
they are readily soluble in "rater; still more soluble arc many of their 
MItIS. They are all precipitable by alcohol, the different albumoses 
heing precipitated by different concentrations of alcohol. Albumoses 
give a red biuret-reaction with a tinge of violet. All albumoses give 
the xanthoproteic test, while the other colour testIS are either negative 
or posjt.ive accordiIlg to t.he radicals contained in the individual 
.albumoses, 

Albumoses show, according to Kiihne,2 Neumeister,S and Hof
meister's school,4- the following precipitation tests :-Albumoses are 
precipitated by ferric chloride, neutral and basic lead acetate, mercuric 
chloride, platinum chloride, and other,metallic salts, but the precipitates 
are more or less soluhle in an excess of the precipitating agent. 
Copper sulphate, and the even more sensitive copper a.cetate, precipi
tate only the primary but not the deutero-albumoses, and are therefore 
used to separate the primary from the. s~condary albumoses. 

1 F. Hofmeister, Ergebnisse dcr Physiologie v. Asher-Spiro, L 1.759 (1902). 
2 W. KUhne aul R. H. Chittenden, Zeitschr. f. Bioi. 20. 11 (1884). 
3 R. Ne~r, 't1"ooT die Reakt10nen der Albumosen nnd Peptone,' wid. 26. 

324 (1890) . 
.J.. E. P. Pick. Zei~chr.f. physwl. f)kenz.. 24. 246 (1897); E. Zunz, ibid. 27. 219 

{l899). ,;:.;;. 
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Ferrocyanic acid, used generally in the form of acetic acid + 
potassium ferrocyanide, precipitates all albumoses, but the presence of 
peptone may interfere with the reaction. On heating, the precipitate 
disappears, while it reappears on cooling. Nitric acid precipitates the 
primary alhumoses even in the absence of salts, the deutero-albumoses 
only in the presence of sodium chloride, and the lowest members of 
the deutero-albumoses only if the solution be saturated with saIto The 
precipitate is soluble in an excess of nitric acid, especially on heating, 
but it returns on cooling. This last reaction Kuhne held to be 
characteristic of albumoses, but it is also given by histones (see under 
Histone). 

Albnmoses are completely precipitated by the following alkaloidal 
reagents :-Phosphotungstic-, phosphomolybdic-, picric-, tannic-, tri
chlor-acetic-, and metaphosphoric acids. The tannic acid precipitate of 
prot-albumose is, however, soluble in an excess of the acid. Some of 
the precipitates dissolve on heating and re-form on cooling, while 
others are permanent when heated. Albumoses are also pJ·ecipitated 
by bin-iodide of mercury dissolved in potassium iodide) bismuth iodide 
dissolved in potassium iodide and potassium iodide + hydrochloric 
acid, but the precipitates of the deutero-albumoses are partly soluble 
in a.n excess of hydrochloric acid. Bang 1 has furthet found amongst 
the albumoses certain substances which must be preponderatingly 
basic in their nature, because they are precipitated by alkaloidal re
agents even if the reaction be neutral, and also by alkalies. As 
'acro-albumose,' Kuhne 2 and Folin 3 have described an acid albumose 
which is precipitable by acetic acid; it occurs occasionally in \Yitte's 
peptone, and belongs, if judged by its solubility, to the primary 
albumoses. Albumoses are lrevorotatory, but so far no determinations 
have been made with chemically pure preparations. 

The primary albumoses, but not the deutero-albumoses, give, 
according to Kassel, <l precipitates witiJ protamins and histones as do 
the natural albumins. Kutscher,!) reversely, obtained precipitates 
when sodium salts of the acid albumins-globulin, myosin, syntonin, 
etc.-were allowed to drop into deutero-albumose solution. He 
explains this phenomenon by assuming the fonnation of the slightly 
soluble globulinates of deutero-albumose, but it is possible that the 
deutero-albumose withdraws the sodium from the normally very 

1 J. Bang, Zeitsckr. f. physiol. aMm. 27. 463 (1899). 
2 W. KUhne, Zeitsch1'.j. Biol. 30. 221 (l894). 
3 o. Foli.n. Zeitschr.f.pk1/sWl. ahem. 25.152 (1898). 
" A. Kossel, Deutsche '!'IUd. Wochenschr. 1894, p. 146; Zeitschr. f. physiol. ahem. 

22.176 (1896). 
5 F. Kutscher, ibid. 28. 115 (1897). 
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,lightly ,oluble globulin" and thereby CallSes the latter to become 
precipitated. Acety I-derivatives of the albumose!!: have been prepared 
by Schrotter.' 

P6ptones.-All substances which cannot be salted out are called 
peptones, and these arc further charactetised by giving the precipita
tion-tests only to a limited extent. Of the various colour-tests, 
they constantly give the biuret-reaction, but only occasionally the 
other colour-tests. 

Peptones are colourless, dry powders, according to Siegfried 2 and 
his pupils.3 They are very soluble in water, also in glacial acetic acid, 
and in all salt solutions; partly tioluble in 96 per cent alcohol; in
soluble in all the other solvents in general use. All give an intense, 
pure red biuret-reaction even when greatly diluted, and also the 
xantho-proteic reaction; while the other colour-tests mayor may not 
be given, according to the nature of the peptone under examination. 
Peptones contain nO sulphur. The heavy metals produce no precipi
tation; amongst the alkaloidal reagents, phosphostungstic and picric 
acid when used in concentrated solutions give a precipitate which dis
a.ppears on heating and reappears on cooling. 

Tannic acid causes in concentrated solutions a precipitate, which is 
soluble in acetic acid. Bin-iodide of mercury, bin-iodide of bismuth, 
and iodine in potassiuID iodide solutions, and, furtherf tricbJoracetic 
acid,4 do not precipitate in watery solutions, but do so in concentrated 
calcium chloride, [) calcium nitrate, fi and ammonium sulphate 6 solutioney, 
according to Kiihne,4 .Pick,5 and Cohnheim and Krieger. 6 Mercuric 
chloride produces a slight turbidity. Ferrocyanic acid and meta
phosphoric acid do not precipitate. nor does nitric acid even if. the 
solution be saturated with salt. Peptones are lrevD-l'otatory; the 
rotation has been measured by Siegfried. All albumoses and pep
tones hitherto examined are dissociated by erepsin, according to 
Cohuheim. 7 

Albumoses and peptones form with acids and with bases salts, 
the hydrolytic dissociation of which i, the same as that of the salt, 
of albumins and the more complex proteid,. The chlorides of 
albumo,es have been frequently examined, as they occur during 

I H. SchrUtter, Monatsh. J. Okm. 14. 6)2 (1893). 
"M. Siegfried, Zeitschr.f.pkylfiul. 01te:m. 88. 164 (I902}. 
, F. MtilI"", ibid. 38. 265 (1903); C. Borkol, ibid. 38. 289 (1908); T. Kriij 

ibid. 3S: 820 (1$91); P. 1rtiihle. Amp/wpqJton, Diaaertaticm. Leipzig, 1901. 
, W. -':~.I. Bid. 29. 320 (1892). 
, Il. ·P. PIol, _r. I. phyaWl: ()heJo. 24. 246 (1B97~ 
• O. Cohn~ and H. K,,_, ibid. 40. 95 (1000). 
, O. Cohn'" ibid. 35. 134 (1902). 
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gastric digestion j the chief investigators are Paal,l Sjoqvist,2 Cohn
beirn,s Bugarszky and Liebermann,4 Cohnheim and Krieger,5 and 
v. Rhorer.6 Erb/ however', is the only observer who has worked with 
a 'pure' albumose,8 namely, hetero~albumo.se. The pure peptone~ pre
pared by Siegfried 9 are distinctly acid; while the kyrins of Sicgfr'ied 11) 

a.re well-marked bases. Albumoses are sti11 pJuri-acid and pJuri-ba.sic; 
hetero-albumose is according to Erb 7 at least 23-acid; Siegfried's \) 
peptones arc monobasic if calculations are based on the simple 
formula, but the result~ of dissociation by means of acids show that 
the formula of these peptones must be multiplied. 

, Albumoses have a smaller molecular weight than have the true 
albumins, but it is still very high. If we make, for example, 
deductions from the numbers obtained by analysis, primary albumoses 
must possess at least a molecular weight of 2600, which weight must 
probably be multiplied by 2, because of the cystin which contains 
two atoms of sulphur. Because of their smaller size albumoses pass 
through parchment, and they thus differ from the albumins, but 
their passage is a very slow one. The different albumoses diffllSe with 
different velocities. 11 

Peptones possess a much lower molecular weight; Siegfried 12 

calculated originally the molecular weight for anti-peptone as 273, but 
flOW 13 he believes this number to be too low; pepsin-peptone dirfuses, 
according to Kuhne,11 only OTIe half as quickly as does grape-suga.r. 

The question as to ,,,,hether different albumins give rise to 
different albumoses and peptones, or whether the same alburnoses 
and peptones, according to their a.rrangementJ form different albumins, 
is still an open one. In all probability the albumoses and peptones 
differ as little from one another as do the amino-a.cids, for, with the 
exception of casein,H and perhaps also of globin,15 which do not contain 

10. Pasl, Ber. d. deutsch. ahem. Oes. 25.1. 1202(1892); ibid. 27. II. 1827 (1894}. 
2 J, Sjoqvist, Sk.aMinfn', .Arch, /. Pk'l/siol. 5. 277 (1894). 
3 O. Cohnheim, Zei~chr. f. Biolog. 33. 489 (1896). 
4 St. Bl1garszky and L. Lieberma.nn, PflitgfJr's Arch.f. d. ges.Pkysiol. 72. 51 (1898). 
~ O. Cohnheim and H. Krieger. ZeuschT. f. BWl. 40. 95 (1900). 
6 L. v, Rhorer, Pflitger's Arch. f. d. ges. Pkysiot. 90. 368 (1902). 
7 W. Erb. Zeitsckr. J. Bid. 41. 309 (1901), 
8 See p. 184, where the results obta.ined by Haslam are discussed. 
, M. Siog""'d, Z""ffir. f. physWl. OMm. 27. 335 (1899), 36. 164 (1902), 3S. 

259 (1903). 
10 M. Siegfried. Sit~ungiber. d. sacM. Ga. d. Wusenschajten zu Leipzig. math.-pkys. 

Kl., 1903, p. 63, 43. 44 and 46 (1904). 
11 W. Kiihne. Zeit8cM. f. Riol. 29. 1 (1892). 
12 M. Siegfried. Zeitschr. f. phgsWl. Chem. 3&. 164 (1902). 
13 C. Borkel, Wid. 38. 294 (1903). 
U F. AleXlUlder, ibid. 25. 4.11 (1898). 15 F. N. Schulz, ibid. 24. 4.49 (1898). 

N 
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the hetero-albumo,e radical, all other albumins on being digested 
yield the same albumoses although in very different amounts. 

For the examination of albumoses it is customary to Use the 
'peptonum siccum J of F. \Vi'tte in Rostock, which consists for the 
greater part of albumoses. It is said to be manufactured by 
digesting fibrin with artificial gastric juice, but nothing definite is 
known about it.l The first publications of Kuhne 2 as wen as those 
of Pick 3 and Haslam deal with 'Yitte's peptone, while Siegfried pre~ 
pared his own peptone directly froIn fibrin. According as to whether 
an albumose is prepared from globulin, vitellin, myosin, gelatine, fibrin, 
etc., it is called a globulose, vitellose, myosinose, gelatose, fibrinose, 
etc.; albuIDoses, according to this nomenclature, would be only the 
dissociation-products of egg- and of serum-albumin, but the term 
albumose is still generally used to include the products of the other 
albumins. 

Chittenden has called the albumoses derived from serUln- and 
egg-albumin by the name of proteoses. 

1. THE ALBUMOSES AND PEPTONES OBTAINED BY PEPTIC 
DIGESTION 

Albumoses 

Albumoses formed by processes other than those of peptic and 
tryptic digestion have but rarely been examined. Tryptic digestion 
rapidly converts albumoses and peptones into simpler compounds, and 
therefore peptic digestion is more suitable for the study of the 
dissociation-products of albumins. Meissner 4 and Briicke 5 were the 
first to investigate gastric digestion; they were followed by Kuhne 6 

and his pupils/ in special by Neumeister.s Kuhne's researches 

1 M. Siegfried. Zeitschr. f. physWl. Chmn. 85. ] 79 (1902). 
2 W, Kuhne and R. H. Chittenden, Zeitlilchr. f. Bioi. 20. 11 (1884). 
S E. P. Pick, Zeitsdvr. J. phyNiol. Ohem. 24. 246 (1897), 28. 219 (1899); 

Hofmeister's Beit:rage, 2. 481 (1902). • 
4 G. Meissner, Zeitsckr. I. rati<m. Medizi1l., 7. 1 (1859), 8. 280 (1860), 10. 1. 

(1861), 12. 46 (1861), 14. 78 (1862), 14. 303 (1862). 
~ E. !Vucke, i'litzungsber. d. Wiener Akad., math.-naturw. HZ. 37. 131 (1859). 
If W. Kuhne, Vern. d.. Heidel6erger m.Uurn.-mW. Vereins (N.F.) 8. 286 (1885); 

W. Kiihne and R. H. Chittenden, Zeitsclu-. f. 'Biol. 19. 159 (18Ba) ; W. KUhne and 
B. H. Chittenden, wid. 20. 11 (1884), 22. 423 (1885); W. Kuhne, ihid. 29. 1 (1892), 
29. 808 (lB.2). ." 

1 S. W~W(4:"I2. 1 (1886); It. H~Chittenden and R. Goodwin, Jowrn. Q/ Physiol. 
12. U (18.1). 

'R. No_t, &i<""". /. Bi,", 23. 881 (1887), 24. 267 (1888), 26. 324 
(1890); ~pky6iol. IJMm. 2nd edition, p. 228 ff. (1897). 
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dominated for a long time the chemistry of albumins, and they 
have la.id the foundation - stone of our knowledge of a.lbumose5, 
for he showed that pepsin brea.ks up albumins step by step. Acid 
albumins are formed in the Erst instance, and then the pr-imary 
albumose, (proto- and hetero·albumose.), which may be salted out 
by saturation with sodium chloride. The hetero-albumose he separated 
from the proto-albumose by dialysis, whereby the hetero...albulDOBe 
becomes insoluble; from the primary albumosea are derived the 
deutero-albuDloses, which are only precipitated by satnrated ammonium
sulphate solutions, and from these again, finallys the peptones or pro
ducts which remain in solution. 

An extraordinary advance on the teaching of Kuhne was made 
by Hofmeister's BehooU Hofmeister did not use different salts for 
the isolation of individual albumoses and peptones, as Kuhne did, 
but introduced the principle of fractional ]1recipitation by means of 
different concentrations of ammonium- and zinc-sulphate and different 
strengths of alcohol j the peptones were precipitated by means of 
iodine-potassium-iodide in saturated ammonium-sulphate solutions. 
Hofmeister also introduced the idea of working out in a systematic 
way, which of the dissociation-products contained, and which were 
devoid of, those radicals which give specific reactions. Hofmei):ter's 
school established the fact that different dissociation-products differ 
from one another, nut only in respect of precipitability, but also in 
respect to other reactions, and therefore that marked differences do 
really exist between the different dissociation-products. The results 
obtained by Pick with "\\Titte's peptone have been put together by 
Hofmeister 2 in the accompanying table, which has been somewhat 
extended by also including the peptone •. 

Pick separates the primary albumoses, namely, the proto- and the 
heter(}-albumose, by means of adding to their solutions an equal bulk 
of a saturated ammonium sulphate solution, and then separates the 
proto-albumose from the hetero-albumose by the addition to their 
solution of an equal amount of alcohol. Folin 8 separates the primary 
from the secondary albumoses by means of copper acetate, and 
Schrotter 4 employs acetylation and benzoylation. 

1 E. P. Pick, ZBit8chr. j. pltysiol. Cltem. 24. 246 (1897); F. Umber, ibid. 25. 258 
(1898); E. ZUIlZ, ibid. 27. 219 (1899); E. Zunz, ilJid. 28. 132 (1899) ; Fr. Alexander) 
ibid. 25. 411 (1898); E. P. Pick, ibid. 28. 219 (1899); E. p., Pick, Hofm.ei8ter's 
B""<g_ 2. 481 (1902); E. Zunz, Wid. 2. 485 (1902). 

2 F. Hofmeister, Asher-Spiro, Ergebnuu dw Physiol. 1. 1. 759 (1902), table, p. 781. 
a Folin, Zfdt8Mr. f. phymol. Ohem" 25. 152 (1898). 
, Soh"'t"', Mo,",ts)\,jt. f. u._. 14. 16. 17. 19. (1898-189~). 
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Amongst albumoses l only the proto- and the hetero-albumoses, 
and perhaps also the gluco- and the thio-albumoses, offer some 
guarantee of purity, while the other albumoses are mixtures, But 
even the former may not be pure substances, because Pick points out 
that albumoses, apart from slight differences in their solubilities, have 
a tendency to unite with one another, forming salt-like compounds 
(sec also the results obtained hy Haslam on p. 184), a view which has 
also been adopted by Haslam.1 Being amino-acids, albumoses possess 
both acid and basic characters; and therefore if several albumoses are 
present they will keep one another mutually in solution, instead of 
separating out, as they would do if only one amino-acid were present_ 

A glance at the table on p_ 180 will show that the albumosee 
which have been isolated, so far, show very marked differences both 
as regards their percentage composition and their disintegration-com
pounds. 'Ve know further the fonowing facts: 

Prot-albumose contains, according to Pick,2 both tyrosin and trypto
phane and some lenein, but no glycocoll, while the hotero-albumose 
contains phenylalanin and glycocoll, much leucin, but no tryptophane 
or tYrosin, Hart 3 finds that dissociation with acids yields the 
follQ'l.~rjng percentage weights :-

Trypsin S and erepsin-4 rapidly produce such a. change in prot
albumose that it no longer gives the biuret-reaction, while hetero
albumose is not acted, upon by trypsin at all, and a slight biuret
reaction is still obtainable, even after foul' weeks' digestion with erepsin. 
The ease with which these albumoses dissociate is determined by their 
chemical constitution; if we adopt the nomenclature discussed on 
p. 174 we would class the hetero-albumose and perhaps also the deutere
albumose C under the heading of the anti-group, while the bemi-group 
would be represented by prot-albumo,e. A special group is formed by 
glueD-albumose and peptone A, which are both rich in c>.rbohydrate. 

As such great differences exist between the different a1bumoses, 
all the older attempts at determining the percentage composition of 

1 H. C. Haslam, JQ'tVI'n. of PhyBiol. 82. 267 (1905). 
2 E. P. Pick, ZeitsmT./. pur/sid. (JkeTfr" 28. 211} (1899) . 

• E. !Un, Wid. 38. 247 (lOOl). . • O. Cobnheim, Wid. 35. 134 (1902). 



182 CHEMISTRY OF THE PROTEIDS 

mixtures of deutero-albumoses or albumoses in general are no longer 
of any value. The numerous analyses of Kuhne and Chittenden, l 

Kossel,2 Herth,S Thierfelder,4 and many others, have always yielded 
figures approaching more or less those of albumins proper; but no 
uniformity was to be expected in the figures of different authors, because 
in such mixtures the individual albumoses varied greatly in amount. 
The investigations of Haslam,[, Goto,6 and Levene 7 have also only 
shown that in mixtures of albumoses the dissociation-products are 
present in about the same concentration as in albumins. 

The sequence in which the individual albumoses and peptones are 
liberated and how they are connected together was first investigd.ted 
by Neumeister S and recently by Zunz.9 According to the latter 
dissociation first results in the liberation of three co-ordinated primary 
products: the prot-albumose, the hetero-albumose, and the gluco
albumose. The peptones and the deutero-albumose C are present even 
after a long time, i.e. presumably at the end of the peptic digestion. 

That the primary albumoses are converted by further peptic diges
tion into deutero-albumoses and peptones, Neumeister and Pick have 
proved, but whether the deutero-albumoses are intermediate products 
and whether they also give rise to peptone, and how many such 
intermediate substances exist, are questions not yet answered. 

Peptone A seems to be derived from gluco-albumose, the deutero
albumose C from hetera-albumose, and peptone B from protalbumose. 
No other connection between alburnoses is knovm. During the very 
first stages of digestion Zunz already observed abiuretic bodies (see p.17), 
which were apparently peptids. It is possible that these substances 
along with one or the other of the peptone. are liberated directly from the 
albumin-molecule, while as yet the larger cohering complexes form the 
primary albumoses. Another possihility is that the albumin as a whole 
passes through the same changes, namely, primary albumoses, deutera
albumose., peptones and peptids, but with different rates of rapidity. 

The following substances have been investigated up till now by 
Pick's method: Crystalline serum- and .egg-albumin and serum-globulin 

1 W. Kuhne and It. R. Chittenden, Zeitschr.j. Biol. 20. 11 (1884), 22. 423 (1885). 
II A. Kossel, PjlfJger's Arch.f, d. ges. Physiol. 18.809 (1876); Zeit8cAr. f. physWl. 

aMm. 8. 58 (1879). 
, R. H,rth, ibid. 1. 277 (1877). 
" H. Thierfelder, ibid. 10. 577 (1886). 
II H. C. Haslam, wid. S2. 54 (1900) . 
• M. GO\o, ibid..",. 94 (1902). 
, P. A. Lotiwo. iI>i4. 87. 81 (1902) . 
• R. Neum ...... , z,ma.r.!. BWl. 24. 287 (1888). 
S E. ZUlllI, Zt:iUcM-.f. pk1l8iol. Ohtm. as. 182 (18'99) j Hofmei8ter>s Beitrri:ge, 2. 485 

(1902). 
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by Umber 1 and Zunz ; 2 casein by Alexa.nder 3 and Zunz j'l Bence.J ones' 
body by Magnus·Levy;' bile-mucin by Brauer 5 and the nucleo-proteids 
of the pancreas, in part at least, by Umber,6 

The power of withstanding the action of pepsin is possessed, 
according to U mber,6 to a. different degree by different albumins: serum· 
albumin is dissociated more readily than is egg-albumin; the most 
difficult substance to digest is serum-globulin, according to Umber 6 and 
E. Fischer and Abderhalden,? but this may be due to an admixture of 
anti-ferment.s Smith 9 and Strohmer 10 state tha.t the digestibility 
of albumins is considerably diminished by hea.ting the dried albumin, 
and Roterski 11 says that the saIne effect is produ('.ed by boiling watery 
solutions. 

Some other properties of albumoses, not recorded in the table on 
p. 180, are the following :-

The protalbumose is very soluble in water, according to Pick,12 and 
even more soluble in dllute alcohol Precipitation commences with 
80 per cent alcohol, and is approximately complete only if alcohol-ether 
is used. They diffuse very quickly, IS and are precipitated only with 
difficulty. Nitric acid, the alkaloidal reagents, especially tannic acid, 
all give precipitates, but these are soluble in an excess of the reagent, 
a phenomenon generally only met with amongst the peptones. 

Tke ketero-albumose is very slightly soluble in water, more so in 
salt-solutions, and very soluble in dilute acids a.nd alkalies. It is 
precipitated from salt solutions by dilution with water. It has a 
tendency to paSfS into the insoluble state, i.e. to coagulate (see p. 191, 
under PIasteins). It contains, according to Hart,14 Piek,15 and Fried
mann,16 many hexone-bases. Its other dissociation-products have 
already been enumerated on p. 74. Erb 17 has examined the chloride 

1 F. Umber, Zdtsekr. /. pkysWl. (JIum,. 25. 258 {18PB). 
2 E. Zunz,. ibid. 27. 219 (18S9). 
3 F. Alexander, ibid. 25. 411 (1898). 
40 A. Ma.gIHl!l-Levy, ibid. 30. 200 (1900). 
~ L. Brauer, ibid. 40. (190B). 
6 F. Umber, Zeitschr.f. /din. Mf!d. 48. fMc. 8 and 4 (190l). 
7 E. Fischer.!ll1d E. Abderhalden, ZeitscAr.J. physid. Clum. 39. 81 (190B). 
~ K. Glii.ssner, Hoj1Mi.6tfJ1"S Beitriige, 4. 79. (1903). 
9 H. Smith, Zcitschr.j. Biol. 19. 469 (1883). 
l~ F. Strohmer, Chern. Ze:ntralbl. 1902, II. 971. 
n T. Kotarski, Zr:itschr.j.pkyBiol. (fhern. 88. 552 (1908). 
" E. P. Pick, ibid. 2S. 219 (la99). 
13 R. Neumeister, LM/rb. d. pkyWJl. Ohem. 2nd edition, Jen&, 1897. p. 231. 
1, E. Hart, ZeiUchr.J. phyriol. Chem. 33. 347 (1901). 
" E. P. Pi,k, ibid. 2S. 219 (1899). 
1< E. Friodmann, ibid. 29. 50 {189P> 
" W. frb, ZeiUdw./. Bini. 41. 809 (1901, 
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of hetero-albumose. The maximal capacity for binding hydrochloric 
acid, which was observed, amounted to 314 mgrms. for 1 grm., therefore 
its equivalent value is only 116. Looked upon as a base, it is at least 
23-acid, but prol>ahly much more so. Its hydrolytic dissociation 
is great. 

How very real the diffic1llty of preparing individual albumoses is, 
becomes evjdent, on reading the recent paper of Ha131am.1 He points 
out the absolute necessity of ascertaining that each fraction is not only 
free from the succeeding, but also from the preceding fractions. 

To show that a proteid-precipitate is freed from the suhstances of 
the filtrate, Haslam proceeus as follows: The precipitate is dissolved 
in water, and the whole made to a given volume; the requisite 
amount of salt or of alcohol to produce precipitation is added; the 
mixture is allowed to stand for twenty-four hours, and is then filtered. 
If no proteid, or other substance which is being got rid of, is found in 
the filtrate, then the precipitate is pure. If not, the amount of 
organic nitrogen in the filtrate is estimated by Kjeldahl's method. 
The precipitate is then redissolved, again made to the same "olume, 
and treated in exactly the same way as at first. The secoml filtrate 
is now again examined for organic nitrogen, If the amount of 
nitrogen in the second filtrate is the same as that in the first, it is 
due to small amounts of the precipitate being soluble in that particular 
medium, and the precipitate is therefore free from all extraneous 
nitrogenous matter. If, however, the amount of nitrogen in the first 
filtrate is greater than that in the second, there is still nitrogenous 
impurity to be got rid oi, and further precipitations are needed. 

If, however, the substance to be purified is in the filtrate, and the 
proteids that are being got rid of are in the precipitate-if, for example, 
serum aJbumin is to be freed from globulin-the following procedure 
is necessary. As it is impossible to completely remove all the globulin 
from a solution containing also albumins and peptones by half satur
ating the s~lution with ammonium sulphate} as some of the globulin is 
kept in solution by the albumin, reOOlU'se must be had to 'fractional 
precipitation,' If to serum an equal volume of saturated ammonium 
sulphate is added, most of the globulin is precipitated, but some 
accompanies the albumin and is present in the clear filtrate j for if to 
the latter some saturated ammonium snlphate be added until a small 
precipitate appears, if this precipitate be filtered off and be re-dissolved 
in wa.ter;' it is ~ible by the addjtion of an equal volume of saturated 
salt-solution 'to obtain a precipitate of globulin, demonstrating the 
presence of globulin in the original filtrate. But even if no second 

~~. C. HaslamJ Journ. 0/ PhysWl. 82. 267 (1905). 
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precipitate of glohulin had been obtained on adding an equal volume 
of a saturated solution, this would not necessa.rily prove that no 
globulin was present in the fraction; for on adding a further quantity 
of the saturated salt .. solution beyond the half-saturation-point, a small 
precipitate appears, which is a sub-fraction. This sub-fraction-precipi
tate when dissolved in water may, on the a.ddition of an equal bulk 
of saturated salt-solution, again show a precipitate consisting of 
globuEn. This method of taking sub-fractions, if pushed far enough, 
is an extremely delicate test, for the morc easily precipitable bodies 
must tend to come down before the more soluble ones. 

The following table shows how, after repeated precipitation, the 
amount of nitrogen in the final filtrates becomes constant. For the 
eXIJeriment \Yitte's peptone was used, from which the greater part of 
the primary albumoses had been separated. The albumose-precipitate 
was by repeated precipitation completely freed from peptones. 

Nitro!l:fln in the original mr:,ture=177·13. 

I I --- 1 _ i C:a\C'ulated I --CIl.~~I:l~U:-? 
, t I Vol, . N iu filtrate .Calcu.ate~ Impurity 11Jefceut;l;ge.lm, 

Fil rat'", I ill C.C, I in mg, N, lIljFt~;~~~.ln! ~~~ii~~~i~, I ~~r~%Ji~~~~~ 
I----I--~! _________ I ----I . ____ 0-

I ' 'I 
1 1 I 14 I 4-55 S·29rug.N.: 5-92 mg. N'I 64 

2 I 11-5 3'15 l'S9 '4'03 I 68 

I 3 '12'5 3'08 1'82 2'21 I 54 
, 4 11'5 2'17 0'91 1-30 'I 59 

5 12 2-0 {I "74 0'56 43 

? i; ~ :~! ~:~~ 0-28 i 50 

8 12 1'84 No, 8 is an obviously faulty observation, 

9- 12 1'26} 
i~ i~ j :~~ N in filtrate constant, 
12 12 1'26 

Amount of albumose found at end of experiment, 153-93 mg, N. 

The results obtained in this table were obtained by using 
ammonium-sulphate as the precipitant,' but sodium-sulphate at 37" 
has the same salting-out capacity as ammonium-sulphate, as shown by 
Pinkus; 1 and Haslam uses this salt in preference, as it renders 
Kjeldahl's determinations easier.2 

The next table shows the results obtained when separating the 
mixed albumoses from a mixture obtained by the peptic digestion of 
commercial casein. 

1 Pinkus,. Journ. qf Physiol, 27, 57 (1901), 
2 Haslam gives in his paper special direotions fol' the estimation of organic nitrogen 

in the presence of ammonium·sulphate. 
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~-=~--\~~:-,~;;;t:;~i~!;~~ge~ ~~he_°I~::U~:~:;'~~~~:d ~I ~~~ ! 
cipi. flltratR wasb- llitrates' wath: Impunty: iO . punty ~~med impurity I 

tatiOl!9. in cc. 'I '."'ater. in mg. I water In. filtrate III I. In.preC1Illtate retained in I 
I III ce, mg. I mg. N. In mg. N. precipitate. 

--:-'--:-~ ... - '2'25 !-.-.. -1~1~1--'8--1 
2nd 45 14 19-77 I 3'57 I 17-03 I lS'01 51 
3rd 38 11 9-25: l'til I 6'94 6'04 47 
4th 40 9 6'93 I ... I ... I ... . .. 
5th 39 15 5'88 I ••• •.• I ... ..' 

6th 40 41 3'29 i 2:8' , I 
24 I 1'05... I 

7th 40 2-45 it 
~i~!~ r~; I J N -value constant. 

Totals 368 114 103'89 
'--,--' 

482 cc. total in filtrates and washings. 
Albumos(l found at end of experiment 178'46 mg. N. 
Total N in filtrates and washings 103'89 mg. N. 

Total N found . • . 282 '35 
Loss of substance in experiment 6'61 mg. N =2'3 per c~nt. 

To more rapidly remove the peptones and other impurities from 
the albumose precipitates, the latter should be rubbed for twenty 
minutes each time with successive portions of saturated ammonium
sulphate solution, at a temperature from 50°-55°, as at this temperature 
the albumose is softer. l In the second table given above the albumoses 
were rubbed fourteen times and precipitated six times before the 
nitrogen in the filtrates became constant. Haslam also points out 
that the greater the dilution of a mixture of albuminous substanees 
the smaller is the 'carrying-down) power of the insoluble fraction; 
and the author has found similarly that the slower the salt-solution is 
added-in other words, the longer the time which is taken in causing 
a precipitate, the less foreign bodies will be enclosed in any given 
fraction.2 The greater the difference in the constitution of two 
albuminous substances the easier is it to separate them; it is theref()re 
'easy I to separate albumins from albumoses, but difficult to separate 
the various albumose. from one another. In every case the Jess 
soluble albumins are kept in solution by the more soluble ones owing 
to chemical interaction. 

So fof ~.has isolated from his primary album""es, which are 

1 It was ~,~entally that albumoses may be heated to 60° with saturated 
N*t80. without mulergoing decomposition. 

S Slow additio:Q, of the wting-out medium may postpone the complete aepat'ation of 
a fraction for da~e A.UTHOR. 
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free from all admixture, three albumoses, namely-hetero-albumose, 
a-proto- and j3-proto-albumosc. He found that pure primary albumoses 
are precipitated by saturating the solutions with sodium-chloride 
(Kuhne), or half-saturating them with ammonium-sulphate (Hofmeister), 
but the second method is more effective. Pick's method of preparing 
hetero-albumose hy three precipitations with aIDmonium~sulphate 

solutions and four precipitations with alcohol did not yield Haslam a 
pure fraction, free from other fractions. On adding an equal volume 
of alcohol to his primary albumose Haslam obtained two fractions :-

1. One insoluble in cold water, and nearly insoluble in wa.ter at 
600

, which he for this reason calls hetero-albumose, after Kuhne. It 
amounts to rather less than fifty per cent of the fraction insoluble in 
equa.l parts of alcohol and water. 

2. Another frac)ion, fairly easily soluble in water, yielding solutions 
of a syrupy consistence, and being nearly completely precipitated from 
its solutions by rather less than an equal volume of alcohol, or by an 
equal volume of saturated ammonium-sulphate solution. This fraction 
is called o..-proto-albumose. 

The fi-proto-albumose is characterised by being soluble in equal 
parts of alcohol and water, at the ordinary temperature, but precipitable 
by the addition of an equal volume of saturated ammonium-sulphate 
solution. Haslam's l3-proto-albumose corresponds principally with 
Pick's proto-albumose. The primary a.lbumoses, as represented by the 
hetero, the a- and the f3-albumose, an contain tryptophane, for they 
give the glyoxylic reaction, but only the J1-proto-alb.umose gives a 
well-marked red colour with Millon's reagent, while the hetero- and 
a-proto-a.lbumose give only a deep yellow colour, showing that the 
tyrosin group is present to a much greater extent in the fl-proto
albumose. 

Peptic-Peptone. 

The peptone. resulting from peptic digestion Kuhne 1 called 
ampho-peptone., because he believed them to be composed of the two 
tryptic-peptones: the anti- and the hemi-peptone. This, however, is 
not the case, and therefore the term must no longer be used. Sieg
fried 2 and his pupils Miihle, Borke~ and Soheermesaer were the first 
to prepare pure peptic-peptones by precipitating them from a satu
rated ammonium sulphate solution with iron-ammonia a.lum. 

1 W. Kubne and R. H. Chittenden, ZeiUchr.J. Riel. 22. 423 (1885). 
2 M. Siegfried, Ber. d. r:leut8ek. r:ltein. GM. 38. III. 8664 (l9GO) j Zdtsw. f. 

pkysiol. 0lu:Jn.. 88. 259 (190S); P. MUlde, Dissertation, Leipzig. 1901; C. Borkel. 
Zrit8chr. f. p!vu3iol. Cht.m. 38. 28"9. (190S) (hel1! 1S given a. detailed description); W. 
Sc\wenn ..... , ibid. 37. 363 (1903). 
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From fibrin two peptoues may be prepared which differ from one 
another in 1 molecule of H~p, and which may be converted into one 
another. From 11 kgrms. wet fibrin Borkel obtained, after repeated 
purification, accompanied by great loss, 203 grms. peptone. The 
analyses gave these figures :-

Pepsin-peptone Q 

Pepsin-peptone f3 
C21H34N(PW 
C22H,%NvOw' 

Peptones are" pronounced acids, which redden litmus paper, and 
which form salts with carbonates after having dri ven out the carbonic 
acid." Siegfried is of the opinion that Kuhne's pertoues were 
ammonium salts. Borkel has analysed r,be .zinc-salts of both peptones, 
and Miihle the silver and barium salts. Adopting the simplest 
formula, peptones are monobasic acid~, but such a simple formula has 
to be multiplied. Peptones are lrevo-rotatory. Borkel found for 
a-pepsin-peptone 

a~ == - 36'36. 

The ammonium salt is more strongly lrevo-rotatory. It reacts towards 
precipitating reagents as do other pep tones. It gives the reactions of 
Millon and of Adamkiewicz-Hopkins, but not that of Molisch. 

On being acted upon with trypsin, pepsin-peptone yields tyrosin, 
arginin, and the two trypsin-peptones (see below), which in their turn 
contain lysin, arginin, glutaminic and aspartic acids, and ammonia. 
As, further, the Adamkiewicz~Hopkins, or, to put it shorter, 'the 
glyoxylic acid,' reaction indicates tryptophane, the pepsin-peptone 
must be a very complicated substance-a fact which makes its 
constancy all the more remarkable. 

From glutin Siegfried and Scheermesser prepared a pepsin-peptone 
having very similar properties: 

C"H"N,0lO' 

If the simple formula be taken, it is a monobasic acid. Seheermesser 
has examined the zinc and the barium salts: 

(lD= -77'5. 

The furfurol- and the glyoxylic-acid reactions give negative results. 
The relation of Pick's peptones to the pure peptones of Siegfried 

is not known, nO~,:whether other peptones exist besides those enumer
"ted above. .Plaundler 1 deseribos an ether-soluble peptone which 
was precipitated by metallic salts and the alkaloidal reagen~, and 

1 M. ~d.!M'. Zeit8Mr.f.phy.tiol. C?um.. 30. 90 (1900). 
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which gave Millon's but not Molisch's reaction, Frankel and 
Langstein 1 have broken up pepsin~pept,one into four fractioJ1S. 

Peptids 

Kuhne had assumed that peptic digestion only proceeded to the 
formation of peptone, but Zunz,2 Pick,s Pfaundler,4 and Reach 5 showed, 
after precipitating the albumoses and peptones, even if digestion had 
been going on for only a short time, that over one-half of the nitrogen 
was in solution in some non-proteid fOfm, i.e. a form which did not 
give the biuret-reaction. It might have been thought that pepsin 
acted similarly to trypsin, but only more slowly, and that it also gave 
rise to amino-acids, and therefore a large number of attempts have 
been made to find amino--acids after very prolonged peptic digestion. 
The older experiments of Lubavin,6 1H>hlenfeld,7 Lawrow,8 and 
Langstein 9 did not settle this question j for they were made with the 
gastric mucous membrane, and we know through Salkowski,lO Jacoby,ll 
and Vernon 12 that all organs contain small amounts of ferments capahle 
of dissociating albumins into amino-acids and even into more simple 
compounds. In purifying pepsin, the albumins and salts are got rid 
of; but traces of the ferments just alluded to are not removed, be:::ause 
they have the same solubility as pepsin. That tryptic ferments are 
present has been shown by Malfatti 13 and Zunz,14 and the' pseudo
pepsin,' the non-existence of which Klug 15 and Pawlow 16 have since 
proved, is probably also a trypsin-like body. That besides pepsin other 
ferments are aho present is proved by the researches of Langstein and 
Lawrow, who find phenylethylamin, putl'escin, and cadaverin. There 

1 a Frankel atld L. Langstein, SitzunfJsber. d. Wiener Akad., rnath.-nat. la. 110. 
Aht. Ilb. February 1901-

2 E. Zunz, Zeitschr. f. physiol. aMmo 28. 132 (1899); llofrneister's Beitrlige, 2. 
435 (1902/. 3. 339 (1.02/. 

3 E. P. Pi<lk, Zeitsehr.f. physiol. Ohem. 2S. 219 (1899). 
4 M. Pfaundlet, ibitl. 30. 90 (1900). 
:; F. Reach, Hofmeister's Beitrage, 4. 139 (1903). 
6 LulJ11.vin, Hoppe·SeyleT's med.·chem,. Untersuc.h. p. 463 (1871). 
7 Mohlenfeld, PflUger's Arch. 5. 381 (1872). 
8 D. La.wrow, Zeit8ahr.f.physWl. ahem.. 26.518 (IS99J, 83. 812 (1901). 
II L. Langatein, H(J/meisttr's Beitrifge, 1. 507 (1902), 2. 229 (l902). 
10 E. Salkowski, Ztitschr. f. klin. Mtdizin, 1891, SuppL 
U M. Jacoby, ZeitscJvr.j. phy8iol. C!hem. 30. H9 (1900). 
12 H. M. Vernon, Journ. of Pkllsiol. 32. 83 (1901). 
13 H. Malfattl., Wid. 3L 43 (1900). 
14 E. Zunz, Hof~isfh-'s BeitrQgt, 2. 435 (1902). 
" F. Klug. Fjlii",,·, Am. 92. 281 (1.02). 
1t! S. Sab.skin and K.. Kowalewlky, Z~r.f. phllsiol. Ohem. 38. 571 (1903). 
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seems to be, however, no ferment present which dissociates albumin 
hydrolytically, or which acts on the carboxyl*group of the amino-acids. 

The only reliable researches are those of Salaskin,l Salaskin and 
Kowalewsky,2 and Salaskin and Dzierzgowsky,8 who worked with 
gastric juice obtained by Pawlow's method. They also obtained 
small amounts of ammonia,s leucinimide,l and amino-acids. Leu
dnimide being readily formed from the peptid leucylleucin, could 
therefore be accounted for. As regards the amino-acids, the objection 
might be raised that they are formed from peptones owing to the 
action of hydrochloric acid. Langstein 4 states that 1 per cent 
sulphuric acid does not act on albumin even if it be allowed to act 
for months; but he did not determine its action on peptone:s, which, 
according to Siegfried,s are very readily acted upon by acids. 

It is therefore questionable whether pep!3in gives rise to amino
acids: in any case only unapprechble amounts of these acids are 
formed even after digesting for one to two months, for Salaskin 
found that pepsin gave rise to only one~tenth the amount of 
amino-acids which could be obtained by the action of mineral acids. 
The large quantity of dissociation-products containing neither azp.ino
acids nor peptones, judging by the biuret-reaction, Pfaundler has shown 
to be composed of substances intermediate between amino-acids and 
peptones. He isolated an alcohol-soluble product which is precipitable 
by mercuric sulphate but not by the alkaloidal reagents, and which 
dissociates into leucin and a di-amino-acid, probably histidin, on being 
treated with boiling hydrochloric acid. This substance is therefore a 
(..'Ompound of several amino-acids, and occupies the same position as do 
the synthetic peptids of E. Fischer (Chapter IIL). and as does glycyl
alanin, which E. Fischer and Bergell G preplU'ed from the fibroin of silk 
by a combined action of acids, trypsin, and alkali. Pfaundler says 
justly, that the study of these products will give us the most important 
information r.egarding the chemistry of albumins. Another similar 
body is leucinimide, which Salaskin and Salaskin and Kowalewsky 
found in peptic digests, and which consists of two molecules of leucin. 
E. Fjscher 7 and Abderhalden S believe it to be derived from Jelley}. 
leucin, i.e. a peptid. 

1 S. Salaskin, ZritscJl!r. f. Jlhysiol. Ohem. 32. 592 (1901). 
2 S. Salaskin &lld K. Kowa,lewsky, ibid. 38.567 (1903). 
3 s. Dzierzgowsky and S. Salaskin, Zentralbl.f. Physiol. 15. 249 (1901). 
4 L. I.angstei1l, ,~. f. physiol. (!hem, .89. 208 (1903). 
G M. Siegfried;-.' .... *1sber. d. sacks. Oes. d. Wissensch. zu Leipzig, 1903, p. 68. 
S E. 'Fischer, ChemilMrztg. 1902, II. p. 989. 
7 E. Fischer "and ~Fourneau, &T. d. fkutBCh. cht:m. Ges. 34. II. 2868 (IS01). 
, E. Abd"'hald..l,~..,. . .f. phy_ 0_. 87.48' (1908). 
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Plasteines. Anti -albumids. Dysalbulllose 

Kuhne 1 was the first to observe the formation of the so-called 
anti-albumids. If that portion of a proteid which is not acted. upon 
by a prolonged digestion with pepsin-hydrochloric acid is subsequently 
subjected to tryptic digestion, a delicate jelly separates out, the' anti
albumid coagulum,' which is also very slightly changed by trypsin. 
This resisting anti-albumid is remarkable for containing a much higher 
percentage of carbon than does ordinary albumin: Kuhne and Chitten
den found from 57 to 58 per cent carbon; it yields very little tyrosin 
and much anti-peptone. 

Subsequently Okunew,2 Lawrow,s Sawjalow,4 and Kurajeffb found, 
in Danilewsky's laboratory, a simila.r fraction on adding lycopodium 
powder to a mixture of the products resulting frOID peptic digestion. 
They called the body which separated out' plastein/ and were of the 
opinion that it had been regenerated out of the alburnoses. Sawjalow 
pointed out the resemblance between plastein and anti-albumid; for 
they are closely related, judging by their chemical composition. 
Gelatine and keratine yield, however, no plastein or coagulose on 
being digested (Okunew, Kurajeff). 

Pure gastric juice obtained by Pawlow's method, according to 
Lawrow and Sa1a.skin,6 acts like rennet i papayotiu does the same, 
according to KurajefV' UmberS noticed a similar fraction if ammonium 
sulphate was present during peptic digestion. All these phenomena 
are based evidently on the common fa.ctor that every proteolytic 
enzyme possesses a rennet-like action. 

Kurajeff' recently prepared plastein by digesting crysmllised egg
albumin for three days with pepsin + hydrochloric acid, and then 
precipitating the plastein with a solution of rennet. To purify it he 
dissolved the plastein in one-tenth normal NaOH solution, and pre
cipimted it with HOl. The plastein obmined after three days' digestion 
he caned plastein A, while the plastein prepared similarly, but after 
eighteen thys' digestion, is called plastein B. In both cases the 
amount of plaatein WItS 7'3 per cent of the dry residue of the products 

1 W. Kuhne and R. H. Chittenden, Zeitschr. f. Biol. 19. 159 (l8SS). 
2 Okunew, Dissertation, St. Petersb1J.rg, Maly's Jahreaber. J. Tierehemie, 1895, 

p.291. 
S Lawrow, DwertatiOll, St. Peter.sbutg, 1897, MCording to SawjaJow. 
4 w. W. Sawjalow, Pfl'ilgtr"s Arch. f. d. ges. PhysWl.85. 171 (1901). 
" D. Kurnjeif. Hofrn.eister'lI Bt:itrilge. 1. 112 (1901). 
(I M. Lawrow tlnd S. &1&skin, Zeit&ck'l'./.pkUaiol. Glum. 38.277 {1902}. 
7 D. Knrajetr, HoftnritJt~'8 Ikitrltge, 1. 121 (1901). 
, F. Umbor, &itaw.J. phyM.ol. 0hem.1I6. 258 (1898). 
9- D. Kurajefr. HqfrMisw's Beitrttge, 4. 476 (190"4). 
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of digestion. Both plasteins give the biuret and lead sulphide 
reaction, as also the tests of Molisch and Adamkiewicz. The per
centage compositions of A and B plasteins is : 

A plastein 
B plastein 

c 
.58'8 
58-9 

s 
1'24 
not determined. 

On adding papayotin to an albumose solution, which was prepared by 
digesting egg-albumin for three days, a small amount of 'coagulase 
was obtained, which was partly soluble in dilute soda-solution. 

The precipitate in question, according to Lawrow and Salaskin, is 
DOt a restituted or reformed albumin, but an albumose which can be 
djssociated by el'epsin. Umber found its amount to run parallel to the 
amount of hetero-albumose contained in any given albumin, and con
sidered it to be a precursor of hetero-albumose, Sawjalow likewise 
obtained plastein in larger quantities only from the hetero-a.lbulllose; 
while from the other alhumoses, which were by no means pure, only 
traces could be got. The precipitate is therefore either hetero-albumose 
or that portion of the acid-albumin which belongs to the anti-group, 
and which during metabolism is converted into hetero-albumose, 

The coagulation of albumose by means of extracts of various 
organs, which had undergone auto-digestion for sixteen hours, has 
been studied by Niirnberg.1 The extracts acted in the following 
descending order: Extracts from the liver, stomach, lungs, pancreas, 
small intestine, large intestine, kidney, brain, eggs, and muscle. Milk 
is most acted upon by pancreas extracts, less by fresh gastric extract, 
and hardly at all by other extracts. 

While all the observers mentioned so far have found what they 
term plastein to be an albumose-like substance, Bayer 2 has isola.ted a 
plasteinogenous compound which is a peptoid (peptid), i.e. one of those 
dissociation products of albumin which are formed in large amounts 
during the early stages of peptic digestion (Zunz), and which give no 
biuret-reaction. 

To obtain this peptoidal plastein Bayer proceeded as follows: 
(1) & 10 per cent watery solution of Witte's peptone was precipitated 
with an eqU31 bulk of 95 per cent alcohol; (2) the alcoholic filtrate 
mixed with twice its volume of acetone j (3) the alcohol-acetone 
filtrate precipitated with 80 per cent alcohol. The final filtrate con
tains the plasteia{ 'which gives neither the biuret, nor the xantho
proteic, lead-w1phide, Millon's and Molisch's reactions. 

1 A- Ntirnberg, Hqf ..... W·8llcitrli1l~ 4. 543 (1904), 
1('.tI; 9 H. Barer, ibid. 4. 554 {1904). 
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PJastein in the alcohol,acetone solution differs greatly from other 
a.lbumins, for on analysis it yielded these percentages-

C 38·43 H 7·01 N 8·05 

Bayer obtained no plastein on adding rennet-ferment (' pegnin' of the 
Rochst Manufactory) to proto-, hetero-, thio-, and gluco-alLumos6s, pre
pared from Witte's peptone according to Pick's method. (See p. 179.) 

Kuhne 1 has observed that betero-albumose has a great tendency to 
become insoluble on being kept) or by being heated up to 55"'. This 
insoluble form of hotero-albumose Kuhne termed' dys-albumose.' In 
all probability plastein and anti-albumid are one and the same body, 
and closely related to dys-albumose. ,\\-T e do not yet know whether 
the formation of this insoluble body dt:>pends on rennin, on salts, or 
on dome other factor. The amount of the precipitate depends on the 
strength of the ferment, as active pepsin, e.g. pure gastric juice, 
dissolves the precipitate: it was obtained in la.rgest amount if by 
a.dding ammonium sulphate the action of pepsin was interfered with. 
Rotarski's 2. statement that the anti~albumid coagulum can only be 
obtained from albumin whicb has been altered by heat is incorrect, as 
Umber obtained it also from raw egg-white. On being still further 
digested, anti~albumid yields the products of the anti-group j it is, how
ever, unsuitable for preparing anti-peptone, for it yields only small 
quantities, according to Siegfried and Muller.s 

Il. THE PEPTONES FORMED BY TRYPTIC DIGESTION 

Claude Bernard a.nd Corvisart were the first to discover that 
pancreatic juice dissolves and dissociates proteids. Kuhne 4 showed 
subsequently that this dissociation is a very pronounced one, as it leads 
to the formation of the same crystalline products as are obtained 
by acting on albumins with· boiling mineral acids. He also showed 
that the pancreatic a.ction depends on the presence of the ferment 
trypsin, which acts in alkaline, neutral, or acid, but best in feebly 
a.lkaline solutions!' Kuhne discovered leucin, tyrosin, and 'trypto~ 
phane 1 j Salkowski and Radziejewski, Ii Knieriem,'l Hirschler,s Stadel-

1 W. Kuhne and R. H. Chittenden, &itachr.f. Bioi. 20. 11 (1884). 
II T. Rotarski, Ztit8Chr.f. physiol. Chern. 88. 552 (1903). 
J F. Miiller, ibid. 38. 265 (1903). 
" W. Kuhne, Viralww'g Arch. 39. 130 (1867); Verk. d. HeiddlMruer uat.-med. 

Vereim. N.F. L 236, III. 468 (1886). 
1\ W. Kiihne, Vern. d. H~gf!/1' natu'1'h.-mtfl. VtrUfUI, N.F. L 190 (1876); A. 

Dietze, Medizinisehe Di.u.ertation, Leipzig, 1900. 
6 E. SalkoY{1liri Md S. Radziejemkil .&r. d. deuUch. eke"". Ga. 7. II. 1060 (1874). 
7 Knieriem, Zei.tat;hr;f. Bid. 11. 199 (1815). 
8 A; Hirschlel\ Zeitsdvr.f. phyBiQl. ()ulfn.10. 302 (18S6). 

o 
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mann,l Hedin,2 Kutscher,3 Kiilz,4 and E. Fischer and Abderhalden 5 
added to these three products nearly all the other dissociation-products. 
How our knowledge about t,ryptic action was further developed has 
already been alluded to On p. 144. It is definitely known that trypsin 
can only dis,;ociate one portion of the albumin-molecule, and that a 
proteid~residlle remains even after tryp..<;in has acted for months. This 
compound, n.ccording to E. Fischer and Abderhalden, is a polypeptid ; 
it is preeipitated by phosphotungstic acid, and, on being dissociated 
with acids, yieJds glycocoll, a-pyrrolidin-carboxylic acid, phenrhbnin, 
alltuin, leucin, a.nd aspartic and glutaminic acids. The three com
pounds mentioned first are only found in the polypeptid, while the 
other substances arc also found in the digested portion of the tryptic 
digest. The di-amino acids have not yet been determined. 

In addition to the polypeptid just mentioned, peptone is also found. 
The latter giw~s the hjuret-reaction, and has beel) called' anti-peptone' 
by Kuhne. According to Kutscher,3 Siegfried,6 Mays,j L5,vi,8 and 
I..Iawrow,9 its resistance is only relative, as it is dissociated I;ti11 further 
by intense tryptic digestion j but the difference, comp:lred with the 
readily digested albumin, is yery great. \Yhile, according to E. Fischer 
and Abderhalden,5 t,rrosin is split ofr,vith such mpiditras to suggest that 
this amino-acid simply crystallises out, it t.1kes weeks and cren months 
for the hiuret-reaction of the anti-peptone to disappear. Erepsin 
disintegrates a,nti-peptone also, only very slm'dy 10 (Cohnheim). 

The anti-peptones, for there are several, Siegfried 11 and his 
pupils 12 have prepared in a pure state by a.dding iron-ammonia-alum to 
saturated ammonium sulphate solutions. From fibrin they ohtained 

a Anti-peptolle C,oH17",O, (C 46'2; H 6'H; N 16'26 per cent)_ 
f3 Anti-peptone CllH19N,O, (C 48'23; H 7'12; N 15'41 ). 

I E. Stadelmann, Zeitschr.f. Bioi. 24.261 (1888). 
2 S. G. Hedin, Arch.f. (Anat. mul) Physiol. 1891, p. 73. 
3 F. KutsL'her, Zeitschr. f. physiol. Cheln. 25. 195 (1898), 26. 110 (1898), 28. 

88 (1899); IJ.'ndprodukU del' Trupsinverdauung, Marburg, 1899 (here a full account of 
the literature). .. E. Killz, Zriuehr.f. Biol. 27. 415 (1890). 

~ E. :Fischer and E. Abderhalden, Zdtschr.j.physiol. Ohem. 39. 81 (1908). 
6 M. Sirgfried, Brr. d. deutsch. chem. Ges.33. Ill. 3564 (1900). 
7 K. Mays, Zfi,t.'1th.r.f. pkyitinl. Ohr.m,_ 38. 428 (1903). 
8 O. LOwi, &h1niedeberg's Arch. 48. 303 (1902). 
II D. Lawrow, Zeitschr. f. physwl. Chern. 26. 513 (1899). 
10 O. Cohnheim, ibid. 35. 134 (1902). 
11 M. S~egfried, Z!itschr. f. phySl·ol. Chtm. 27. 885 (1899); Ber. d. deutsch. enCln. 

r}cs. 88. III. 2&51 (1900), 33. III. 3564 (1900); Zeitsckr. f.physiol. Ghem. 35.164 

(1902, 38. 259 (1903). 
l' Fr. Muller, ibid. 38. 265 (1903) (in this pa.per the methods a.re fully discussed) ; 

T. R. KrUger, iOUl.r.M8. 820 (1908). 
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These peptones resemble the pepsin-peptones in being pronounced 
acids; they are monobasic if we adopt the simple formula, but the latter 
must be multiplied because of the dissociation-compounds which are 
formed. 

The zinc and barium salts of these anti-peptones have been analysed. 
Their behaviour towards precipitants is the usual one described above; 
l~mongst colour-tests) positive results are only obtained "'--lth the biuret 
and the xanthoproteic reactions. Anti-peptanes are lrevo-rotatory : 

Anti-peptone a . ail == - 24·5. 

Anti-peptone f3 . ai; =- - 32'4, 

The salts are more strongly loovo-rotatory. 
Anti-peptone a on being dissociated with acids giyes rise to lysin, 

arginin, 4 per cent ammonia, 12 per cent glutaminic acid, aspartic and 
other amino-acids. Anti~peptone (3 yields lysin, arginin, 3 per cent 
ammonia, and glutaminic acid. The bases account for only one·quarter 
the amount of nitrogen, and therefore mOllo-amino-acids must be 
abundantly present, 

Gelatine, on tryptic digestion, gi,-es rise to an anti.peptone: 

C
lO

H
30

K60, (C 46'74; H 6'2; ]\; ]7'36 per cent) 

0.1) '= - 100·S. 

In other respects it resembles the anti-peptones a and f3 j on being 
boiled with acids it yield~ lysin, arginin, glumminic acid, and glycocoll, 
On being carefully di"sociated with acids, a base is ohtained which il$ 
perhaps iuentical with kyrin, see p. 200. 

Kruger describes yet anot.her pept.one with aD = - 64'3. 
The fibrin-a.nti-peptones are not only formed directly from albumin, 

but may also be obtained, along with tryptophane, tyrosin, and arginin, 
by the tryptic digestion of pepsin-peptones. 

From sturin Kossel and 1Iatthews 1 prepared a trypsin-peptone, 
having the composition C1sH~N705' the silver salt of which crystallised 
well, and was therefore a protone (see p. 423). 

From silk-fibroin E. Fischel' and Berge1l 2 obtained, by tryptic 
digestion, after a preliminary partial dissociation with acids, a lrevo
rotatory peptone having the composition C4{l'6HWtiNlS'4J which on being 
dissociated with a.cids yielded 40'1 per cent glycocoll, 28'5 per cent 
alanin, and no tyrosin, Trea.tment with alkali gave rise to the di
peptid glycyl-alanin. 

The pancreas-pepwnes used to be called tryptones by Fa.no.3 

] A. KossellLIld A. Matthews, Zeitschr. f. pkysid, (item, 26. 190 (1898). 
2 E. Fischer, (Jh,e,nikrr.tg. 1902, II. p. Q39. 

3 FallO, Arch.f_ (Anal. 1(.) Phyaiol. 1881, p. 27/. 
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As intermediary products of tryptic digestion, albumoses,l and in 
particular deutero~albnmoses, are also formed,2 According to Umber,3 
in many cases these deutero-albumoses have been mistaken for nucleic 
acids. 

By suhjecting egg-albumin and casein to the combined action of 
pancreatic and splenic extracts, or to the combined pulp of the organs, 
Levene and Sioky 4 found digestion to proceed much quicker than 
oorresponded to the sum of the action of the two organs. They 
believe the spleen to facilitate the conversion of trypsinogen into 
trypsin, ail the spleen does not augment the digestilJg power of the 
pancreas after the trypsinogen has become converted into trypsin. 

III this connection may be mentioned the intere:;;ting results which 
Verllon [) has ohtained by studying the protecti"e value of proteids 
and their decomposition-products on trypsin :-" Most proteids have 
practically the same protective vulue, ahout 45 per cent of the trypsin 
of an extract heing destroyed per hour ill presence of 0'4- per cent of 
proteid; 27 per cent in presence of 1 per cent; 12 pel' cent in 
presence of 2 per cent; i per cent in presence of 4 per cent of 
proteid. \Vhen no proteid was present 56 per cent of the ferment 
was destroyed. Hydrated proteids have a slightly greater protectivf" 
value than native proteicis, and the decomposition-products of proteid 
hydrolysis a slightly greater one stilL . . . If the acid-radicals in the 
various substances be previously neutralised hy the addition of an alkali 
they entirely lose their protective power over the ferment." As the 
uifference in the protective value betweeu the native proteids and their 
hydrolysed derivatives is Imt slight, 'it would seem as if most of the 
COOH-gl'Oupings which are present in the products of proteid-decom
position are likewise present as sllch when forming part of the com
plex proteid-molecule, and in either condition are capable of combiuing 
with any molecules of alkali brought in their neighbourhood. This 
conclusion is at variance with that of Hofmeister,6 who considers that 
the amido-acid nuclei in the proteid-molecule are linked together by 
an NH2-grouping of one nucleus uniting with a COOH-b'l'ouping of 
another to form a 

>CH-NH-CO-grouping. 

1 R. NeuUlcister, Zeitsrhr. j. Riol. 23. 381 (1887), 24. 267 {188i); U. Biill. 
Virc}",.,', ,M .... 152. 130 (1898). 

t R. Neumeister, Zeitllchr. f Biol. 28. 381 (18S7), 24. 267 (1887). 
, F. U~. ~r . .t: /din. MMiiz. 43. Nos. 8 and 4 (1901) • 

• P. A. LO ...... and L. B. Slok, • ..-1 ...... Jowrn. oj PhVRW1. Ilt I, (I904). 
II H. M. Vernon" JQU'I"n. qf PIt,!prioi. 81. 846 (1904,\. 
II Hormeis~~i.ue d. Phy8iol. 1. 787 (1902). 
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If such were the case, then more than half of the COOH-groupings 
would be required for this purpose, and so lose their power of com
bining with alkali. Accordingly, the neutralisillg power of proteids 
should be less than half as great as that of their hydrolytic decom
position-products." Vernon's results may be explained On the legit.i
mate a.ssumption that the products of digestion form salt-like combhla
tions. See Chapter VI. (The .uthor.) 

III. PHODUCTS FOHMED BY OTHER PHOTEOLYTIC ENZnIES 

A ferment OCCl1rs in the kidney which, according to Dakin 1 gives the 
end-products: ammonia, alanin, u-amino-iso-yalerianic acid, leuein, prolin, 
phenylalanin, tyrosin, lysin, histidin, cystin, hypoxanthine, indol-deriva
tives, and an imwluble residue of para-nuclein. Arginin and asparetic 
add ,vere only feebly repre;:;ented. Otherwise the ferment resembles 
trypsin in its action. It acts in an acid medium, and is a typical 
example of an autolytic ferment. Arginase is discussed on p. Ill. 

ErepsiI1:1 is found ill the animal organism, in addition to pepsin 
:-md trypsin. It dissociates ulbumoses and peptones into amino-acids, 
but it has no action on natural albumins except on casein. It dest.roys 
the Liuret-reaction of aIJti-pcptone1 but whether it also dissociatef:. the 
polypeptid not attacked by trypsin has not .vet been determined. 

V ernon ha~ shown that erepsin is widely distributod throughout 
the whole animal kingdom. It occurs in every organ so far investi
gated; the tissues of mammals are, as a. fule, richer in ferment than 
are those of the pigeon, and warm-blooded animals contain distinctly 
more erepsin than do coId~blooded_ ones. Of individual tissues the 
kidney was even richer in ferment tha.n the intestinal mucous membrane. 
Next in order to these two tissues came the pancreas, spleen, and liver; 
then with a considerable drop came heart muscle, whilst skeletal 
muscle and brain tissue were poorest of all in ferment. F..,repsin of 
mammalian tissue diges.ts peptone about three times less rapidly in 
neutral than in alkaline solutions. while in acid solutions the digestion 
rate was thirty to seventy times slower than in alkc'lJine solutions. 
The various tissue erepsins seem further to be to some extent specific.3 

Autolytic ferments have been demonstra.ted by Salkowski,' 

1 H. D. Dakin, Journ. of Physiol. 30. 84 (1903), 
2 O. Cohnbeim, Zeitsc1vr. J. physioL. Chem. 33. 451 (1901), 85. 134 (,1902). 36. 

13 (1902); S. S. Salaskin, ibid. 86. 419 (1902); F. Kutscher and J. SeemllJlo, iUd. 
35. 432 (1902) ; J. H. Hamburger And J. HekIlUl, Koninkl. Altad. van Wdenac)uwm 
te .A.m.stemam, 1902, p. 788; H. M. Vernon, Jottrn. oj Phymol. 32. 38 (UtO,,). 

, H. M. Y,rnon, ibm. 32. 33 (1904). 
f, E. Salkowski, &i'Dlckr, f. /din. Hed. 17. Stlppl. p. 77 (1891); H. Schwiening 

Meuizin. Disserl.a.t.ion "RfoTlin 1 ,qn~ 
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Jacoby,l Kutscher and IJohmann Z (pancreas), Levene 3 (testis, spleen), 
Hildebrandt .. (mammary gland), Lane, Claypon, and Schryver f> (gastric 
and intestinal mucous memhrane), "\Yaldvogel G (autolysis in relation 
to fatty degeneration), Schulze and Castoro 7 (germinating plants), 
and many others in all the organs of the bodr. They dissociate the 
tjs8ue~albumins into albumoses and amino-acids. It has not yet 
been settled whether the autolysis is induced by special ferments 
or only by traces of pepsin, {;rypsill, and erepsin. According to Hedin 
and Rowland 8 these autolytic ferments act best in acid media. 

Ferments which dissociate albumins into amino-acids are very 
widely distrihuted in nature, and occur probably in all animals; as 
intermediate products pepton('s are usually formed. Mack 9 bas pre
pared such peptones, under the direction of Siegfried, from the seeds 
of Lttpinw; lutws. These peptones resemble in their properties and 
dissociation-products the trypsin-peptones. The ferments under 
discussion must not be identified, without proper reasons, with trypsin, 
as many of them act only in acid or in acid and aikalille solutions.lO 
MallY bacteria contain these ferments,11 as does also yeast. 

The ferments in germinating plants have already been mentioned. 
In some portions of plants, Vines 12 and Czapek 13 have found erepsin
like ferments. A ferment which in acid media dissociates albumins 
up to the stage of amino-acids is the' bromeJin ' 14 of pine-apples. The 
ferment 'pn.payotin' found in the juice of Ca1?£a papaya has been 
carefully examined by Nellmeister,l."> Melldel,16 Ingraham,17 Kurajeff,18 

I M. Jacoby, Zeilschr. f. physiol. (]hem. 30. 149 (1900); 33. 126 (1901); Ho/-
m~ister's Beitr6ge, 3. 446 (1903). 

2 Kutscher awl Lollluunn, Zeitschr. /. physiol. Chell~. 41. 332 (1904). 
3 P. A. Le~-ene, Amer. Journ. of Pllysiot. 11.437 (1904). 
4 P. Hildebrandt, llofmeister's RreiMige, 5. 463 (1904). 
~ J. E. Lane, Claypoll, and S. B. Schryver, J01trn. 0/ Physiol. 31. 169 (1904). 
6 Waldvogel, Firclu:m/s Arch. 177. 1 (1904). 
'1 E. RehuIze and N. Castoro, Zeit8r;hr./. phYl>'iol. Chem.43. 170 (1904). 
8 S. G. Hediu and S. Rowland, ibid. 32. 341 (1901), 32. 531 (1901). 
{I W. R. Mack, Dissertation, Leipzig, 1903. 
10 W. Biedermann,' Tenebrio molitor,' Pfliiflh-'sArch.f.d.flNi. PhYGiol. 72. ]05 (1898). 
11 M. Hahn and S. Geret, Zeitschr. f. Rial. 40. 117 (1900); Zeitsckr. f. physwl. 

Chem. 33. 385 (HWl) ; F. KutR<:her, ibid. 32. 59 (1900), 32. 419 (1901), 34. 517, 
520 (1902) j E. Salkowski, ibid. 13. 506 (1889). 

12 S. H. "~ines, Annals 0/ Botany, 17.237 (1903),17.597 (1903),18.289 (1904). 
III F. Czapek, Ohem. ZMltralbl. 1903, p. 178. 
If R. H. Chittenden, Jour-n. of Physiol. 15. 249 (1883). 
l~ R. NenmeUitM .. &it8chT. f. Biol. 26. 57 (1890). 

1(1 L. B. MemieLacd F. P. Underhill, 1'rana. of the Oonnecticut Academy of Art' and 
Sciences. XI. October 1901 ; L. B. Mendel, Amer. JQUt-n, of Med. &.124. 310 (1902). 

17 L. B. MendeL See footnote, ibid. p. 318. 
18 D. Kurajew...fmei.9kr's lkitriige, 1. 121 (1901). 
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Vines, 1 Emmerling,2 and Siegfried.8 The authors agree that papa
yotin is active whatever the reaction may be j Mendel found it to be 
most active in alkaline, and Vines in acid media. According to Mendo} 
it forms the same albumoses as does pepsjn ac~ording to Pick, while 
Siegfried says the peptones are acid peptones, somewhat resembling 
those ohtained by peptic and by tryptic digestion. Whether it forms 
crystalline dissociation-products has not yet been settled. Mendel 
failed to find them, Vines found tryptophane, and Emmerling amino
acids, but in very minute quantities. The main hulk of the dissocia
tion -products consists of albumoses IUJd peptones. According to 
Kuraje.tf and Ingraham it produces in solutions of albumoses a pre
cipitate, as do other proteolytic ferments. 

Bromelin, precipitated from pine-apple juice with sodium-chloride 
requires 0.025 per cent Hel and O.2fi to 1 per cent acetic acid to 
develop its maximal digestive power (Hoyer).'" 

Antweibr'l; peptone 5 consists of meat digested with papayotin. 

IV. ALBU1l0SES AND PEPTONES PRODUCED BY ACTION OF 

ACIDS 

\Vhen albumins arc boiled with strong acids there are formed 
amino-acids, but if one allow dilute T\- or i-normal hydrochl0l1C or 
sulphuric acids to act at room- or at incubation-temperature on albumins, 
according to Goldschmidt,6 exactly the same albumose- and peptone
fractions are obtained as after peptic digestion. Goldschmidt examined 
egg-albumin and crystallised serum-albumin; Pick and Spiro,7 edestin 
and casein. Acid-albumin is formed first, but it soon breaks up into 
primary albumoses, deutero-albumoses, and peptones. Serum-albumin, 
which is readily digested by pepsin, was found to be attacked with 
great difficulty; the same holds good for edestin. After 0-8 per cent 
hydrochloric acid had acted for eight days, 90 per cent of acid
albumin was still present. 

Langstein and N euberg on the other hand find that weak acids 
have no effect on albumin, for Langstein 8 remarks: "1 per cent 
H2S04 at 37° win not dissolve, even after months, crystallised egg-

1 S. H. Vines, Annals of Botany, 17. 51J1 (1903). 
2 Emmerling, Bcr. d. deutsch. clwm. Gcs. 35. 1. 695 {l902}. 
S M. Siegfried (and Tittmann), Zeitsekr./ur pkysiol. Ohem. 38.259 (1903}. 
4. Hoyer, Bt:r. d. deutsch. dum. Gea. 87. ]436 (1904). 
5 J. Munk, TherapeutisclU: JlfonatSMjte. 1888, p. 176; R. Nenmeillter, Zeitschr. f. 

Biol. 26, 57 (1890). 
t F. Goldschmidt, Medizinische Dissertation, StrMsburg, 1898. 
7 E. P. Pick and K: Spi1'O, Ztitschr.J. ph!fsiol. Ohern. 31. 251 (1900). 
g L. Langstein, ibid. 31. 208 (1900). 
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albumin, which has been dried at 1000n
; and Neuberg found that 

1 per cent H 2S04, after having acted for a twelvemonth on gelatine, 
had given rise to no mono-amino-acids. Lawrow,l however, has found 
3'7 to fi per cent gelatine to he markedly affected by 0'5 per cent 
HOI if kept at 37-38°, theFe being always an excess of chloroform. 
After 60 days the rotary power of gelatine bad been diminished to 
the extent of 23 per cent, and nitrogenous radjea]s had been spJit off 
which could not be precipitated by phospho-tungstic acid, and which, 
therefore, were probably mono-amino-acids. Twice crystallised hremo
globin treated similarly with 0-5 pel' cent Hel gave, after 161 days, 
over 30 per cent mono-amino nitrogen, Ktihne's amphopeptone' and 
nitrogpnons products, probably mono-amino-acids, which could not be 
precipitated by phospho-tungstic acid. 

In considering the primary and secondary effects produced by the 
action of acids on albumins the same unsolved question arises as when 
studying the action of ferments, namely: Do alhumoses and peptones 
represent smaller complexes, split off from the unchanged acid-albumin, 
or .does the albumill-molecule, .tS a wholc, change into acid-albumin, and 
tben into albumoses, but ' .... ith different rapiuities 7 The results of 
Goto l! seem to show that the aJbumin, as a whole, is first divided into 
large complexes of the same size, and that therefore the second of the 
two conjectures is the right one. 

Kyrins 

By acting with 12'5 per cent hydrochloric acid on gelatine at 38", 
Siegfried:l prepared" gluto-ltyrin," the first known crystalline peptone. 
It is a base having the composition-

C2I H"N,Og' 

The only difficulty with this formula is that Siegfried 4. obtained in 
recent experiments much less glutaminic acid than corresponds to one 
molecule of glutaminic acid to one molecule of kyrin. This discrepancy 
he explains as due to dissociation t:a:king place in different ways, 
or due to the formation of secondary products such as pyrrolidin
carboxylic acid, or due to the formation of compounds or intermedia.te 
products containing the glutaminic acid radica.l. O. Pilz is engaged in 
Siegfried's la.boratory in elucidating this, question. 

Of its salts, the chloride, the sulphate, which is almost insoluble in 

alcohol, the phosp)tOtungstate, which crystallises, and the ,8-naphthalin 
:l D. Lawro", ... ~. f. phy8iol. Chew. 44. 44-7 1"1905). 

2 M, G<l1xJ, iJid. 87. 94 (1903). 
3 M. Siegfried, Ber •. d, lJichs. Ges. d. Wi.s.sen8ch. 1m Ldpzig, maJiI..-Ph:IIS. Hl., 1908, 

p. 63. ..-..1. M. Siegfried, ZeitJJck-r. f. pky4i(d. Ohem. 43. 44 (1904). 
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sulpha-compound have been examined. Kyrin is aho obtained from 
glutin anti-peptone, and its importance 'as the basic 'nucleus of the 
proteid' has been discussed already in connection with the anti-group, on 
p. 195 ; there it was also pointed out that Kossel's doctrine as to the 
existence of a basic nucleus is supported by the discovery of kyrin. 
The latter gives the biuret-reaction; on being dissociated with acids 
it yields lysin, arginin, glycocoll, and glutaminic acid. As two-thirds 
of the nitrogen is basic, and of this again two-thirds is contained 
in arginin, the composition seems to be as foHows ;-

1 molecule arginin 
1 lysin . 

glutaminic acid 
glycocoll 

minus 4- molecules of water 

Gluto-kyrin . 

C,H14N,02 
06 HUN202 

C,HoNO, 
04 H10N20 4 

C21H47Ng012 

Hg 0, 

C21HS?N~,o8 

Siegfried 1 has prepared a quite similar basic nucleus, the caseino· 
kyrin, from casein. Its nitrogen is in the form of basic- nitrogen 
(arginin and lysin) to the extent of 84-85 per cent, while the Rillino

acid-nitrogen (glutaminic acid) amounts from 15 to 16 per cent. 
This ba.se has the formula C2.3H47N90g" 
Hydrolytic dissociation sets free arginin, lysin, and glutaminic acid, 

but no histidin or ammonia. Siegfried assigns to caseino-kyrin the 
formula-

1 molecule arginin 
Jysin . 
glutaminic acid 

minus 2 molecules of water 

Caseino-kyrin 

C,H"N,O, 
C12H2SN40" 
C,R,NO, 

C~I3H51N}PI0 
H, 0, 

v. ALBUMOSES PRODUCED BY THE ACTION OF ALKALIES 

Maas 2 has dissociated albumins with dilute alkalies. He found 

aJlmli-aJbuminates and albumoaes, but no peptones, !IS the l~tter were 
evidently a.t once broken up "ti]] further. An a.1kali-albuznose pre--

pared from egg ·_albumin Wall specially investigated, but siroBar 

1 M. Siegfried. Zeitachr,f.phys£ol. ahem,48. 46 (1904). l! O. Maas, ibid. 80. 6] (1f)~). 
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products were also obtained from fibrin and from serum-albumin. The 
alkali-albumose has the composition-

C 
53'57 

H 
7·09 

N 
13·62 

S 
2·13 

o 
23'49 per cent. 

It is lrevo-rotatory, an == - 49'4. It gives the biuret, the lead
sulphide, and the xantho-proteic reactions, also those of Millon aIld 
Molisch, and is precipitated by the alkaloidal reagents. It is in
soluble in water and salt solutions; readily soluble in acids and 
alkalies; soluble in hot alcohol of 50-60 per cent; insoluble in cold 
alcohol. The precipitation limits for ammonium sulphate are between 
18 and 42. It is not digested by trypsin. 

VI. 003IPOU.NDS FomfED BY 3IOIST HEAT 

Atmid Albumoses 

The action of steam under pressure on proteids has been investi
gated by Meissner, Krukenberg, Neumeister,l and Salkowski 2 (see also 
p. 92). If fibrin or any other coagulated albumin is placed in a,. large 
amount of water, and is heated for one hour in an autoclave to 160°, 
sulphuretted hydrogen and ammonia are given off, while the albumin 
passes entirely, or for the greater part, into solution; in the fluid will 
be found peptones and albumoses. If the solutions which were heated 
had an acid reaction, Neumeister obtained substances which resembled 
in every respect Kuhne's peptic-albumoses; while if the reaction Was 
neutral or alkaline, two new albumoses were formed, which Neumeister 
called atmid-albumin and atmid-albumose. The behaviour of these 
two bodies towards acids and towards salts is a very complicated one, 
probably because these substances. do not possess a uniform constitu
tion. Towards precipitants they behave as do the primary albumoses ; 
they give a violet biuret-reaction and well-marked reactions with the 
tests of M~lisch and Adamkiewicz, but only a slight reaction with 
Millon's reagent. They do not give the black leaq-sulphide reaction, 
although they still contain traces of sulphur. Their nitrogen-content 
is low. Both atmid-albumoses are converted by boiling sulphuric acid 
into deutero - albumoses and peptones, but are attacked only with 
diffieulty by pepsin and tryp.in. In all probability they are des-amin
ated albumoses of the anti-group, mixed perhaps with some form of 
""id·albumin (Cohnbeim). 

1 R. Neumeistert .&itschr. f. Bioi. 26. 57 (1890), 86. 420 (189S). 
2 E. Salkowski, action of superbea.ted wa.ter on albumin, ibid. 34. 190 (1898), 3'7. 

401 (1899 
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By prolonged heating to only 130", &lkowski prepared from meat 
and fibrin products essentially resembling those of Neumeister.; they 
differ in giving a well-marked Millon's reaction, and being more readily 
digesti:'d than are N enmeister's preparation!:;, Salkowski believes his 
substance to be the ammonium~salt of an albumose, and not an 
albumose. 

The papa.yotin-alhumoses closely resemble the. atmid.alhumoses, 
according to Neumeister,l 

Somatose is an atmid-albumoiSe. 

Carnic or Sarctic Acid 

Kemmerich's meat-extract contains, as first stated by Kemmerich 2 

and confirmed by Mays,3 aHmmoses and peptones, which are probably 
formed by a transformation of the not readily coagulable muscle
albumins. There are found, however, in muscle also pre-formed non
coagulable albumins. According to Mays, one of these substances is 
ca.rnic acid, which Siegfried 4 and his pupils fj prepared from Kem
merich's meat extract by removing all phosphates, and then precipitat
ing ·with ferric chloride. Carnic acid has the same composition and 
the same properties as has an anti-peptone. Its formula is 

CloH15NsOs· 

Adopting this formula, it is mono-basic. It gives an intense, red biuret
rea-ction, but no other colour-tests; it is precipitated by alkaloidal 
reagents. It is not salted out by ammonium sulphate. Its disintegra
tion-products are ammonia, catbonic acid, lysin, arginin, leucin, and 
succinic acid. Of still greater importance are its two derivatives, 
phosphocarnic acid and carniferrin. The phosphocarnic acid contains 
large amounts of phosphorus, and is, according to Siegfried, a nucleone, 
while carniferrin contaIns iron as ·well as phosphorus. Carniferrin is 
found in small amounts in urine) in muscles, and in cow's milk; in 

I R. Neumeister, /)en(scM medizinische Wochenschrift, 1893, NT. 36 and 46. 
2 E. Kemmerich, Wid. 18. 409 (1893). 
3 K. Ma.ys, Zdtsckr. f. Bid. 34. 268 (1896). 
4 M, Siegfried, 'tiber Flei,>chsaure,' Arch_ f- (Anat. 'It,) Phy8iol., 1894, p. 401 ; 

'Zur Kenntbis der Phosphorfleisehsaure,' Zeitschr./. physiol. Chem. 21. 360 (1895), 
22. 575 (1897); 'Uber Antipepton,' 1. ibid. 27. 335 (1899), 28. 524 (1899) . 

.. w. S. Hall, 'Resorption des Karniferl'i.ns,' Archil1jiir (Anal. und) Physiol., 1894, 
455; C. W. Rockwood., 'Saretic Acid in Urine,' wid_ 1895, p. 1; P. Balke and Ide, 
'Qua.ntitative El;timation of Phosphosaretic Acid,' Zeit4chr. f. phllsWl. Chem. 21- 380 
(1895); F. R. Kriiger, ibid. 22. 45 (l896); P. Balke. 'Dissociation-products ot 
Carnifel'l'in,' wid_ 22. 248 (1896); Martin Muller, 'The Amount of Nucleon ill Human 
Mu.scle,' ibid. 22. 561 (1.897) ; K_ Wittmaack. 'Nucleon-content of Milk,' ibid. 22. 567 
(1897); R. T. Kruger, ibid. 28. 535 (1899) ; L J. R. Macleod, ibid. 28. 635 (1899). 
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somewhat larger amonnts in human milk. Siegfried attributes to 
these substances, especially in muscle, a considerable biological import. 
ance, but Folin 1 and Kutscher 2 throw douht on the chemical uniformity 
of these derivatives.!1 . 

Physiology of Albumoses and Peptones 
The part played by the hydrochloric acid in peptic digestion is a" 

yet but little understood. Meissner 4 stated that 0'2 per cent hydro 
chloric acid, acting 011 non-coagulated egg-1yhite, produces a water
soluble substance not coagulable by heat, which we now know to be an 
acid-alhumin, while Goldschmidt and Lawrow, as already stated OIl 

p. 19H, ma,iutain that hydrochloric acid without pepsin will ultimately 
produce the same effect as if pepsin had heen present. From this it 
would appear as if the chief function of the pepsin was to hasten the 
effect of the hydrochloric acid. If the author's view is correct that 
the greater part of an albumin molecule under normal conditions is ill 
the pseudo-acid-pseudo-basic state, i.e. that the amino-acids in the 
albumin molecule become de-ionised owing to ring-formation occurring 
(see pp. 211 to 215), then the first stage in gastric digestion mllst be 
the opening up of these rings This may be uone, firstly, either by the 
action of the acid H-ion of the HOI of the gastric juice, or the basic 
OB/- radical of the sodium carbonate of the pancreatic juice: or, 
secondly, by the enzymes uniting ]lrimarily with the alhumin. If we 
consider how firmly enzymes adhere to the albumins, it becomes 
necessary to explain this union as depending on chemical action, and 
it is legitimate to suppose that the new chemical compound is so 
constituted that it is readily split up by the H O

_ or OH/-iollS. If 
ferments are able of reacting in both alkaline and acid media, then, 
according to the author's view, these ferments must be considered to 
be amphoteric (see p. 208). 

Attention is also directed in this connection to the interesting 
observation 01 Schwarz D that trypsin cannot act on albumin which has 
been treated with form~ or acet-aldehyde, while pepsin + HOI has the 
power of acting on the acid methylene- and ethylene-albumins, which 
are formed by the action of the corresponding aldehydes. 

For the combined action of pepsin and hydrochloric acid it is best 
to employ the pure gastric juice obtained by .T. Pawlow's method, as 

10. FOlin, 'Some Constituents of Witte's Pepwne,' Zeuschr.f.phys':ol. Chem. 25. 
152 (1898). 

2 Fr. KuUc~ ·,..utiPepton,' I. biB IIL'tbid. 25. 195 (1898), 26. no (1898), 2S. 
88 (1899). I Meissner, ZritWl'l'.j. ratioo.ellt Mtdinn, III. 8. 280 (1860). 

4 Leo Schwarz, Zeitulvr. f. physiol. Ohen~. 31. 460 (1901). 
~ See Zt'1Ibalbl.~Ag8iol. 1904, under' Nucleon.' 
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thereby it is possible to exclude all tissue ferments. The objection to 
gastric juice obtained by Pawlow's method is, however, that it does 
not represent both cardiac and pyloric secretions, and it may for this 
reason be less active than is the pepsin secreted from the whole 
stomach. The first to point out that peptic digestion liberates mono
amino~acids, such as leucin-imide, was Salaskin,l and later Salas kin and 
Kowalewsky.2 La.now 3 obtained frOID gelatine 35'2 per cent 
of the nitrogen as mono-amino-nitrogen, on dissolving 400 grammes of 
commercial gelatine in 4 litrcs of 0-5 per cent Hel, and then adding 
900 cem. of dog's gastric juice, obtained by Pawlow's method, and an 
excess of chloroform. 

A stomach which ''''as allowed to autodigest itself in the presence 
of 0'5 per cent, Hel, gave rise to exactly the same products al) other 
albumins did on being acted upon by gastric juice obtained by Pawlow's 
method. 

"Yhile Mcording to ~alaskin, Kowalewsky, and LaWl'ow, mono
amino-acids are always formed hy peptic digestion, Abderhalden and 
Rostoski, <l on the other hand, hiled to get any mono-amina-aeids apart 
from traces of tyrosin, when they a.cted (,n eelestin prepared from 
catron· seed. 

\\,hile native albumins which have escaped the action of peptic 
digestion may be absorbed as such according to I{.osenbel'g and 
Oppenheimer,;; it is quite different , ... itb albumoses and peptones, for 
these, according to Neumeister/\ are found nowhere in the animal body 
except in the alimentary canal. The cont.radictory statements of other 
authors are to be explained on the ground of the great difficulty met with 
in completely separating out aU albumins; traces of albumin which have 
escaped coagulation have been taken for pre-existing albumoses. The 
more recent statements of EmMen and Knoop1 and Langstcin 8 as to the 
occurrence of albumoses. in blood do also not appear convincing. Under 
pathological conditions, however, as during pmv formation,9 during the 
absorption of exudations 10 and similar processes, albumoses do occur ill 
the animal body. Sometimes they are formed rapidly and abtmdantly 

1 S. SaJaskin, Zeitsch'r.f. physiol. Chem. 32. 592 (1901). 
2 S. Salaskin and K. Kowalewsky, ibid. 38. 567 (1903). 
3 D. LaWTOW, ibid. 44. 447 (1905) . 
.. E. Abderhalden and O. RoI;W8ki, ibid. 44. 265 (1905). 
5 S. Rosenberg auf{ C. Oppenheimer, HO/II!£istn-'s Beit'l'ilge, 6. 412 (1904). 
II R. Nfdullleistar. ib-id. 24. 272 (1888). 
1 G. Embden and F. Knoop, ibid. 3. 120 (19D2). 
B L. Langstein. ibid. 3, 873 (1902). 
9 F. Hofmeister, Zeil3ehr.f. physiol. Uluan. 4- 268 (1880). 
10 Fr. Miiller. Verh:der Na.turf. Gu. eu basel, 18. 30S (1901); O. Simon, D&utscll. 

ArM./. !din. Med. 70. 604 (1901). 
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as the result of autolytic processes immediately after death, e.g. after 
phosphoI'us-poisoning.l Krehl's 2 investigations have furt,her brought 
to light a close connection between albumoses circulating in the blood 
and feyer; the temperature-raising constituents of Koch's tuberculin 
are the albumoses of the nutritive medium. 3 Traces of albumoses 
have /llso been observed in sputum.4- During all these p<1thological 
conditions albumoses are also met with in the urine, while pertones are 
always absent. The urinary albumose of Bence-Jones is not an 
albumose at .lU, but coagub.ted albumin (soo p. 369). (Cohnheim.) 

In connection with the demonstration of albumose in urine':' special 
attention is drawn to the observations of Stok"is 6 and Salkowski,' who 
found that urobilin produces with sodium hydrate and copper sulphate 
a colour which is undistinguishahle from that of the biuret-reaction. 
Both authors point out the danger of mistaking urobilin for albumose 
when using the hiuret-test. 

Amongst invertebrates Henze 8 has found in the secretion of the 
saliyary glands of the marine snail Tritonll711 nodosurn, besides aspartic 
acid, Ii substance which seems to be a pept,one. 

Albumoses possess a number of poisonous properties, such as 
lowering of blood-pressure, rendering blood non-coagulable,9 etc. 
Pick and Spiro 10 believe that pure albumoses are non-poisonous, and 
that the poisonous constituent, the peptozyme, adheres to the pepsin 
or to the fibrin, and that in this way it gets into the pepsin- and 
fibrin-albumoses, but U nderhill ll has shown Pi~k and Spiro to be 
wrong. 

Simple albumins, namely, the protamins and histones, also 100vcr 

1 F. Soetbeer (and O. Cohnileim), Arch. f. experiment. Path. u. Phcwm. 50. 294 
(1903). 

2 L. Krehl. ibid. 35. 222 (1893); L. KrelJI and M. :Matthes, lJeutsch. Arch. f. 
/din. _Med. 54.501 (l894); Ardo. f. experiment. Path. und Pharm. 38. 248 (1897); 
L. Krelll, Pnt}wl. l'hyswl. Leiprig, 1898. 

3 M. Matthes, Deutsch. Arch. f. klin. Med. 54. 39 (1894). 
4 H. Kossel, Zeitschr. f. klin. Merl. 13. 149 (1888); E. Stadelmann, ibid. 16. 128 

{1889); O. Simon, Arch.f. expe:rbnent. Path. u. Pharrn. 49. 449 (1903). 
5 :1<'. Hofmeister, 'tiber den Nachweis von Pepton im Harn,' Zeitschr. j. pkysiol. 

ahem. 4. 251 (1880). W. D. Hallihurton, 'The Proteids which may occur in Urine,' 
Transactions flf the PaI.,hol. Soc. London, 51. Part II. 1900. 

6 H. B. J. Stokvis, Zeitschr./. Bid. 34. 466 (1896). 
7 E. Salkowski, Berliner klin. Wochenschr. 1897, Ny. 17. 
s M. Henze, lkr. d. deutsch. chern. Ges. 34. I. 348 (1901). 
II Schmidt.Millheim, Arch. f. (Anal. u.) Physiol. 1880, p. 33; Fano, ibid. 1881, 

p. 277; R. n, <Jllittendcut, L. B. Mendel, and Y. Henderson, Ame1'. Jw.rn. oj Physiol. 
II. 142 (1899); w. a Tb<>mp,on, Joum. of l'kysWl. 20. 455 (1896); 24. 374 (1899) ; 
25. 1 (1899). 

10 E. P. Pick and K. Spiro, Zeitsckr. f. physiol. Chem. 31. 285 (1900). 
11 F. P. Underb~mer. JI)'U;1'n. of Physiol. 9. 345 (1903). 
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blood-pressure, but antipcptone, protones (i.e. digestion-products of the 
protamine), histones, and arginin-carbonate, give negative results,l 
and the same holds good for the following substallCes :-Glycine or 
glycocoll, leucin, tyrosin, uracil, cytosin, indol, skatol, tryptophane, 
xanthin, hypoxanthin, guanin, thymin, glycin-ethylester, a-pyrro
Iidin carboxylic acid, a-methyl-pyrrolidin carboxylic acid, arginin, 
glutaminic acid, and glucothionic acids, according to "rolf. 2 Negative 
results ,vere also obtained by Halliburton 3 on injecting E. Fischer's 
polypeptids: leucyl-glycin, leucyl-leucin, 191ycyl-asparagin, alanyl
leucyl-g1ycin. The effect produced 011 respiration by the repeated 
injection of peptone solutions, has been studied by N olf. 4 

On injecting mono-amino acids into rabbits through a vein in the 
ear, and examining the nrine by Pfaundler's method, 5 Stolte 6 fonnd 
alanin, aspartic acid, glutaminic acid and cystin (Blum) to increase the 
amount of urea-N, and also that of the mono-amino acid N. Glycocoll 
and leucin, if given in very large amounts, give rise to a transient 
elimination of firmly bound N, and to a constant increase in the 
urea-No The aromatic mono-amino-acids, tyrosin and phenyl-alanin, 
do not lead to an increase of urea formation in twenty-four hours. 

Glassner 7 has found that the amino-acids, leucin and lysin, are 
only absorbed from the sroal} and not from the large intestine, and 
that normally albumoses, amino- and diamino-acids, are only met with 
in the small intestine, whHe in the large intestine the dissociatjon
products of the different amino-acids, as well as xanthin bases and 
ammonia, are met with. See also pp. 108 to 114. 

1 W. H. Thompson, Zeitschr,j.physiol. CheJn. 29. 1 (1900), and 32.137 (1905). 
~ c. 0-. L. Wolf, JOllrn. if Phywl. 32. IiI (1905). 
3 W. D. Halliburton, ibid. p. 174_ 
4 P. NoIf, Arch. de Bioi. 20. 101 (1904) . 
• > Pf'aundler, ZentralOl,f. Ph-yst'd. 14. 538 (1900). 
1\ K. Stolte, Hojtneister's Biitriige, 5. 15 (1904). 
7 K. Glassner, Zeitschr_f_ klin. Jled. 62. p, 386. 



CHAPTER VI 

THE SALTS OF ALBUMINS 

1. THEORETICAL CONSIDERATIONS 

THE hehaviour of amino-acids under different conditions is to the 
biologist of very special interest, and therefore the physico-chemical 
aspect has been gone into somewhat more fuUy by the author. 

Amino-acids in many respects resemble the pyrons,l for both 
possess the power of forming additive compounds with acids and with 
bases. Strecker 2 seems to have been the first to advance the view 
that amino-acids fix metals by their CO. OH radical, while they 
bind acids by the NH2-group, and the same conclusion has been 
arrived at by Bredig,3 "\Vinkelblech,4 and "\ralker,5 who have studied 
amino-acids in the light of physical chemistry. Bredig uses the term 
I amphoteric electrolyte' for any substance 'which may split off, or 
unite with, rfD and OH' ions,' (i or, in other words, any substance 
which can play the part of an acid towards a base or that of a base 
towards an acid. According to this definition, water is an amphoteric 
electrolyte because its hydrogen~atom H and its hydroxyl-radicalOH 
may be converted into the chemically active ions H O and OR' when
ever water comes into contact with certain salts, as will be shown 
more fully later. Alcohols (CnH~+l)OH are also amphoteric electro
lytes. Thus (CuH2n+1)OH can unite with sodium according to the 

1 R. Willstiitter and r .. PuOlmerer, BeT, d, deutsch, chem. Gu.37. 3740 (1904); 
and J. N, Collie, Journ. Chem, &c, 1904, p. 971. 

2 F. A. Strecker, Ann, d. Chem. 148. 87 (18B6). 
3 G. Bredig, Zdlschr.f. Elektrockmu, 1899, No.2. 
4 K. Winkelhlecb, Vber ampTwlere Elektrolyte 'and inn.ere Salze, Leipziger Disserta

tion, 1901; Zeit6cAr./. physiko1. aMm. 86. 546 (1901). 
r;. James Wa1ker.~r.f. phY$lk. Oht:m.. 49. 82 (1904). 

, e AC{lol'dibg ~,~~d's plan, a. dot placed behind an a.tom or group of a.toms 
signifies a positi've '151ectrical load, while a stroke stands for a negative load. In this 
book the dot has been replaced by a circle, thus 1r standa for positive hydrogen~ion and 
or stands for n~orine-ion. 

208 
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equation (0111411+1°) - H + Na~ = CnHZI'+10~a + H, when the alcohol 
remainder [CnH 2n+ 10]' plays the part of an acid, the feeble kat-ion H 
being replaced by the strong kat-ion soilium) Na". On the other hand, 
the bydroxyl-hJTOUP OR may be replaced by a stronger all-ionic radical, 
such as a chlorine-ion; thus [CnH2n+S'OH' + H"Cr =: CIIH 2J1 +1CI + Hl). 
This behaviour of alcohols depends on the presence of the OH radical, 
and it will readily be seen that other compounds which conta.in this 0 II 
ra.dical will hehave analogously. Such OR-compounds arc, fol' example, 

serin (see p. 33) and all phenols, OOH (p. 49). Alcohols differ, 
however, from ordinary hydroxyl-compounds, as they only fOI1ll alcohol
sa.lts in the absence uf W[;tter. These alcohol-salts 011 coming into 
contact with .vater dissociate hydrolytically, because water is hydro
lysed by alcohol-salts. Hydrolysis is explained on p. 256. 

The hydroxyl-compounds of most elements belonging to the middle 
regions of the periodic system may also play the part of either weak 
acids or weak bases ('Yinkelblech). 

Thus, compounds haying the constitution n'OH or H·lt·OR may 
react in the following manner:-

1. Form simple kat-ions and an-ions. R'OR interacts with acids 
according to the scheme 

ROH + W (+ Cn :;::: R (+ CI') + HP, 

and with bases according to the equation 

ROH + OH'( + Na') :;::: RO'( + Na') + H,O. 

An amphoteric electrolyte of this type will give off either a pre
ponderating amount of OR' or lr ions, according as to whether the 
remainder of the molecule has more basic or more acid properties; 
thus-

ROH :;::: R' + OH' or ROH :;::: RO' + W. 

Pluribasic acids such as aluminium hydroxide possess the following 
anions:-

AI(OH), + INa' + lOH' :;::: AI(OH),O' + INa' + IH,O 
AJ(OH), + 2Na' + 20H' :;::: AJ(OH)O," + 2Na' + 2H,O 
Al(OH), + 3Ku' + 30H' :;::: AlO,'" + 3Na" ~ 3Hp. 

Salt-formation, in water, is most complete in all pluribasic acids if 
one equivalent of base is present. \Yith each additional basic radical 
the salt tends to hydrolyse more and more. The Donnal hydrate 
readily passes into the metahydrate AIO ·OB. 

2. Split off HO and OH' ions, and then dmnge into a non-electrolyte 
instead of becoming a real salt. This happens, for example, in the 

p 
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ease of As, Sb, Sn, and with the h~vdroxides of Titanium and 
(iermanium. 

\\Tith arsenic the fol1ol-rjng amphoteric l'e8ctiom; ta..ke place:~ 

As,(OH), + 6H + 6Cl' :;": 2(AsCJs) + 6Hp, 
,md A',(OH), + ~a' + OH' :;": ,\si(lH)P' ~ ~a'" Up. 

3. Attach IT" and OB' ions to thcmselvel:i and then form an-ions 
amI kat-ions. 

:1.nd 

It-NHg+Na' TOR' ~ U-XH;I.OH 

Lod 600'+Na, 

U - i\Hs + H + e]' 

I I 
COO 

L Give rise to ions which are simultaneously electro-positive and 
dectro-negative (Bredig), and which Kiister 1 calls 'Zwittcr-ions,' i.e 
hermaphrodite-ions. Thus the' Z.,yitter-ion ' of glycocoll is thf' gr')UP 
H), _. (,H, - COO, 

HO. R3N. CR2 • COOH :;": OR +H)\ - CHz - COO + H. 

5. Undergo a. peculiar intramolecular change (D:.widson and 
Ihtntzsch),2 wherebr t.herc is formed the an-ion of a dibasic lwid. as in 
the Ji-azoninm compounds, represented hy di-azoninm-sulphanilic acid: 

and 

J,R?" i\ + W 

SO; 

+ C]' 

The simultaneous presence of acid and of basic radicals in one alld 
the same molecule must of necessity lead to a weakening of the add 
or basic characters of the molecule towards other jndividual molecules, 
and must also set up within the amphoteric molecule a tendency 
towards 'internal salt-formation,) by which expression we mean that 
the acid and the hasic radicals of an amphoteric electrolyte will tend 
tb mutua.lly satiefy (me another. l,Vhenever this tendency becomes an 

1 Auster, Zeitschr,j. anorg. Oktm:ie, 13. 136 (1897), 
2 W. B. Da"\'idte~lld A. Hantzscb, Ber. d. deut8ch. chem. Ges. 31. 1612 (1898). 
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accomplisheu fact, then the previously open-chain compollnd is con
verted into a 'ring-compound.' 1 Thus 

0, H CI!, 
C - C - NH, becomes OC<>XH, 

HO/ H U 
Cllemi.:ul!y active glycocoll becomes ehemicaUy :Illactive glycocoll. 

'Yhile glycocolJ is in thls inactiyc state it forms a true pseudo-aciJ
p;:;eudo-bardc compound; In other words, it cannot play the p:wt of 
an [tn-ion or that of a kat-ion till the ring-like corupounJ is reconverted 
into an open-chain. This change can only be brought about by 
snhjecting the pseudo-acid pseudo-hasic molecule to the influence of 
ions. If active or inactiyc glycocoll is brought into contact with a 
Fltrong acid, such as hydrochloric acid, then glycocoll-h,vdrochloride is 

formed: 

° H )C -C -XH, + HCI ~ 
HO I! 

while with sodium hydrate it forms sodium glycocol1a.tc and water. 

0, < H, ' _ 0, ~ 
/C-C-NH, + NaOH- /C-C-NH., + HoO. 

HO H NaO I! 

The proximity to or the remoteness from one another of the acid and 
basic radicals in the amphoteric amino-acid determines the ease with 
which an internal salt is made and is unmade. As most of t,he normally 
occurring mOllcramino-acids arc a-compounds (p. 21) in which the 
basic Nl12-group is as close to the acid COGH-group as possible, 
it follmys that the length of the pJ'imary chain does not much 
interfere with the internal MIt-formatioll as long as oIlly one ~JIl 
radical and one COOH radical is present: 

CH, 

OC<>NH; 
o 

~~l'ycocoll. 

CH. CH,CH,CH,CH" 

OC<>NH, 
o 

Lendll. 

It jg different, however, when two NH2 and one COOH groups are 
present, or two COOH groups and one NH2, as in the case of the 
mono-amino-di·carboxylic and di-amino-mono-ca.rboxyHe acids. From 

1 Ring-formation lly fu'siou of two molecules is rlescribed on p. 215. Tllere are 
stereoch.emical difficulties in the way of one-molecule rings. 
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the fact that agptlragin is a considerahly stronger acid than is glycocoll, 
'Vinkelblech conclwles that aspal'agin has the cotlstitlltional formula: 

H 
H,C--C. COC\f], 

i :>~B3 rather than 

OC--O 

H 
C - ClI, . CONH, 

OC<>NH, 

° 
How the constitution of a molecule atfectg its acid and its Lasie 
character is Hot as yet fully understood. The author has for a con
siderable time im'cstigated the problems of intramolecular coagulation 
in IllOHO- and in di-amino acids, and hopes before long to be able to 
communicate definite facts hearing otl this matter. 

The last poim to be considered if> the relative strength of the acid 
and -the hasic radicals in the amphoteric amino-a.cids. If the carboxyl
group COOH is replaced h.Y the lUuch more !;trongly acid :=mlphoni(' 
radical 8°3, then the basic character of the NH2-group may be 
diminished to such an extent as practically not to make itself felt at 
a,ll. This holds good, for example, in the case of sulphanilic acid, 
QiH4(XH3)(8020). On the other hand, the basic character of the 
NH2-group may be strengthened by the introduction of alky1-mdicals 
(methyl, CHs; ethyl, U2H 5) till it is IOta 20 times stronget· than ammonia 
("'inkelblech). The acid character of the COOH radical may hereby 
be overcome so completely as to preyent the latter from acting a~ 

an acid radical, at least at the ordinary room-temperature. Thus 
hetain develops acid characters only at zero-temperature (Davidsoll).l 
Glycocoll, sarcosin, and hetain are in descending order less and less 
acid: 

Cf], 

CO<>NHs 
o 

G1,Ycocoll. Sarcosin 

OK 
OC<>NH(CH3), 

o 
Hemin. 

The great inhibiting effect of the amino-group NH2 on the carhoxyl
group COGH is well seen by comparing acetic acid with amino-acetic 
acid or glycocoll. Thus l'l normal acetic acid, dissociating only to 
the extent of 2 pel' cent, is 500,000 times more strongly acid than is 
amino-a<}etic acJq. 

As &m.iM-aCids are too feeble to allow of their dissociation
con..stant being determined at the ordinary temperature, e.g. by either 
measuring tJ;tfr electrical conductivity 01' their rate of sugar-inversion 
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01' splitting of esters, "\Vinkclblech comhined 'Valker's 1 print;iplc of 
estimating the strength of feeble bases hy studying the hydrolysls of 
their chlorides, wjth the anaJogous met,hod of Shields,2 who studied 
the hydrolysis of the sodium salts of feeble acids. III this way it was 
possible to determine for each amino-acid the relative strcligths of its 
aeid and hasic ra.dicals. 

'Yinkelhlech gives the following ratios of the acidity' to the hasieity 
of certain amino-acids :~ 

AC'idity t,) bR~ieit.v. 

Aspartic acid 
"-~nnino-l)enzoi(' acid 

ACHlity to ba-;iclt.~·. 

:13 millions: 

4- miHiofls: 
2-6 millions: 
0'5 millions: 

A~paragin 3000: 1 
Alunin 24-0: 1 

Glycocoll. 120 : }'-

Leucin 115: 
Sarrasin 72 : 

Fltl'lhel' information OIt these complicated relatiomhips, and particularly 
on tbe points ill which amphoteric electrolytes differ from ordinary 
electrolytes, 'will be fOllnd in \Valker's recent paper. 3 

Thc most remarkahle property of amino-acids is thcir strong hydro
IS-sis, which mCailS that the salts which amino-acids form ''lith other 
acids or hases arc vcry readily broken up by the iOIls of water. If a 
strong base if,; linked to a strong acjdJ~if, for example, c(juivalent 
amonnts of hydrochloric acid and of caustic soJa are dissolved in 
water,-then the acid hydrogen-ion of the Hel unites with the alkaline 
hydroxyl-ion of the NaOH to form neutral water, while the sodium- and 
the chlorine-ions form a. nentral salt. Ill. this case the negative chlorine
ions and the positive sodium-ions possess a great electro-affinity for one 
another, and therefore they do not unite with either the feeble, 
acid hydrogen-ions or the feeble, alkaline hydroxyl-ions of the water. 
But if, instead of two su~h strong radicals as sodium and chlorine, there 
be present one feeble radical, e.g. an amino-acid, in combination with a 
strong acid or a strong base, then the strong radical will not join up 
with the amino~acid, which is a more feeble radical than are the iOIlS 

of water, but will combine with one of the ions of the water. 
Generally speaking, any amphoteric electrolyte H'R'OH will 

form, according to 'Yalker, the ions H O
, OH/, HRo, and nOH', while 

the non-ionised portion must be either in the state of a ~ydrate II' R' OR 
or that of an anhydride R. Therefore an equilihrium in the solution 
depends on the fa-ctors 

+ + 
H OH ROH HE HROH R. 

1 James Walker, Zeitschr.f. pkysik. Ohem. 4.319 (1889). 
".I ShielUs, WUZ. 12. 167 (1893). :I James Walker, iMd. 49. 82 (1904). 
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'Yalker's yiews on ,tmphoteric (>lectl'olytci'; from tIle ;;;tandpoint of 
the elect.rolytic dj",sociatio1)-t,heory haH~ heen snmmadsed hy John 
.Johnsto1l 1 ill the following way: If H'X ·on i1:'> an amphoteric 
electrolytc ·with the aciel-constant 1:0; and the base-constant kbl amI 
if hI/' i~ the dlsr:ociatioD-coJ]st-ant of \YILter: 

[H +] 

rUIl -J 

lBX-J 

[SUH -] 

lit" + k,; [H_:X ·()JIJ 

\t I" 1:"'[H'X'()l!] 
h.11' 

K 1,· 

[11 +1 

~II '[H- J ·[n· S 'Oll] 
h?/. 

kdH'X 'OB] 
- rtl~ T 

II. GENERAL ACC'OC\T (11" SALT-F()H'I1ATlO:\ 

In \vorking with ttmino-acids and with albumins it ifi ne(_;ess;~ry t.o 
consumtly keep the &1.lt-fo1'ming power of i.hese Bnhstanceb bdore anI' 
mind's-cye, in addition to their physical characteristics, which will lw 
explained later on. Glycocoll, heing the simplest awino-acid, ]:-; 
therefore taken as a type. 

Normal Glycocoll, 1>H,.CB2 .l'OOH.-\Yinkclblech assumeo thaI 
a watery solution of glycocoll cont,aillS 99'0G7 pel' cent of hydryated 
but non-dissociated m,)lecltles, 

H fl /0 
K-C-C 
11 II "-Oll 
K Of mal glycocoll. 

while the minima.l remainder is made up of a few ions and of nOIl-

11ydrateu ,glycocoll molecules. He expbins the neutral reaction of u 
watery solution of glycocoll as heing due to the want of dissocilttion 
of the hydrated amino-acid. Although, then, the. presence of glycocoll 
loads to a union of the water-ions wIth the amjno-acid, there is no 
hydrolytic dissociation of the newly-formed compounds. A hydrated 
amino-acid docs not dissociate, because both the acid and basic radicals 
are very feeble. 

Wal~\.I:-r:.1 believes that. the glycocoll molecules in watery solutions 
either form inwrnal salts or tha.t they unite in pairs, in such a way 

1 J. John"tol1, Bcr. d. de'!~tscA. rhem. OCS. 37. 36:25 (1904). 
2 JalllCS Walker, Zcitschr, CIWiH, 49. 82 (1904), and independently by 
A"~'-_~ ,.,.M ... ....r;::>n-...<:,~.l 
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that the acid radical of Que molecule links on to the u:tsie radic,tl of a 
second molecnl{' : 1 

or 

"B, 0 ;--", 
H2C I I CO 

OC" / CH, 
O--NH,. 

\YlJatcyer change an amino-acid undergoes, whether it form a 
I'ing-like compound on becoming ,1.11 internal salt, or whether it form 
double DlI)lecules, or whether It, hecome hydrated, or whether It 
unite -with acids, tht' orif!'ilmlly trivalent nitrogen ahnty:; hecom{' 
pentavalent. 

Glycocoll Hydrochloride, CIII,)'. CBe.COOH, hy hydrolysi, 
Rets free neutral gl,ycocoll H~X. CH~.COOH and hydrochloric acid. 
which then dis~ociates into the ions 1-1" -I- cr. The solution react~ 

strongly acid, owing to the hydrogen-ions, and it WII(luct" ihr 
electric current mostl~' as hydrochloric acid, and to a very slit{ht 
extellt as the hydrochloride of glycocoll. 

Glycocollate of Sodium, Il,"". CH,.COO"a: by bydrolysj, 
neutral glycoeoll and sodium h~'drate arc set free. The lattc] 
dissociates electrolytically into OH'- and _:qa~-ions" The solution has Ii 

strongly alkaline reaction owing to the hydroxyl-ions, and it conductt 
the cnrrent mr)stly !~S sodium hydrate, and to a very slight extent a~ 
sodium gl,r<.:ocollaiA. 

III connection with the union of amino-acids with carbon-dioxidt 
Siegfried 2 has made the follmying obsenation, ,"hieh is of the greatesl 
physiological importance ;-

On saturating a mixture consjsting of equal volumes of equilJol'maJ 
solutions of glycocoll and b<trium-hydroxide, an alkaline solution i~ 

obtained which rema,in:; clear when CO2 is passed through it, and thi, 
continues to be the case tm for €Reh volume of glycocoll nearly hv( 

volumes of equivalent haryta water has been added. The solution St 

obtained gives ofr barium carbonate slowly on standing and quickI), 
on boiling. Analogous results are obtained on substituting £01 

glycocoll--i-alanin, l-leucin, sarcosin, phenyl-glycocoll, aspartic acid 
glutaminic acid or asparagin, and on replacing barium-hydroxide b) 
calcium or sodium hydroxide, and finally on substituting for CO: 
sodium carbonate. 

Analyses of the compounds which glycocoll, i-alanin,l-leucin, sarcosin 

1 The formation of "anhydrides or di"acipiperazin rings is explained on pp. 55, 132. 
'l M. Siegfrierl Zeitschr. f.llhysiol. Chern .. 44. 85 (1905). 
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anu phenyl-glycocoll form with calcium-hydroxide and CO2 have shown 
that these amino-acids must contain the radical 

/H 
R-K, 
I 'COOH 
COOH 

Carbamino-acid f<ldical, 

It _ X/H 
I - "'COO 
I / 

COO-Ca 
Lim(lsalt of same, 

,H 
CH,-K( 
I /COO, 

COO-Ca 
Calcium carbamino-acf,tate 01 

ealcium glycocoll-carbonate, 

that is, the normal lime-salts of the hitherto Ullknown dibasic carL
amino-acids of the glycocoll series. These compounds are therefore 
formed hy the amphoteric amino-acids, simply adding CO2, which 
therehy lJccomes de.ionised. 

Quite analogous to the amino-acids behave the peptones, crystnJline 
sprnID-albumin and dialysed horse-serum. Siegfried points out that 
the union of CO2 in the hlood ~ppears in a n8\1" hght, especiaJly in 
connection with the hypothesis of Setschenow as to conversion of 
serum albumin into carbo-albumin by the action of CO2, and also in 
connection with the carho-hremoglobin of Rohr. 

Siegfried assumes th~~t during muscular activity, in addition to the 
view according t,o which muscle-proteid first takes up 02 <tnd then 
decomposes, CO2 being given off, anothf'l' "iew will have also to be 
considered, namely, that CO2 is bound temporarily as a carhonate, 
whieh then undergoes hydrolysis secondarilr and so sets free CO2, 

This temporary binding of COz would facilitate oxidative processes 
going on in the muscle. 

In connection with chlorophyll, the CO2 t.1.ken up may be converted 
into a carbamino-group, and therefore in future we have, in addition 
to the qllest,ion of how CO" becomes reduced, also to keep in mind the 
quest,ion of how carbamino~acids ate reduced. 

The double nature of amino-acids,. i.e. to act eit,her as acid::; or as 
bases, is interfered with as soon as one of the NH2 or COOH radicals 
is bound up. Curtius and GobelI have shown that glycin-ester, 
H 2N. CH2.COOC2H 5, and E. Fischer ~ that other amino-aeid-esters 
arc strong bases (as already mentioned- in connection with sarcosin 
and betain, p. 212); Schiif,3 on the other hand, found methylene
compounGs to be ~dsJ as the ami~o-radica.l is joined to formaldehyde; 

J '1'. CUl-tins and }'. Gobel, JQll'rn.f. prakt. CMm. (2) 37.150 (1888). 
:) E. Fischer. ~d.. deutsch. chelll. &es. 34. 1. 433 (1901). 
, E. S"b;ff, ulttti!, Ann. 310. 25 (1899), 316, 242 (1901), 319. 59 (1901), 
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thus alanin is approximately neutral, while m(·thy1cne-alanin ig 
strongly acid: 

eRa 
I 

CH.KH, I . 
COOH 
Aiallin. 

C'H 

d'H.3N~CH2 
! 

coon 
~Iethylen('-[llanill. 

The presence of a second NH2 or COOH group uoes not aIter the 
general character of an amino-acid, but the basic cha.racter pre
dominates in lysin, ami the acid character in glutaminic acid, but not
'Yithstanding this the latter can ,wt as a base, for it forms chlorides. 

Alhumins heba ve in exactly, the flame 'Yay as do the amino-acids. 
A_ccordillg to Sjiiqvist,l Colmheim,2 Cobnbeirn :lnd Krieger,S Erh,4 
Bugal's%ky and Liebermann,5 and von Rhorer/' alhumins read as bases 
towards acids, being in some cases enm more basic than the amino-acids 
("ee hclow). According to von Ithorer albumins arc ahont 500 times 
more basic than is distilled water) and according to Sjoqvist about 
7 -!-'2 tjmes more feeble t.han ls aniIin. ,Yith aelds they forIll salt.s 
,,,hich undergo great hydrolysis. 

According to Erb the hydrolysis of the chlorides of <Llhumins 
amounts to 88 per cent, and is probably even greater. Arrhenius 
,ll1d Ley'i and others ha-ve further shown that the hydrolysis is not a 
('onstant factor, because) apart from temperature, it varies with the 
absolute and the relative amounts of the albumin and the acid present. 
Thus the greater tbe concentration of, for example, albumin-chloride, 
the less 1S its hydrolysis, so that dilllte solutions contain more free 
hydrochloric acid and less albumin-chloride than do concentrated 
solntions. If, on the other hand, there is present more hydrochloric 
acid than is needed for rectifying the basic tendencies of an amino
acid or an albumin, hydrolysif5 is diminished; with a large excess of 
hydrochloric aejd hydrolytic dissociation is nearly ah;ent, while hydro
lysis aJhounts to 8Q-90 per cent if acid and albumin are in equivalent 
solutions. Erb has studied these phenomena most minutely on pure 
alhumins: serum-albumin, egg-albumin, ~destin, and hetero-alhumose. 

I J. Sjoqvist, Skandinav. 
is given), 6. 255 (1895); 

2 O. Cohnheim, Zeitschr. /. 
~ O. C01mheiw and H. Krieger, 
4 W. Erb, ilrid. 41. 309 (IPOl). 

Physiol. 5. 277 (1894) (here the ohler literature 
ldin,. _.veil. 32. 451 (1896). 

33. 489 (1896). 
40. 95 (1900). 

5 St. Bugarszky and.L. Liebermann, Pfli.ifY,r·s Arch. j. d. yes. Pkys. 72. iiI (1898). 
6 .L. von Rhorer) wid. 90. 368 (1902). 
i H. Ley, Zemchr./. physikai. Ohem. 30. 193 (1899). 
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He found that 1 gram of ed(~Rtin is c(luindent to 212 miIligrams HeI 
if there be a large excess of hydrochloric acio, while it combines ·with 
only 26 milligr<l,llls, i.e. with only 12 pel' cent of the 212 mmigrams. 
if there is no excess of hydrochloric acid; 88 per cent of the hydro
chloric acid is libemted by hydrolysis. If one dissolve serum-alhnmin 
in one-tenth nOrIlwJ hydrochloric acid, then 1 gramme will hind O'l(l-t
milligmmmc HCl; on diluting this solution whh an equal hulk of 
1:10 II-Il(;l, it binds 0'142 gramme.: if it be diluteu fOllr times with 
1:10 /I-Hel it hinds 0'204 gramme. By means of another methud 
Sjo(j"ist found serum-albumin to bind 0'12 to 0'13 gramme. 

llifrerent alhumins differ not only ill their c<Lpacity for hiIHling 
~1cid3, but giYe different curves, when these are so constructeu as to 

show that dissociation depends not only on the concentration but al.-;(, 
on the excess of the acid. If a wcaker acid he taken instead of hyJr'J
ehloric aeid, then the dissr)cil.ttion becomes even more marked. 

Albumins beh:we quite analogously ''''hen t,hey comhine with bases; 
BugaI's;,';ky ,-LIlll LieoermaIlll l and Spiro anJ l)cmsel ~ have shown thllt 

sodium alhumina,tp exhibit,,, marked and yarying hydrolysis. 

One cssential difference exists, howcyer, between alhumins and the 
simple amino-acids: the albumins are pluri-acid hases and plnri-l)asie 
acids. On p. 14'i a comparison has already been made between the 
etlulvalent weights as determined hy Erb .. and the minimal molecular 
weight as calculated from the percentage composition; egg-albumin must 
he at leaRt 35-<tcid amI serum·alhumin at least 56-acid. According to 
Sjti<.lYist egg.albumin is ~tt least I9-acid. I\egarded as acidR they 
appear to he less basic, according to Spiro and Pemsel. According to 
Laqucur and Sackur 3 casein in its acid eapacit~v is 4 to 6-basic. 

Hydrolytic dissociation produces thus this cfiect: 1 f,'1'am of albumin 
neutralises according to its own concentration and that of the acid OJ' 

base with which it comes into contact, and also according to the nature 
of the (tcids amlbascs, quite different amounts of these acids or bases, a 
phenomenon which for a long time made it very difficult to under
stand ,,,hat was really taking place. Sjoqvist was the first to speak in 
clear terms of the chlorides of albumins and to deduce their properties 
from the laws formulated by Arrhenius. Then Spiro and Pemsel 
expressed the reaction between albumin8~ -.acids and bases, not as a salt
formation but as a process of distribution along physical lines. 
Cohnheim and Krieger described al~umins as pseudo-bases and pseudo-

1 St. Bugarozky aJld L. Liebermann, 11liigel"s Arr.h./. d.gl'1;. PAys. 72. 51 (1898). 
\I K. Spiro and W. Pemsel, ZeiucJvr.j. pkysilll. Cltem. 26. 233 (1898). 

~ E. La~ and O. Sackur.llofmeister's Beitr{i,qe. 3. 193 (1902). 
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acids in the sense of Hantzsch, to COli\'CY the idea that aHmmins in 
watery solutions arc non-electrolytes, while in acid solutioll:" they :let 
as bases and in hasic solutions as acids. Cohnheim now says: ,. Since 
Bredig and 1Yinkclblech haF3 Rhown that glycocoll and other simlJle 
amino-acids behave in exactly the same way, the hypothesis of COhll
heim and Krieger has become superfluous, and the riddle as to how 
,tlhumiM act has jlcen solved hy studying the beha,-iunr of its 
constituent radicals." 

The author is at a loss to understand this passage. In hi" 
Plt!lsialogical Jlistolo,(f,1J in 1902 he has made no difference ht-'tween 
amino-acids and albumins, for he recogni~ed them to he homo]ogom, 
compounds. To say the theory of albumins heing pseudo-acids or 
pseudo-hases has uecomc superfluous, hecause the simple amino-aciJ".; 
hehavc as do albumins, if; not right. The correct and only COll

clnsion to be drawn is that both albumins and amirlO-acids have (l 

gn~at tendency to be com'erted normally into pseudo-compounds. 
The author believes it very important to alwayg rememher that the 
waste in our body would be enormous if it were not for the rillg
formation which amino-acids undergo when they assume the pseudo
acjcl~pseudo-basic state. He has held for years 1 "tha.t so·called pure 
ash-free alhUI;;'ins (proteids) are chemically inert, and, in the trne sense 
of the ,','Ord, dead bodies." "\,rhat puts life into thcm is thc presence 
of electrolytes, either unorganised or organised." Cl Thus tissues fixed 
in (neutral) absolute alcohol are potential acids amI hases, 01\ as it is 
termed, arc in the state of pseudo-acids and pseudo-hascs, and (Lrc 
converted into real acids by the addition of bases, and into real hases 
by the addition of acids." 

Let us therefore continue using Hantzsch's expressions 'pse1ldo
acid' or 'pseudo-base' to designate that ring-formation in amphoteric 
electrolytes by which.chemically active compoulllls are convert.ed into 
chemically inactive ones. 

Pseudo-acids and pseudo-bases arc only H special case of the 
amphoteric electrolytes discussed on p. 208, as shown by the inve,<,,· 
tigations of Hantzseh into the nature of the alcoholic solutions of 
metallic hydrates, as in this class of amphoteric electrolytes a change 
in the ionic state goes hand in hand ·with a change in constitution. 
Zawidzki 2: also points out that amphoteric electrolytes, pseudo-acids, 
and pseudo-bases have this in common, that the intra-molecular change 
during the formation of ions may vary greatly in individual cases, 
hut that in strong electrolytes it cannot occur by the addition, or the 

1 :a.fann, Pky$iologieal Hi:<tology, II.fUt, pp, 2, 25, 224, 338, 345, 348. 
2 Zawidzki, Ber. d. deutsch. chem. Ges. 37. 153 (1904). 
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Ruhtraction, of an oxygen-atom without changes -in the constitution of 
the componnds. The theor,V of pseudo-acids lS further discussed by 
Zmvidzki ill ;1 later pape!} and the substitution of carhon-remainderB 
for hydrox:d-gl'oupS in pHcmlo-hases hy Martin Frcund.~ 

Hydrolytic dissociation must a.]ways be taken into account under 
the folhrwing conditions :~ 

1. Between the water, the acids or bases, and the albumins a state 
of cl(uilihriuTIl exists for any given concentration, and this equilibrium 
I;; altered whenevcr one of the hctors is changed. For this reap,on it 
is impossihle to determine hy titration the acidity or basicity of an 
<dhn.lnin solution. Each cuhic ce-ntimetre of NftOH solution a,dded to 
a solution of an albumin-chloride diminishes the excess of hydrochloric 
acid, awl thereby leads to an increase of hydrolytic dissociation, till 
nltimately nearly the whole of t.he hydrochloric acid is split off from 
i.he albumin tLnd is thereby rendered free. Titration amounts, 
therefore, simply to an estimation of the whole of the Hcid with which 
the albnmin was united, and the result obtained is the same as if the 
albumin ha.ll not been present at all. This method of titration is made 
usp of ill determining the aeidity of gastric contents, in \yhich albumin 
Hnu albumose chlorides are present in addition to free hydrochloric acid. 
\ rhcn titrating with rosolic acid or with phenolphthalein, the albumin 
chlorides a.re estimated as well as the free hydrochloric acid, and 
therefore one speaks of 'the t.otal acidity.' As the state of equilibrium 
lJenvecn alhumin, salts, and water, is changed every time a substance 
is added, one ought never to use kinetic methods fur detel'mining the 
basicity of albumins. i.e. methods which depend on the remo\Tal or the 
using np of one of the components. This was pointed out hy 
v. Hhore1'. To overcome this difficulty Sjoqvist and Bugarszkj· and 
Liebermann determined the basicity of albumins by determining the 
electrical conductivity of albumin-chlorides, while Cohnheim estimated 
the free hydrochlodc acid hy its sugar - inverting power. Both 
methods are vety complicated, and it has· been showl! that results of 
sufficient accuracy can usually be obtained by other methods_ Cohn
heim and Spiro and Pemsel have salted out the albumin-chlorides, 
which is quite as easy as salting out the albumins themselves1 and 
have then determined in the filtrate the free hydrochloric acid. Still 
simpler is the method of Cohnheim and Kr.ieger,3 who precipitate the 

• Zl;\widiki, Bert d. tleutseh. eh.e!ll. Gcs. 31: 2298 (19Q4)~ 
2 ~Iartin Freund, ibid_ 37_ 4666 (19041. 
~ O. Cohnheim an~l H. Krieger, Zeitsch:r. I Bi.ol. 40. 95 (1900); ],[iindlene>r 

IllRdizl:n. H'ochenschr. ~ p. 381. 
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chlorides of albumins by means of the neutral alkaloid:tl-precipitautf'. 
and then determine the hydrochloric acid in the filtrate. The rcaetion 
occurs according to the equation: 

Calcium-phosphotungstate + albumin-hyJrochlol'iut! "" 
Alhumin-phosphotungstate + calcilml-chloriJe. 

The insoluble alhumin-phosphotungstate is precipitated, ami the 
filtrate may then be titrated without feu.r of hydrolytic dissociation. B.) 
means of this method Erb determined his figures. The same method 
may also be used for the albumoses of the gastric contents.! 

A still simpler method is one ·which has been used for years for 
clinicctl purposes, namely, the titration of the albumin-chlorides by 
means of certa.in indicators 'for free hydrochloric acid,' snch as 
phloroglucin vanillin, tropaeolin, Congo-red, methyl-violet, etc. Of 
these Gtinzburg's reagent (phloroglucin vanillin) and tropaeolin give, 
according to Cohnheim and Cohnheim and Krieger, approximately 
correct values. 

The power albumins possess of combining with bases has been 
determined by Bugan:.zky and Liehermann, who measured the electrical 
conductivity, and by Spiro and Pemsel, who employed the salting-out 
method. 

2. The alkaloidal reagents form ,,,ith albumins insoluble salts, 
but these salts readily undergo hydrolysis and remain in solution if 
free acid be not present. Such weak bases as the alLumins require, 
therefore, It certain excess of acid, e',q. phosphotungstic acid, t.o become 
precipitated, Neutral phosphotungstates, pierates, tan nates, iodine, 
potassium iodide, biniodide of mercury in potassium im!ide, pot,tssiull) 
ferrocyanide, do not precipitate albumin~they only do 80 if the 
reaction be acid. The reagents generally used are therefore hin-ioJide 
of mercury in potassIum iodide + hydrochloric aciJ j potassium ferro~ 
cyanide -t- acetic acid; picric acid; tannic acid; and phosphotungstic 
acid. v. l{horer also states that feeble acids, such as acetic or lactic 
acid, cannot take the place of hydrochloric acid. Only the histon~:
are sufficiently strong bases to be precipitated if the reaction be 
neutral, while the still more strongly basic protamins are precipi
tated if the reaction be even alkaline, a.nd in this respect the pl'otamins 
resemble the alkaloids, The bases contained in albumin are like
ID8e only completely precipitated by phosphotungstic and sulphuric 
acids. After precipitates have once been formed, they will remain 
permanent only if there be a certain excess of acid, for which reason 

1 0, Cohnheim and H. Krieger, Zdtscltr. f. Biol. 40. 95 (1900); j}1i~nche'Mr 
medizin. Wochenacllr. 1900, p. a81. 
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a precipitate made with phosphotungst.ic acid redissolves on heing 
washed, for some time, with water. The objections \'rhlch v. Rhorer 
has raised agttill~t Erh's estimations of hydrolysis hy means of calcium 
phospllOtungstaw al\" naC -wdid h&:;tl,use the plwsphatullgst<ttcs undergo 
hydrolysis themselves. 

That firm ()r soli!l sahs of alhumin may be djssociated hy 1vat,er 

"",hould always he rememllcreu "when working with albumins. 

Precipitates of albumins contain usually large quantities of other 
hodies, such as inorganic acids and hases, colouring matters, sugars, 
glycogen, lecithin, other alhumins, ferments, etc. These may he re~ 

moved morc OT' less completely by prolonged washing, and therefore it 
was snpJlosctl that ther lrere simply carried down mechanically and 
not hound chemically to the albumins. Jacoby 1 and others, who 
have worked at the purification of ferments, show, however, that thi,:-; 
cannot he the case, ltS the admixtures are held by thc alhumins in 
chemical union, which latter is loosened ,,,henenr hydrolysis tala's 
jlhce. 

In additiotJ to the salts mentioned up tiI1 nmY, others have been 
described, in which the acid or the hase is present in much smaller 
amount, and in which the acid or base cannot be removed so 
readily. Osborne:! investigated the chlorides, dichlorides, sulphatrs, 
and nitrate.:.: of euestin, and the sodil1D1 and potassium salts of 
edestin. He estimates the equiyalent weight of edestin at 14,:-300 
t,o 7000, and stntes that the acid or base is very difficult to rernoye 
eyen after great dilution and prolonged washing. Harnack 3 describes 
similar salts of denaturalised egg-white with copper, \Yerigo of with 
sodium, and both agree in giving the equjvalent weight of ulbnmin 
as 4748. The eqnivalent weight of casein has been estimated, from 
calcium {; and ammonium salts,6 to be approximately 5100 by 
Hammarsten1

7 Soldner,"; and Salkowski.'; In the presence of an excess 
of alkali the equivalent weight of ca.sein, according to Spiro and 

ChcIIl. 30.135, 166 (1900); An:h. f. cxperiment. 
JJlgmeister'8 Beit'l'iigt. 1. 51 ~ 

'J T. B. O~hol'ne . .TaUI'll. Amer, Soc. 21. 486 (1899); J. JllLlISivl. 

('Jl.ello. 33. 241 
:J E. Hamack, 5. 198 (1881); lie!". d. {/(wt6'cll. ckem. (i('S. 23. 3('45 (1890); 

Zeiuc!lx.f physiol. ahelll. 19. 299 (1894). 
oj B. Werigo, FPA1(let's' Arch. /. d. 9(,8. P~Y8ioL 48. 12i (1891), 
s O. Hanllu~ G£.~, d. WtS8. ZIt [,''jJ.c;a,la, 1877; F. SOldner, Dissertation, E.'rlangell, 

1888. 6 E, Salkowski, Zei13chr.J. Diol. 37.401 (1899). 
7 O. Hammarsten.- flea. d. Wiss. JIlt l'p:tala, 1877. 
g F. Srildner, D~tion, Erlangen, 1888. 
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Pemsel, is not more thall 11 'i 8. The numbers given hy Billow 1 for 
the chlorides. and by Chittenden and \\~hitehonse:! for the salts of the 
heav.v metals of egg-white, differ more widely. 

These salts differ from those previously described in possessing 
an appruximately neutral reaction, a fact which also h(dds good fOJ" 
the casein salts, although casein is distinctly acid in its free state. 
Besides the above-mentioned salts, the [Luthors just named des{"rihe 
other salts cont..1.illing a higher percentage of metal and possessing 
a distinctly alkaline reaction. III dealing 'with these salts we haY{' 
to keep in mind two possihilities: the small amounts of acid or of 
hase which are found n~present either 11 last remnant which haR 
escaped hydrolysis, in ,\-hich case the relative constancy of the values 
obtained has to be explained on the ground that the solnbilit.y of 
these t;alts remains fairly constant under the conditions of expcri
mentat.ioIl, or there are differences between the acid or the bailie group):, 
in the cdbumin-molecule, some giving risc to stahle salts, while othl'rR 
undergo extensive hydrolysis. It has already heen mentioned that 
it is possi11e foJ' such Jifferences to exist amongst amino-acids, cven if 
th~ presence of Rulpho-radicals i.-;; left out of account. 

Both amino-acids and albumins may be deprived of tbe] r lxtsicity 
hy mel~nf> of formaldehyde, there heing formed, according to Hlum,:1 
Benedicenti,4 Dchiff/' and Schwarz,'; methylene-uJbumins with markedly 
acid properties. 

A Ihumins and all their derivatives resembling albumin possess, 
without exception, the pO",rer of uniting with acids and with basel:) :1.<; 

kations and as anions; but as in the case of the amino-acids so hm'C' 
either the basic or the acid character may predominate. 

The albumins proper seem to possess a neutral, if anything a sliglttly 
alkaline, reaction. 

~Yuclro-albUiains and m.ucins are strongly acid, as they displace 
carbonic acid from carbonates and as they redden litmus paper; they 
are precipitated by acids and dissolved by alkalies. The same holds 
good, although to a lesser degree, for the nuclco-proteids, with t.heir 
nucleic acid radical, and holds good also for the globulins . 

• Histones, on the other hand, are basic substances which are pre
cipitated hy alkalies and dissolved by acids. Still more strongly basie 

I K. BillOW, p.tli~.ger'8 Arch.J. d. [le.s. Physiol. 58. 207 (1894). 
2 R. H. Chittenden and H. H. Whitehouse, .. Maly's Jahresber.J. Ticrche.lIL 17. 11 

(1887). 
;) F. Blum, Zeitschr.fphysiol. Ohell~. 22. 127 (1896). 
4 A. Benedicenti, Arch./. (Anal. u.) Physiol. 1897, p. 217. 
5 H. Schiff, LidYig's Annalen, 319. 287 (1901). 
6 L. Schwarz, Zeilschr. f. physwl. (Jhem. 31.460 (1900), 
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are the protamin~, which possess, however, a different constitution. 
Both hiswnes and protamins form salts with nucleic acid, which in 
some cases are called nucleo-proteids, 

Albn11los;;s contain acid as well afS basic substances, and react as a 
rule slightly alkaline, 

Sieafril'd'8 11(')40111'8 arc strong acids. On heing dissociated with 
acids they- liberat.e the strong base kyriJ] (see p. 200). 

Special attention is drawn to the fact that any albumin or it,; 

deriva.tive maintains its amphoteric character (see p. 208), however 
acid or however basic it may be, although of course either the acid or 
the basic character will predominate. 

III. THE ]XDIYIDUAL SALTS 

The chlorides, nitmtes, alld sulphates of all albumins are much 
more soluble in water t.han are the l)llre albumjns; they are also 
soluhle in fairly strong alcohol, and differ iu this respect from neutral 
albumins. According to PaaI,1 pepto1le-chlorides are soluhle in 
absolute methyl alcohol, and in mixtures of methyl alcohol and glacial 
acetic acid. According to Morner,~ the crystalline serum~alhlUnin, 
prepared by Krieger's method':' is the sulphate. while the crystalllne 
egg-albumin of Hopkins and Pinkus 4 is the acetate. That gastric 
digestion gives rise to chlorides of the albumoscs and peptones has 
already been mentioned. The salts of albumins with phosphotungstic 
acid and other alkaloidal reagents are insoluble, for which reason these 
reagents arc used as precipitating agents. The peptone-phosphotung
states are soluble in alcohol according to Cremer.:> The metaphosphates.; 
descrihed by Lorenz ti and Fuld 7 show distinct hydrolysis, and they 
have already been mentioned in connection with the nucleo-proteids. 

The salts which albumins form with ammonia, with fixed alkalies, 
and with the alkaline earths, are still more important, because 
the acid albumins, nudeo-albumins, mucinst eta., occur in nature 
a.s such readily .soluble salts. According to Friedrich .Muner, S normal 
mucin is an alkali salt of mucin, while: according to Hammarsten,9 

1 C. Paal, Buicht. d. deutschen cheJn. Ges. 25. II. 1202 (1892). 
'.! K. A. H. Morner, &itsckr. J: pkysid. Clu:m. 34. 207 (1901). 
;; H. Krieger. Strassburger, Disserto.t. 1899. 
J F. G. Hopldn~ aud S. N. Pinkus. JOU1"iJ,. of PhysiolOf/Y, 23. 130 (1898). 
~ M. Creruer, Mii;ndu!ner au. f. Morphol. 11. I:hysiol. 1898, fasciculus III. 
ti R. Lore'liz. ,Pftiig~ Arr.h. j. d. ge..~amte Physiol. 47. 189 (1890). 
i E. Fuld, Jl~~8 Beilrage, 2. 155 f1902). 
8 Fr. Miille., '&1Ueim del' RespindW'ltsorgane; Sitzl!Itgiber. d, (Jes. z. Btl. d. yes . 

.. \T(~tl~rwi8sffiSr;h • .z-u J!a,r/J'wrg, 1896, p. 53. 
il O. Ha.mmars~Ul. 6'esellsch. d. Wissellilch. %'11 Upsala, 1877, Reprillt. 
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Lehmann,1 and others, casein is calcium caseinogenate. The reservc
material in the seeds of plants, the crystalline phyto-vitellines, seem 
to occur always in the form of their calcium and magnesium salts, ~ 
and as such they also crystallise most readily under artificial con
ditions. Osborne 3 rightly points out tha.t observers have frequently 
examined these albumin-salts under the belief that they were dealing 
with pure albumins. 

Albumins form insoluble salts with the heavy metals, and hence 
ferric chloride, copper sulphate, etc., are used for precipitating 
alhumins. (See p. 303.) 

Organic bases will also combine with albumins to form salts: 
Spiro 4 showed that the denaturalised albumin 'albuminic acid,' 
combined with cholin, pyridin, anilin; further, with such basic suh~ 

stances as urethane, urea, thiourea j finally, also with oil of mustard. 
\ The importance of these bases, of the calcium salts, etc., is discussed 

under the heading of Coagulation in Ch'pter VIII. 

IV. THE SALTS FORMED BY THE UNION OF ALBUMINS WITH 

ANILINE DYES 5 

That histological staining reactions are microchemical reactions 
has been held for a long time by Miescher,6 Ehrlich,7 Kllecht/~ 

Knecht and Appleyard,9 Malfatti,lO Mann,ll E. Zacharias,12 Lilienfeld,13 

1 W. Hem~l a.nd J. Lehmann, Pfliiger's Arch. j. d. fJes. Pkysiol. 56. 558 
(1894). 

2 O. Schmiedeberg, Zeitschr. j. physwl. Chem. I. 205 (1817); G. Grtibler, Journ. j~ 
prokl. C'k<m. 181 (2 F. 32), 97 (lB8l). 

:l T. W. Osborne, Journ. oj the Am.el". Chem. &c. 21. 486 (1899). 
, K. Spiro, Zeitschr.J. physiol. Clwm. 30. 182 (1900). 
5 A full account will be fo.md iu Malin's Physiolugical HistoloflY, 1902, pp. 327 ·370. 
6 Miescher, Verh. d. na.twl'/. Gt'lt. in Basel, 6. 138·208 (1874). 
'; Ehrlich, Farbenanalyfische Unte:rsuchungen z. Hist. u. KlinjJc. d. Blutes, Berlin, 

1891, Hirschwald. 
S Knecht, Be:r. d. de?~Uch. che1n. Ues. 21. 1556 (1888); iU?'. Gen. des Mat, Col. 

4. 251 (1900); Ber. d. deutsch. che1n. Gu. 35. 1022 (1902). 
Ii Knecht and Appleyard, ibid. 22. 1120 (1889). See aho Knecht, RaWSOll, and 

Loewenthal, HanJbw;h der Flirberei d. Spin'fljasern, Berlin, 1895. 
10 Malfatti, Ber. d. -natU'I'W. '/Md. Yl!reins in Innslnuck (1891·92). 
11 G. Mann, 'The Embryo-sac of Myosurus minimu.i: a Cell 'Study,' Trans. and 

Proeeed. oj Ikt. Soc. Edinl:nJ.1'gh, 1892, p. 351; 'The Functions, Staining Reactions, 
and Strncture of Nuclei.' Brit. Assoc. j(J1' the Advancement of Science, 1892, p. 753 ; 
Physiological Histology, 1902. pp. 365·369. 

12 Zacharias, BeT'. d. deutsch. bot. (Je8. 11 (1893). 
13 Lilienfeld, Arch. f. 4-nat. u. Pk,ydcl. (1898); and in Zm:tschr . .f. pkysiol. ('Item. 

18. (1894). 
Q 
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\Veber,l Heine,2 Walker and Appleyard,3 Albert Mathews,4 Vignon/' 
Pruu'homme,lJ ",Tichmann,i Gillet,1'l Nietzki,9 Hallit,lO I\1acallum,ll 
Martin Heidenhain,12 Bethe, and others. 

Albert Mathews in 1898 pointed out that albumins and albumosea, 
being weak bases, readily unite with free acids to form salts which may 
be either soluble or insoluble. Thus, on adding to albumin or albumose 
a solution of the free picric acid, metaphosphoric, molybdic, tungstic, 
phosphotungstic, tauric, stearic, or chromic acids, a coagulum is formed 
at once. Should these acids be employed in the form of their salts, 
110 precipitate is formed till by the addition of a few drops of acetic 
or hydrochloric ~tcid the solution containing, for example, the mixture 
of albumose and sodium picrate has been rendered slightly acid. 
l,\-heIW\rer the acid is added the albumose picrate is thl'O\Vll down at 
once, "probably because the acetic acid set::: free the picric acid." All 
the colour acids used by histologist.~ react in exactly the same manner. 
These dyes are employed generally in the form of neutral salts, and 
require the addition of some acidiner, when they at once combine with 
the albumin, forming 11 dense coagulum Mathews obtained in this 
way albumin and albumose precipitates with acid-fuch.".in, acid-green. 
nigrosin, aniline-lllue-black, erythrosin, Congo-red, methyl-bhl€'J sodium 
carminate, and indigo-carmine by ur;ing acid (or alkaline, see later) 
solutions of albumins and alhuITloses. I< This reaction of the acid stains 
indicates beyond doubt that these stains, when in acidulated solutions, 
will enter into chemical combination with the albumose- or albumin-mole
cule like any other acid. Inasmuch as it is possible that the free 
acids enter one or more of the basic NH2-gl'oupS of the albumin-mole
cule, the acid stains also probably enter this group." Colour-baMs can 
also be made to unite with albumin and albumoses: if lead acetate is 
brought into a neutral solution of albumin or albumose nothing happens, 

\ Weber, Journ. of Soc. Cke:ln.lndustr. 13. 120 (1894). 
'" Heine, Zeitschr. /. physiul. Ohem. 21. (1895). 
:. Walktr and Appleyard, Trans. Uhem. Sor. (1896), p. 1334. 
4 .}Iatthews, Amer. JO'/.(r1I. qf PkY8ioJ. 445-454, July 1898. 
~ Vignon, Compt. Rend. 357-360 (1897).; abstract in J. Soc. Chem. Indus. 1014-

(1897). 6 Ptud'homme. Rev. Gim. des. Mat Ool. 2. 213 and 4.72 . 
.. A, Wichmann, Zeuschr./. pkysiol. ahem. 27. 575 (1899). 
II C, Gillet, Rc~·. Gen. des Mat. Col. 4. 1.93·9 (1900). 
~ Nietzki, Chemie d. organisch. Farbstoffc, 1901. 
]0 HaIlit, Journ. Soc. Dyers and Oolouri.'ll$)~15. 30 (1899); abstract in J. Soc. 01>411. 

/ndust. (1899), pp. 368-70. 
II !f~lnrn" /t;Urn. (If Pk!fsiol. 22. 92-98 (1897). A complete 8bstr~t is given in 

Mann's p~ Histology (1902)rpp. 290, 291, 294. 
1'3 M. Reidenhain, Pflliger's Arch. f- d. ges. Physiol. 90. 115 his, 230 (1902), 96. 

44-0 (1903); Alii.'1/.Ch.eJu:r Medb;in. Wockensckr. 1902, No. 11; Zeit8ehr. f. wislJmsrJw,ftl. 
Jlikros!«p. #.~k. Tecknik, 19.481 (1902). 
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but as soon as the reaction of the fluid is rendered slightly alkaline 
with sodium ear bonate, then an insolnble lead-albuminate is thrown 
down. As gelatine and protamin-solutions are not precipitated under 
the same conditions, and a.s they are deficient in the phenol group, it 
follows that in a.lbumin and similarly constituted proteids the basic 
le..'ld radical must join on to the' acid hydroxyl/radical of the phenol. 
Colour-bases used by histologists are neutml salts, being generally the 
chlorides, hydrochlorates, etc., and react as does lead acetate. Thus, 
on bringing together a solution of basic-fuchsin, methyl-green, thioniIl, 
toluidin-blue, safranin, or other basic stains (" with the possible excep' 
tion of vesuvin," which contains a mixture of colour acids and colour 
bases) with a solution of an albumose, nothing happens; uut if a 
similar albumose solution be rendered slightly alkaline with sodium 
earbonate, then a "flocculent, coloured precipitate, consisting of the 
albumose in combination with the dye, is thrown down." 

"These experiments prove that many of the basic dyes enter into 
chemic.<d combination with the albumose molecule when in alk:1line 
f3olutions, forming insoluble coloured compounds,') and "reacting in 
this respect like basic lead a.cetate, prota,min, histone, or other organi-c 
bases. Basic dyes in alkaline solutions may thus be used for the 
rletection of albumins in the cell, and indeed of albumins possessing a 
phenol or tyrosin group." It is thus beyond all doubt that ordinary 
colour acids and colour bases will combine under suitahle conditions 
with albumins and albumoses to form definite salt-like compound$. 
The behaviour of dyes towards coagulated proteid lias heen also 
carefully studied by Mathews, but the reader is asked to consult 
either the original paper by Mathews or the abstract in the author's 
Pkysi%,giC<t/ Histology, 1902, pp, 349,,51. 

Nietzki, in the last edition of his Chemistry oj Organic Dyes, says 
in 1901 : U Certain facts spea.k for the view that the union of dyes 
with fibres i., a salt-like' union, in which the fibre, analogously to an 
amino-acid, plays in the one case the part of an acid, in the other 
case that of a base. Thus rosaniline in the form of its free base 
(carbinol base) is colourless while its salts are coloured. If a skein of 
wool is placed in the colourless solution of the colour-base and the 
solution is then heated, the skein will be stained as intense a red as 
if the corresponding amount of rosaniline hydrochlorate or other 
rosaniline salt had been used." " The fibre in this union plays the 
part of an acid." ~~ That the fibre may play the part of a base towards 
a colour acid is shown in a very instructive manner by the qllinoid
ethylether of tetrahrome-phenol-phthalein, This ether in the free smte 
is pale yellow, and dilute solutions appear almost colourless, while its 
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alkali salts are of an intense blue colour. If one acidify the blue 
solution of this salt with acetic acid till it has become colourless, and 
if one place a skein of silk in this colourless solution, it wiII stain 
an intense blue. )18,ny free colour acids, e.g. the sulphoni(, acids 
of thp amino-azrr-compounds, differ in colour from their alkali salts, and 
as the free colour acids do not stain fibres with their own colour but 
that of their alkaJi salts, it follows again that the fibre must play the 
part of a base. As a rule the fibre is unable to decompose the alkali 
salts of strong colour acids, and therefore, the latter stain, only if by 
the addition of a stronger acid the colour-acid has been liberated." 

Martin Heidenhain (1902) has also carried out a very extended 
serielS of experiments in which he shO\ved that most of t,he dyes used 
for microscopica.l work form coloured salts with the tissue-albumins. 
Salts are formed whencyer soluble or coagulated albumin, either in the 
form of a suspension or in the form of microscopical sections, is brought 
into contact with various dyes. He observed chemical changes which 
were quite as marked as when silver-oxide forms the insoluble silver
chloride on coming into contact with hydrochloric acid. He also 
noticed the amphoteric character of proteids, and gives the fonowing 
examples: The salts of the Nile-blue-base are blue while the 'free acid 
is red; on Lringing together the red base with a solution of an albumin 
there is formed the blue Nile-blue-albuminate in exactly the same way 
as if an acid had been added to the Nile-blue-base. Reversely the f~ee 
Congo-acid is blue, but it becomes at once red when a solution of 
albumin is added. Solid proteids, e.g. microscopical sections, also 
become red on being placed in a solution containing the blue acid. 

The laws of hydrolytic dissociation hold, of course, good for 
coloured salts also. The acid dye-stuffs act best in acid media, for in 
neutral solutions the albumin-dye-compound undergoes hydrolysis, and 
therefore, according to the strength of the colour acid, no or only very 
little staining takes place. An excess of acid, by preventing hydro
lysis, allows the albumin-dye-compound to remain insoluble, and there
fore the albumin appears coloured .. Here again the behaviour of an 
albumin towards Congo-red is very instructive, for the Congo-red
albuminate will show the bright red salt colour, even if the solution has 
been rendered distinctly acid by the addition of acetic or of hydJ;O
chloric acid. The converse holds rust) good, for albumin coa.gula staiu 
blue in an alkaline, red solution of Nile-blue. 

ID Hoi~.n's papers will be found many .xample. illustrating 
the laws'tf 'dissociation. Some of the aniline dyes, pal"ticularly the 
acid ones, fprm with albumins insoluble salts, and therefore precipitate 
albumins JIIoalkaloidal r ... ~ents. (See above. D. 226. under Mathews.) 
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As these precipitates are deeply coloured they serve as delicate tests 
for the detection of albumins. 

Attention has already been drawn to the fact that albumins differ 
from OTIC another chemically. As all albumins are both basic and acid 
in their character, they must unite with whatever colour is offered to 
form coloured salts, and one finds indeed in most cases that tissues 
are stained at .first in a diffuse manner, but that the stain is not uni
formly resistant to after-treatment. If, for example, we have used a 
basic colouring matter, such as methylene-blue, then on washing the 
tissue, the salts which methylene-blue has formed with the feebly acid 
(more basic) albumins will become hydrolysed to a greater extent than 
will the salts which have been formed with decidedly acid albumins. 
The more basic albumins becoming hydrolysed Pal-t with the methy
lene-blue, and so become colourless, while the acid albumins form in
soluble, 'permanent) compounds. If flocculi of coagulated neut.ral egg
albumin and of acid casein are suspended in alcohol, if Congo-red and 
Nile-blue are added simultaneously, if the solution is rendered a.lter
nately acid and alkaline, and if the coagula are well washed out, the 
casein will be found to have stained blue with Nile-blue, while the egg
albumin is stained red by the Congo-red. Fixation coagulates the 
tissues, but does not alter their chemical character (see Chapter VII.); 
if anything the differences between various proteids are accentuated 
by the use of acid fixatives or of formaldehyde, which weakens the 
hasic character. Maschke 1 in 1859 was the first t() employ carmine 
and indigo carmine, besides iodine, for staining albuminous substances. 

The tissue constituents which stain most readily with basic dyes 
are the nuclei, mucus, cartilage, amyloid, and yolk constituents, for 
they contain strongly acid radicals in the nucleic acids, nucleo-proteids, 
mncins, mucoids, and vitellins. 

Space forbids to discuss the chemistry of the hardening and staining 
methods employed in histological research. These questions have been 
dealt with for the first time in a systematic manner in the author's 
book,' after previous attempts (Heine 3) had met with difficulties. 
There cannot be any doubt that the elective staining of tissues depends 
on differences in the basicity and acidity of the proteid substances. 

To say that staining depends on differences in the coefficient of 
distribution means nothing) for the question we have to answer is 
what causes the difference in the coefficient, and this is undoubtedly 
due to differences in the chemical nature of the two media, amongst 
which· the dye distributes itself. (The author's Physiological Histology.) 

1 O:Maschke, Botanikerzeitung, 17. 21 (1859). 

2 Gustav ~~n,:'~~#~_~U~~!{:I~~~:::" }:::7!'~a~~fOrd. 1902. 



CHAPTER VII 

llALOGEN-ALBUJ.UN.8 AND PRODUCTS OF OXIDA'l'10N 

ALDEHYDE- AND IkON-CmIPOUNDS 

FOLLOWING up the older observations of Rahm and Berg,l halogell
compounds of albumins have been prepared by I~lum,~ Hofmeister,~! and 
his pupils Kurajeff,4 Liebrecht, [; Hopkins, U Sehmidt,7 and Oswald. B 

Baumann/' Dl'echsel,lo and Harnack 11 have shown iodine-albumins or 
iodo-albumins to occur also in nature: in the thyroid gland of verte
brates and in the supporting framework of sponges and corals-. 

Halogen-alhumins arise, as Blum and Hofmeister have shown, by 
the replacement of one or of seveml of the hydrogen-atoms in one or 
several of the aromatic radicals of an albumin, by fluorine, chlorine, 
bromine, or iodine. Products formed in this way behave as do the 
halogen-substituted benzoles: they do not give a precipitate -with silver 
nitrate, and the halogen can only be demonstrated chemically by 
incinerating the compound. 

Iodo·Albumins 

Blum and Hofmeister iodated albumins by a.llowing a mixture of 
potassium iodate, KIOs, and potassium iodide, KII to act on albumin 

} R. Biihm and F. Berg, Arck. f. experiment. Palhol. u. Pkarm. 5. 329 (l876). 
\I F. Blum aud W. Vaubel, JoUTn. J.pral¢. Chem. [2] 56.393 (1897), [2] 57. 365 

(1898); F. Blum, ZeitschT.j.physi(ll. Chern. 28.288 (1899). 
:I F. Hofmeistar, ibid. 24. 158 {1B97f. 
4 D. Kurajeff, ibid. 26. 462 (1899), 31. 527 (1901). 
/j A. Liebrecht, Ber. d. deutsch. chent. Gea. 30. II. 1824 (1897). 
6 P. G. Hopkins, ibid. 30. II. 1860 (18971; F. G. Hopkins and S. N. Pinkus, wid. 

31. II. 131\ (1898). 
7 C. ,H. L. Schmidt, Zeitsckr. f. p1q;siol. (Jlwm. 34. 55 a.nd 194 (19M). 85. 886 

(1902), 36. a4S (lW2). 
8 A. 0I'Wald, Hofmeisler's Beitrage:3. 391 (1903), 3.514 (1903). 
Y K Ba.uma.nn,. Ztitschr. /. physiol. (]hem. 21. 319 (1895); E. Baumann and E. 

Roos.,ibid'. ~U~.4-81 (1896); E. Ba.umann, ibid. 22. 1 (1896). 
11> Drechsel;' ~r. /. Biol. 88. 84 (1896). 
" ~ ~ ...... ~~ '"~-~, 
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at a temperature of 40_50 v
• One portion of the iodine is substituted 

for the hydrogen in tho aromatic group as already explained, while 
another portion is converted into hydrogen iodide) HI. To prevent 
the latter from dissociating the albumin, Hofmeister adds magnesium 
carbonate, !'.IgCO:r Blum adds, from the very commencement, an 
excess of sodium bicarbonate, NaHCOa. 

The iodo-albumins are brown loose powders, not soluble in water, 
alcohol, or acids, but very soluble in fixed alkalies, amlhonia, and 
alkali-carbonates; they are precipitated from their solutions by acids; 
but pass again into solution if too much acid be added. They are 
precipitated in the same way as are other albumins; as to colour 
reactions they give positive results with the biuret, the xantho-proteic, 
and Molisch's tests, but negative results with the tests of Millon and 
Adumkiewicz, and also with the lea.d sulphide reaction. Apart from 
the iodine, these proteids do not differ essentially from other albumins 
in their percentage composition j the sulphur content is not altered. 
lodo-casein contains phosphorus, according to Liebl'echt; the iodo-hremo
globin, according to Bohm and Berg and Hopkins and Pinkus, also iron. 

The amount of iodine contained in albumins varies. For 
approximately pure albumins, the fonowing numbers are given :-

The 

Serum-albumin (Kurajeff) 
Serum-globulin (Hopkins) 
Hremoglobin (Kurajeff) 
Egg-albumin (Hofmeister) 
Egg-white (Blum) 
Muscle-albumin (Blum) 

(Kurajeff) 
Caseinogen (Blum) 

(Liebrecht) 

" (Oswald) 
Gelatin (Oswald) 
Thyra-globulin (Blum) 
Nucleo-histone (Blum) 

iodo-egg-albumin possesses 
composition ;-

C H N 
47'92 6-6 14'27 

according 

S 
1-26 

Percent. 

12 
13-14 
11-12 
8'93 
7"1 
10-11 
II 
7-7·5 
5'7-8'7 
11-13 
1'3-2'0 
6-6'6 
11'22 

to Hofmeister 

8'93 

the 

From this percentage composition Hofmeister calculates the 
formula:-
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In addition to the &bove, other albumins with a much higher 
iodine-content also exist, the halogen being partly in the above de
scribed firm union and partly in a very loose combination. To this class 
belongs the periodo-casein of Liebrecht with 17 '8 per cent of iodine. 

The iodine-compounds are believed to be formed in the following 
manner: In the aromatic groups of the albumin-molecule, i.e. in the 
tyrosin, tryptophane, and phenylalanin radicals, iodine is substituted 
for several of the hydrogen atoms. By employing the same method 
of iodising, as described above, Oswald prepared from tyrosin a tri-iodo
tyrosin. That phenylalanin takes up iodine as well as does tyrosin, 
Oswald proved by iodising hetero-albumose and gelatine, for these two 
substances do not contain either tyrosin or tryptophane. He proposes 
to make use of the iodine-number, which is readily determined, for 
estimating the amount of aromatic groups present in an albumin. This 
is permissible, hecause, as far as we know, no other groups but the 
aromatic ones will unite with iodine. The negative results obtained 
with the reactions of Millon and Adamkiewicz are not to be explained 
on the ground that the hydroxyl-group in tyrosin has been sub
stituted, for Blum and Vaubel have shown that tyrosin and other 
substances with similar constitution do not gjve Millon's reaction, if 
halogens have been substituted in both ortho- or in both meta
positions. Millon's reaction is obtained again if the halogen is split 
off under a pressure of 5 to 6 atmospheres. The iodo-albumins 
behave in exa.ctly the same way. 

Little is known as to the other changes which are produced in 
proteids by iodisation, but distinct differences are induced according 
to the temperature used, and acoording to the duration of iodisation. 
A certain amount of disintegration of albumin is, however, unavoidable 
when using the methods of :B1um and Hofmeister, even if the greatest 
care is taken by iodising at 40°, and by keeping the alkaline reaction 
as feebl~ as possible. The formation of hydriodic acid, HI + H20, 
speaks in itself for an oxidation of albumins; according to Vaubel 1 

and Schmidt the amounts of iodic and broJ?llc acids formed give 
iodine- a.nd bromine-numbers, which are quite characteristic for the 
different albumins. The negative result obtained with the lead 
sulphide reaction shows that the sulphur must have become oxidised 
or have been changed somehow. Sehmidt observed that the splitting 
off of amino-groups differed with individual albumins; he also noticed 
the forma.ti~ 'of iodoform, formic, acetic, a.nd carbonic acids. The 
ratio C{;''N is unchanged. in serum -albumin, while it is greatly 

1 w. v~. Ze:itBcJvr. j. analyt. Ohem. 40. 470 (l901); .allcotlling to Ohem. 
Zentrtdbl. 1~ II. p. 711. 



HALOGEN-ALBUlIINS 233 

diminished in egg-albumin. Iodo-albumins are affected very slightly 
by acids. \Vhen working with haemoglobin, Kurajeff noticed that 
haematin is also iodised. 

By peptic and tryptic digestion a portion of the iodine is !5plit off, 
according to Hofmeister and Kurajeff, and there are formed iodo
u.lbuIDoses and iodo-pept,oDes. Oswald succeeded in iodising all the 
albumoses of Pick, and in addition peptones and an abiuretic body, 
which was probably a peptid. 

Betero-albumose contains 10'27 per cent iodine, and prot-albumose 
12'48 per cent.. Thill slight difference is very remarkable, as the 
prot-albumose contains t,he whole of the tyrosin and tryptophane, 
while the hctero-albmnoBB conta.ills only pllenylalanin. Amongst the 
products of tryptic digestion, besides tyrosill, yet another substance 
could be iodised. 

During metabolism the iodine is completely split off and excreted 
as alkaH-iodides. Only if very large a.mounts of iodised proteid are 
administered, does SODle pass unchanged into the urine. 

From the physiological standpoint iodised albumins are indifferent 
inasmuch as they produce only such effects as can be obtained with 
the salts of iodine, but iodised albumins are metabolised more slowly 
than are simple albumins, according to Falta.1 Dissociation with 
acids liberates iodine as does ferment action; on dissociating a 
chlorine-casein compound by means of fuming nitric acid, Panzer 2 

observed chlorinated fatty acids besides and in place of the usual 
amino-acids. There is also formed according to Hofmeister and 
Oswald an iodised body with the properties of a peptone, which could 
not however be obtained in a pure forID. Liebrecht has prepared 
casco-iodine from iodised casein; both resemble one another in their 
reactions. The' iodalbacid' of Blum belongs, according to Oswald, 
also to this group of substances. 

Amongst the iodo-albumins occurring in nature, the one of the 
greatest importance to us is the thyro-globulin of the tl1yroid gland, 
which was discovered by Baumann, and more fully studied by 
Oswald 3 in Hofmeister's Institute. It contains only 1'75 per cent 
of iodine, therefore much less than do the artifieial iodine-proteids, 
but it i. capable of being still further iodised according to Blum. 
Being les. iodised it i, les, acid than are the completely iodised 
albumins, but otherwise it has the same reACtions. The peculiar 
physiological action of the thyroid gland is connected with the thyro-

1 W. Falta, Natwrf. Gu. w, BaBd, XV., No.2 (1903). 
2 T. Panzer, Zeitschr. /. plvysiol. aMm. 33. 131 (1901). 

3" A. {}tIwald, 00. 27. 14 (1899), 32. 121 (19Q1); (here also the literature). 
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globulin, but HODs 1 has shown, in opposition to Blum,2 that the 
physiological activity is independent of the iodine-content of the 
thyroid gland. 

Iodothyrin is a dissociation-product of the thyra-globulin, and 
is comparable to the caseo-iodine mentioned above. It was prepared 
by Baumann directly from the thyroid gland, and by Oswald hy 
dissociating tbyro-glohulin by means of acids; it contains 14:'2 pef 
cent iodine, is insoluble in water and acids, but soluble in alkalies. 
It still possesses the physiological properties of thyro-globulin. 

Drechse1 3 found in the fmmework of a coral, the Gorgonia carolinii, 
an iodised kern,tin, the gorgonin. Mendell oj. bas found iodine al~o in 
other 'Yest Indi[1.ll species of corals. Gorgonin possesses the properties 
of keratin, hut contruns nearly 8 per cent of orga.nically bound iodine, 
while probably an even much higher percentage ,vi1l he found in the 
older, firmer portions of the framework. The crystalline dissociation
products of gorgonin are gi\'cn in the table on p. 73; hesides these 
there is also formed, when gorgonin is dissociated ",rith acids, the 
iodo-gorgollic acid, which Drechsel believed to be iodo-amino-butyric 
acid, a view which, however, is not confirmed by Henze.o 

Sponges also contain an iodo-albumin according to Baumann/\ 
Harnack,li and HundeshagcIl.' From this iodo-albumin Harnack pre
pared iodo-spongin having this percentage composition;-

C 
47"66 

H 
6·17 

N 
9·93 

S 
4·54 9·01 

o 
22·69 

It is not a proper iodo-albumin, but a product split off from 
the original substance, which explains the, even for a keratin, high 
percentage of sulphur, the low N -value, and the absence of the 
biuret-reaction. The lead sulphide reaction is positive, but no other 
albumin reactions are obtainable. It is worthy of notice that the 
ra.tio I: S is the same for the whole sponge as it is for the iodo
spongin-Hthat therefore in sponges the iodine is only absorbed by 
the sulphur containing radical~ of the orgauic matter." By weight 
iodo-spongin forms about one-sixth of the total unaltered molecule. 

1 E. Roos, Zritschr. J. phYIMl. (]Mm. 28. 40 (1899). 
t F. BlUm, Pflilg(!:r's Arch. J.d. ges. Phys. 77. 70 (1899); [see also.A. Oswald, ibid. 

19. 450 (1900)]. • 
3 E. Droohsd, Zeitacllr.f. Biol. 88. 84 (1896) . 
.. L. B. Mendel".4Mer. Journ. oj Physial. 4. 243 (1900). 
, M. H...., -.t. phy.wl. (J/wm. ~8. 60 (1903) . 
• E. Harnacl<, ;ma. 24. 412 (1898). 
7 F. Hundeahagen, Zeitsc/t;r. f. angew. aMm. 1895, p. 478; according to C/reJn. 

Z",,'ralbl. 1895, p .• 0. 
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From the biological point of vieW' it is interesting that sponges, 
corals, and the thyroid glands of tnammals possess the power of 
de-ionising and of storing in large amounts iodine, which is offered 
them in minimal quantities and in the state of an ion. That 
gorgonin and iodo-spongin are by no means examples of maximal 
iodisation is shown by the observations of Hundeshagen, l who found 
in tropical horny sponges 8 to 14 per cent of iodine, while the 
ordinary bath sponge contains on the whole only 1'5 to 1'6 per cent. 
Y Dung sponges and corals, and the thyroid glands of young animals, 
contain considerably less iodine. 

Other Halogen-Albumins 

Blum and V aubel ~ and Hopkins 3 have sh01vn that the otber 
halogens-bromine, chlorine, and fluorine-may be introduced into the 
albumin-molecule quite analogously to iodine. Generally speaking, 
the method was the same as in iodising; chlorination was performed 
a.t room-temperature j Blu.m ha.s introduced ehlorine also electroly
tically. The halogen-content of albumins prepared in this way 
corresponds with that of iodine; for egg-albumin were found by-

Hopkin~_ Blum. 

6'2 per cent Iodine. 6-7 per cent Iodine. 
3'84 Bromine. 4-5 Bromine. 
1 '93 l:hlorine, Chlorine. 

1'2 Fluorine, 

A number of fluorine compounds have been prepared by Gans. 4 

In addition to the bromine-albumins just mentioned, Hopkins and 
Pinkus have also prepared more highly halogenated bodies with more 
loosely bound bromine, corresponding to the per-iOOn-casein. They 
found the following maximal percentage values-

Egg-albumin, crysu.l!ised 12'6-16'43 
Serum-albumin 12'15-12'94 
Serum-globulin 13'53-14'03 
Casein 
Albumoses 

lI'!7 
16'3-17'63 

According to Harnack many of the technically prepared halogen 

1 F. Hundeshagen, Zeitschr. J. angtw. Chem. 1895, p. 473; according to OJ~. 
Zentra1hl. 18~5, p. 570. 

>1 F. Blum. and W. Vanbel, J(}'Urn. f. praJd. Ohcm. [2] 56. 393 (1891), 57. 365 
(1898). 

:J F. G. Hopkins, Ber. d. deutSM. chem. Ge8. 80. II. 1860 (1897); F. G. Hopkins 
and S. N, Pink.., ibiil, 31. II, 1311 (1898), 

4 L. W. Gans, Paieniclri./t, CMm.. Zent,.albl. 1001, I. P. 148. 
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albumins are similar bodies containing a large amount of halogen, 
which is, however, readily split off. 

Habermann and Ehrenfeld 1 and Panzer 2 have allowed nascent 
chlorine to act. on albumins, when one part of the albumin is 
dis!;ociated, while another portion, still albuminous in nature, has 
chlorine substituted for hydrogen. This substituted product contains 
no sulphur, is strongly acid, and of a reddish brown colour. (See 
also p. 96.) 

The brominated and chlorinated albumins are, also, brown or 
greyish powders resembling the corresponding iodine-compounds as 
regards solubility, precipit<ttion, and colour reaction&. The same 
holds good for their behaviour during metabolism; physiologically 
they are indifferent or produce the same effect as would the corre
I5ponding chlorine and bromine salts. Nothing is known regarding 
their occurrence in nature, apart from a remark of Drechsel's, that 
fI, chlorinated albumin exists along with an iodo-albumin in the 
skeleton of GOTgonia. 

Nitro-substitution Products 
.rust as it is possible to introduce halogen-radicals into the 

albumin-molecule, so is it possible to substitute nitro-groups, as was 
done first by LOW,3 and quite recently in a. very thorough m~nner 
by v. Furth.4 LowS calls his products tri-nitro-albumin and 
hexanitro-albumin-sulphonic acid. By adding urea to the nitrous acid 
and so preventing the formation of nitric acid, v. Furth obtained a 
nitro-casein having the following percentage composition :-

C 
52'6 

H 
6'69 

N 
15'87 

NO, 
1'78 

S 
0'64 

P 
0'56 ° 23'64 

Without the addition of urea a progressive dissociation takes place, 
xanthoprotein being formed, besides large amounts of albumoses and 
paptones1 which generally are also nitrated. We therefore meet 
with the same cha.nges as when we studied all the other dissooiation
products on p. 94. The xanthoprotein and the other nitro-substitu
tion products a.re acid in character and possess a yellow colour which, 
on adding a fixed alkali, is convert~d into a reddish-brown. The 
xanthoproteic reaction depends therefore on the formation of nitro-

1 J.' Ha~ and R. Ehrenfelq, Zeitsen .. r. /. physiol. OMnt. 82. 467 (HWl); 
R. EbnnleIiI;'i'&id. S4. 566 (1902). • 

, T. Panzer. ilM. 33.131 (l90i). 33. 595 (l901), 34. 66 (1901). 85. 84 (1902) . 
• O. ·w", ...... f. 1"''''''. 0Mm. [2]3. 180 (1871), (2]5. 483 (1872) . 
.. O. v. ~ Billlll1M1r:"ng wn SalpdlN'Nd-wre auf 1j}i;wei,B8irWife, Ha.bilitations-

0.'\"";# Qt. ...... "h ... _,. 1 QQQ fh ....... "l"n fl ...... 101 .... lib>_h._\ 
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substitution products. 'Vhen nitrating albumins, the sulphur is aliso 
oxidised, and therefore no lead sulphide reaction is obtained, although 
both xantholJrotein and the nitro-albumoses retain the whole of their 
sulphur. The reaction of Millon gives negative results, because the 
nitration takes place in the tyrosin groUp.l In other respects the 
nitro-substitution products give the usual proteid'reactions. 

Xanthoprotein on being dissociated with acids yields leucin, 
glutaminic and aspartic acids, and the nitro-substitution product xantho
melanin (see p. 95), derived from the original tyrosin. By peptic 
a.nd tryptic digestion are liberated nitrated albumoses and peptones. 

PhysiologicaHy, xanthoprotein is not indifferent, because 50 g. 
administered to a. dog by the mouth produce symptoms of poisoning, 
which apparently are due to the xatlthoprotein as a whole and not 
simply due to the nitro-groups. In the urine, xanthomelanin, or an 
allied body, is found. 

Oxyproteic Acid or Oxyprot-sulphonic Acid 

Bechamp 3 was the first to study the effect of potassium permangana.te 
on albuminous substances, and to point out that oxidation gives rise 
to urea. This statement, after a. great deal of controversy, has been 
now definitely settled by Kutscher and Zickgraf.2 Bechamp 3 was 
followed by Subbotin 4 and Pott,'s of whom the latter isolated from the 
conglutin of lupines an acid baving the following percentage com~ 
positions :-

C 
45'44-45'53 

H 
5'84-5'88 

N 
13'06-13'31 

o 
35'32-35'62 

Chandelon 6 used for oxidising albumin, barium peroxide, which was 
suspended in the solution and then decomposed by COT The nascent 
hydrogen-peroxide ehanged the albumin into an aeid aUMtanee, which 
could be precipitated from alkaline solutions with acids. He further 
obtained propeptone and peptones. 

Briicke 7 also discovered a peculiar acid giving the biuret reaction, 

1 That pure tryptophane gives Millon's reaction bas been Jl(linted out previously. 
2 Kutscher and Zickgraf, Sum. d. kgl. yrtu8S. Akad. d. Wisa. 26th May 1903; 

Zickgraf, Inaugural Dissertation, Marburg, 1904; Zeitsa4r. f pkyM. 0Mm. 41. 259 
(1904). 

3 Becbamp, Leihig'/J Anft. der Chern. und Pharm. 100. 247 (1856). 
~ &bbotin. OIwm. Oentralbl. ]865, p. 594. 
~ 1?ott, JO'Urn, f. prakt. C1tem. [2] 5. 355 (1872). 
6 Cba.ndelon. Ber. d. deutsch. dwtn. OM. 17. 2148 (1884). 
7 E. Brticke, Sitzungsber. d. Wien. Akad., Math.·naturw. Kl., Ill. Abtell., 83. 

(1881), January and February. 
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but not the xantho-proteic test nor the t,ests of Adamkiewicz, Millon, 
or Liebermann. 

Maly 1 then showed that Brueke's acid, which he called oxy-prot
sulphonic acid or Dxyproteic acid, was obtained from egg-white by 
oxidising the latter at room -temperature witb half its weight of 
KMn04,; precipitating the filtrate with acid, and drying the precipitate 
at a low temperature. 

This oxy-prot-sulphonic acid llsd the percentage composition-

C 
51-21 

N 
14'5D 

S 
1'77 

In the pure condition it is It loose, white, non-hygroscopic powder 
with strongly acid properties,~in::;oluble in \""ater and salt solutions, 
but very soluble in alkalies, and precipitated from its solutions hy 
acids. The property last mentioned is used for purifying this acid, 
but ~xcess of strong add must be avoided as otherwise the precipitate 
re-dissolves. In faintly alkaline solutions the precipitation-limits for 
oxyprot-sulphonic acid, prepared from crystalline serum-alhnmin, lie 
between 2'8 and 4'2 per cent saturated ammonium sulphate, and 
there seem" to be another substance, present in small amount'l, having 
precipitation limits between 4-8 and 6'4 per cent. 

}'urther oxidation of oxyprot-sulphonic acid with KMnO 4 resulted 
in the formation of a pluri-basic acid rich in oxygen, which was called 
peroxyproteic acid, with the percentage composition-

H 
6'43 

N 
12'30 

S 
0'96 

o 
34'09 

Maly believed this compound to be formed by albumin taking up 
oxygen without undergoing any other change, Calculation showed 
each sulphur-atom to be associated with 71 O-atoms and 20-22 
CO-groups. 

Permcyproteic acid gives a strong biuret reaction, and is not pre
cipitated by alkaloidal rectgents sucb as phospho-tungstic acid, mercury, 
potassium-iodide, or tannic acid. When treated with baryta water at 
a gentle heat, it gives rise to large quantities of barium oxalate) and 
traces of barium sulphate. On being boiled for several days with 
baryta water there were obtained--ammonia, glutaminic acid, leucir., 
formic~ acetic- and benzoic-acids, and a 'Compound which Maly believed 
to be i~oglyceric acid. This last compound was not obtained from 
gelatine, on oxidising the latter with double its weight of KMno.,l' 
while all the' other oxidation-products were got. 

1 R. Maly, Umersudl,ungell iJher du Oxydation des Eiweisa 'IIoittds KaliU1n

p"""'ngaMt, Mf!t..t,h.f, ahem. 6. 107 (1885), 9. 258 (1888), 10. 26 (1889). 
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Siegfried, J on hydrolysing oxyprot~sulphonic acid with Hel, obtained 
bases which could be precipitated with phospho-tungstic acid. The 
platinum salt had the formula CSH22.NZ03CI6Pt, while a silver salt 
consisted of C6H1SN30Z' NHOa , AgN0s-

Subsequently Bondzynski amI Zoja, Z working under the direction 
of Bunge, used purer materitJ.l and obtained for oxyproteic~ or oxy
prot-sulphonic acid the following percentage figures :-

C H N S 
Crystallised egg~ 

albumin 50'73 7'02 ]4'70 
Hremoglobin of 

the horse .02'32 6'96 16'04 
Caseinogen (Ham-

marsten) 49'11-52'07 G'3D-i'JO 14'63-]4'99 0'71-0'76 

Bernert,3 Ehrmann,4 and Y. Furth [J have continued the investiga
tion of Maly's products in Hofmeister's Laboratory. 

I~ernert 11118 split up oxyprot-sulphonic, prepared from egg~a1bumin 
by means of fractional precipitation with ammonium sulphate, into 
two fractions, both of which gave negative results with the xantho
proteic test and the reactions of Millon and Adamkiewicz. Vlhen 
they are dissociated by means of Hel they gave rise to leucin and 
aspartic acid, but not to tyrosin. \Vhen fused with KOH, free fatty 
acids and pyrrol, but neither indol nor skatol, were obtained. Maly's 
view that oxyprot-sulphonic acid consists of albumin which has simply 
become oxidised is disproved by the fact that after precipitating and 
filtering off the oxyprot~sulphonic acid, Bernert found albumoses, 
peptones, fatty acids and basic products in the filtrate. 

The sulphur seems to be in a peculiar state; Maly and Bernert 
failed to obtain the lead sulphide reaction, and assumed therefore that 
the whole of the sulphur which is usually split off as the sulphide was 
oxidised. Schulz 6 found, however, that oxyprot-sulphonic acid still 
contains 0'33 per cent of detachable sulphur. This amount is less than 
that usually split off, and therefore it would appear tha.t that sulphur 
which under ordinary conditions is most readily split off is exactly the 
sulphur which is changed by oxidation, and hence the negative results 

1 Siegfried, Ber. d. rkuisch. chem. Ges. 24. 418 (1891). 
2 St. Bondzynski and 1.. Zoja, tIber die Oxydaticn der Eiwei36sto./fe mit Kalium· 

pe;rmanganat, Zeitsckr.f. physiol. Ohem. 19.225 (1894), 
a .T. Bernert, 1Jber Oxydation 'OOn Eiweiss mit XaUumpermanganat, ibid. 26. 272 

(1898), ~ 

4. Ehnnan, Uber die Pm-oxyprotsauren, InanguraI Dissertation, Strassburg (1903). 
r; 0, v, FUrth, ZeiJ.srJt'r,j. physwl. fJkem. 44. 279 (1905). 
6 F. N. Schulz, Wid. 29. 86 (1899). 
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with the lead sulphide test. The percentage composition of sulphur 
is not altered by oxidation. 

By oxidising oxyprot-sulphonic acid with KI\in04 at room-temper
ature, ncutralising the resulting fluid with acetic a.cid and then pre
cipitating firstly with lead acetate and suhsequently with mereuric 
acetate, Bemert obtained two fractions, which he called peroxyproteic 
acids A and B. The compound B gives with phosphomolybdic and 
phosphotungstic acids dense precipitates soluble in an excess of HOI; 
mercury-potassium iodide, picric a.cid, and tannin do not cause a 
precipitate; with silver nitrate a precipitate is obtained which is 
soluble in both ammonia and in nitric acid. Boiling with baryta 
water yields with the B-fraction leucin, acetic and butyric acids, and 
proba.bly pyridin, ",,-hile the A -fraction gives in addition glutaminic 
and benzoic acids and benzaldehyde. 

Ehrmann, using the same method as Bernert, obtained from serum 
albumin and casein also two peroxyproteic acids, neither of which could 
be precipitated by such alkaloidal reagents as phosphotungstic acid, 
or by means of mercuric acetate or nitrate. 

The ratio of C : H : N : 0 was the same in Ehrmann's acid as in 
MaIy's acid. 

Peroxyproteic acid of Maly 
Ehrmann'i silver salt 

N 

O. v. Furth has made the most thorough examination of Maly's 
compounds. Peroxyproteic acids were prepared from defatted casein, 
which in the course of some weeks was gradually oxidised by KMn04 
in an alkaline solution. 'Vhen oxidation was complete, the clear 
yellow filtrate was treated with glacial acetic acid till it was just
alkaline, and was then precipita.ted with an excess of lead acetate. 
The heavy precipitate, consisting for the greater part of lead oxalate, 
was suspended 'in water and decomposed while warm with HzS. As 
tho peroxyproteic acid adheres firmly to the lead sulphide, the latter 
had to be extracted with bot water 6 to 13 times, the sulphide after 
each extraction being suspended in water, and again saturated with H2S. 
The combined filtrates were freed from H,S by passing air through 
the solution; the oxalic acid was removed by means of barium 
hydrate, and the excess of barium with CO2, Then the solution was 
precipitated With ~r nitrate ; the ... silver precipitate .suspended in 
water and deOOlli)IIJsed with H,S;. the filtrate inspissateq at 50", and 
then dried in vaooo over H,SO" The resulting mass, looking like 
varnish, was callIJiIf.' Peroxyproteic acid A.' The filtrate from the 
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AgNO;l precipitate is freed from silver with H~S, the latter removed 
1)\· a current of air; the solution is then neutralised 'nth NaOH and 
p~ecipitated \Vith mercuric acet..1,te. By decomposing the mercury 
precipitate ,,·ith H2S there is obtained the' Peroxyproteic acjd B.' 

The filtrate remailling from the first lead precipitate was theu 
precipitated with mercury acetate, On decomposing the voluminous 
precipitate with H2S, there ·was obtained' Peroxyproteic acid C.' 

All pcroxya,cids are readiI,v soluhle in "Yater, slightly soluble ill 
dilute alcohol, insoluble in (;I,cetone and ether. The ·watery solution 
giycs an intense hiuret reaction, hut no xantho·proteic reaction, nor 
the tests of :Millon or Hopkins or the lea,(l-sulphide reaction. 

Phoi:\pho-tnngstic [t("jd in the presence of a tmce of HC} giycs a 
yoluminous precipitate j if too much Hel iCi present no precipit[1te is 
formed, and if no Hel is present the precipitate first formed dissolres 
in an excess of the phospho-tungstic acid. Phosphomolyh(lic acid 
precipitates 10 a lesser degree, and the other a1kaloidal reagents do not 
precipitate at all. Mercuric acetate awl nitrate give a voluminous 
precipitate insoluble on heating and in acetic acid, hut readily soluhle 
in HCl. .Mercuric chloride does not precipitate. Silver nitrate added 
to the free acid causes no precipitate, hut on adding haryta water, 
drop liT drop, a 1rhite precipitate, soluhle in acetle acid and amm<lnia, 
is formed. A neutral salt of a peroxyproteic acid is precipitated directly 
with AgN Ow Lead acetate causes a prccipita,te soluble on warming 
<Llld in acetic acid. 'Yhen heated with copper-acetate green flocculi 
ate separated out, which are soluble in NH3 , with a deep blue, and in 
:!\OH with a biuret-colour. Ferric chloride gives a gelatinous pre
cipitate insoluble in acetic acid, but readily soluble in HCr. Zinc- and 
till-chlorides do not precipitate. 

\Vith calcium and barium carbonatc, magnesium and zinc oxides, 
or by neutralisation with sodium carbonate anu ammonia readily 
soluble, non-crystallisahle salts are formed. No insoluble compounds 
Were obtained with benzoyl-chloride, benzoyl-sulpho-chloride, and 
naphthol-sulpha-chloride and alkali. 

The peroxyproteic acid" Band C differ from A in their behaviour 
towards nentral and basic-lead acetate and sil1'er nitrate, as C is not 
precipitated by either of these, while B is precipitated by lead-acetate 
hut not by neutral lead-acetate and AgNOs. 

Peroxyproteic acid eaters were obtained by boiling t.he dry peroxJ
proteic acids with alcoholic HOI (1 part of alcohol saturated with 
gaseous HOI to 10 parts of absolute alcohol) for one to two hours in a 
reflux boiler. The alcohol was remo"cd by distillation in a vacuum 
under 30-40 mm. pressure, and the syrup-like residue kneaded with 

R 
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From this last complexl hydrolysis would giye rise to oxamid 
oxaminic acid, oxalic acid, and ammonia.. 

0 0 0 
7;' / / 

C-XR2 C-OR C-OH 

I I I 
C-KH, C-KH, C-OH 

"" '", 

"" 0 0 0 
Oxamidr'. oxaminic acid, oxalil' aci,L 

Oxamide waf' first ohtairwd hy Liiw 1 on oxidisillg egg-alhmll 
with K.Jln0

4
. lIe believed the oxamjdc to he formed secondarily 01 

of tbn HeX and th(> :::\H:" sct free by the oxidation of the alhnmi 
and tbis \"]c\'· is alRo shared by Hofmeistcr,~ h,'\ Hu,lsey,:> and I: 
EhrmanH, as explained above, hut Kutscher and Schenck·1 incline 1 

the YleW that oxamide OC(;llrs (ts Ruch in gelatine. antI state that tl 
biuret-reaction (see p. 1+1) may be partly clue to it. They obtaim 
oxamide to the extent of 1-5 per ccnt on oxidising gelatine at H)( 
with [) pal'ts of calcium-permanganate and oecomposillg the, slight,] 
solnh1e lime - salts ·with hot ammonium carbonate. AmmoniUl 
oxamillatf' in comiderable quantities and guanic1in-picrate amountir 
to t; per cent of the gelatine were also found. The ammoniullL oxamil 
ate Schenck G derives from glycocoll, which giYes rise to a l'5uhstam 
which Seemann (\ identified as oxalur-amide. The latter under tr 
influence of ammonia then break~ np into oxaminic acid and urea. 

co --- -XH" CO--OH 
1 _ /CO + H,O = 1_ 
CO.XH.. l"IL cO.;'m .• 
Oxalur-aJl~ide ()l' ox~thn, oxalUini(~ acid, 

From the oxaminic acid, oxalic acid [CO. OH]2 is forme 
secondaril;v, and this explains the oxaluria which Lommel" produce 
hy feeding animals on gehtine, for the latter is very rich in glycoco 
or the DlOther-substanco of oxalie add. Casein, which is poor j 

glycocoll, yielded only traces of ammonium oxaminate when oxidise 
by Kutscher and Schenck 

That it is possible to synthetise urea or oxaminic acid from sue 

1 O. Tilw, JOll.J'n. f. pral.i. GTucm. 31. ):29 
~ F'. Hofmeister, Arch.f. 37.426. 
3 Rilll'ey, Z~i:t. 1. physi,)l. 25. 325 
-1 Fr. K-atschel- and M. Schent~k, Iftr. d. 
5 M. Schenck, ibid. p. 459. 
6 J. Seemann, Zen(rf'ibt, f.Physiulog{e, 18. 28r; (1904), and Zl!itschr.,f. pAys,tal, 011£1 

44. 229 (1901t. '/ Lommel, Deutsch. Arch. f. klin ... lIed. 1899. 
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non-nitrogenous substances;:1:; lactic acid and t<Lrtaric acid by means 
of strongly ammoniacal permangauate solutions, Hofmeister 1 and 
Rabey:! have :,;hawn, hut on the other hand there cannot be all,)' douht:l 

that mclJ, is formed directly from alhumin, especially ill the light of 
Kutscher awl Zickgraf's diseovcry of gnalJj(Un amongst the pJ'vducD.; of 
oxidation, and Ko,'jscl and Dakin's urea-forming arginase (see iudex), 
and thi~ 'direct) urmL, although it oilly amOUlJt" to 1 0 per cellt of the 
total 11rea excreted," must he accounted for, and therefore Kutscher, 
helped by Schenck, Zickgraf, awl eSlJecially SeeIUilll, has made a 
number of investigations into the structure of the albumin-moleculE' by 
means of graduated oxidation. 

If 'I'e assume with Kossel that all albumin·molecule pos8esses a 
central region 01' protamin-nudeuRJ ronnd which the other amilJO-acids 
are arranged according to Hofmeister's conception (see p. 139), and if 
the hiuret-rmtct.ion depends on the special way in which the arginin
radicals of the protamin are linJ~ed together,'> then the disappearance of 
the billl'et-l'caction :-;hould coincide 'with the maximal yield of guanidin, 
whith latter 1S derived from argillin. Zickgrll..f 6 has now actually found 
hy treating the same amounts of boiling gelatine~sollltion with increasing 
;:~mounts of calcium-permanganate solution that the maximal amount of 
guanidill-picrate is obtained at the tillle when the biuret-reaction gives 
negative results. Seemann 7 derives the larger amount of oxalic, 
succinic) and formic acid::; found amongst the oxidation-products, from 
radicals lying ill proximity to the protamin~nucleus, because these 
readily oxidisahle acids occurred in relatively hrge amounts, notwith~ 
standil1g that the oxidation of gelatine had been carried very far, 
though not to the disappearance of the biuret-reaction. Seemann 
derives the oxalic acid from amino-chains according to the following 
plan: ~~ 

CH"-(CH,)x-~H. CO . XH-I( 

"H, -+ 

COOH-(CHJx-H + NH3 + COOH . CO . NH-R 

or -+ CO, + (CO,)x + XH3 + coon. co . NH-R 

I .1<'. Hofilleist'~r, Arch. f. cxperim. Patlial. 1l. Phftr1n. 37. 436. 
:! Halsey, Zcitschr. f.pkysiot. elwin. 25. 329 (1898). 

J. S"emallu, ibid. 44. 238 (1905) . 
• Drechl>el, Bel'. d. deutsch. chem. Ues. 33. 3101 ; Gulewit&ch, Zeitschr. f. physwl. 

Chert .. 30.526 and 532 (1900). 
~ Argiuin itself does not give the biuret-reaction. 
6 G. Zickgraf, ZeitsclL j. physiol. Che1n. 41. 259 (1904). 
7 J. Seema.nu. ibid. 44. 229 (1905). 
8 Compare 'with Ehnuanll's \iew ou p. 243. 
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The latter by hydrolysis will give rise to HO . OC-CO. OH Of oxalic 
acid. Succinic acid arises, according to Seemann, probably from 
arginin or from a radical which, when albumin is hydrolysed, gives rise 
to asparagin or aspartic acid. Glutaric acid was not found by Seemann 
although Zickgraf had previollsly found it amongst the oxidation 
products of lysin, and he accounts for its a,bsence by assuming that it 
is either still in the' protamin-nucleus,' or that the complex which on 
hydrolysis gives rise to lysin becomes broken up at Ollce during oxidation 
in such a ill,-Lllner as to be no longer recognisable. Tyrosin, from the ease 
with which it splits np, is placed also into the periphery of the albumin 
molecule. Oxaluramide or oxalan and oxaluric acid, which were first 
recognised as such by Seemunn, the latter deril'es from urginio, and 
states that their presence accounts for the deficit in the amount ryf 
guanidin which should be there theoretically, judged l,y the arginin
content of the gelatine molecule. As direct oxidation of arginin does 
not yield oxaluric acid, hut guanidin-butyric acid 01' gua.nidin + 
succinic acid (Kutscher), or urea and ornithin, when treateu with 
barium hydrate (Schulze) or arginase (Kassel and Dakin), Seemann 
reasons that the arginin group mllst be attached at its guanidin-end 
to other amino-acids, from which the oxalic acid compound of the 
oxaluric acid arises, and he expresses his views in the following figures 
l. to Vl.:-

~H2 

" C.NH 

/ 
NH 
I 
CH, 
I 

CH, 
I 
CH, 
I 
CH.NH, 

600H 

~H2 

'b. NIl., 
/' -
o 

XH" I -
em, 
I eH I 2 

CH, 
I 

CH.NH., 
I -

COOH 
{ ,3fgill&se 

Arginin + -+"1 ar 
1. barium. hydrate. 

I. n. 

urea, 

ornithin. 

1l.CR-CO-NH 
! (H20 diminatett)\~ 

NH, CNU 

;' 
XH 
I 
CR, 

buo 
I -

CH, 
I 
CHNH I 2 

COOti 
Arginin + a.nother Q,·amino·acid 

radi081. 

III. 
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I1\CO. CO. NR CO.CO.NR 
\ '.., \ '.... 

NH, C. NH XH, C. KH, 
/ /' 

I 0 oxalan. 
NR 
\ 

CH, 
\ 

CR, 
I 

CR, 
\ -
emm" I -
coon 

NlI, 
I -
cn., 
I - . h' 

CH" orlllt In. 

I -
CH, 
I 

CNNH" 
I -

COOH 
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Removal of rem'lindel' R.H and) oxalan. 
oxidatioH of terfllin~l group J-+ orn~hill. 

ring-formation accompanied by amide 
or anhydrite-grouping== 

kreatinin. 

IV. V. n., 

,,,,hieh show the formation of urea and ornithin (II.) ,; the union 
of arginin with any other amino-acid, such as glycocoll or tyrosin or 
eveu di-amino-acid; for example lysin and arginin (III.), the formation 
of oxalan or oxalur-amide and ornithin (IV.) and (Y.). This way of 
deriving oxalan, as Seemann points out, is a further support of Hof
meister's theory as to the union of amino-acids, fOf, apart from this 
arginin compound, the only other complex from which oxalan could be 
derived is leucin imide, see p. 33. Should even arginin not be the 
mother substance of the free guanidin found by Kutscher and Otori 1 

in auto-digested pancreas, and by Otori 2 amongst the hydrolytic 
products of pseudo-mucin: and should guanidin even be derived from 
an as yet unknown complex, the derivation of oxaluric acid from a 
guanidin-compound would still hold good. 3 The volatile products 
obtained by means of oxidation were fin:;t studied by Liebig. On 
oxidising gelatine, by moans of chromic acid, Schlieper 4 obtained: 

Nitrites: hydrocyanic acid, valero-nitrite and (1) valero-aeeto
nitrite. 

Acids: acetic-, valerianie-, and benzoic acids. 
Oil: smelling of cinnamon. 

I Kutscher and Otori, ZentralJJl.j. Pkysiol. 18. 248 (1904). 
2 Otori, Z~r.l. phusiol. Chem. 42. 453. 
:I Apart from any question of oxiaation, Seems-un points out thlC possibility of kreatinin 

being derived directly from arginin. See formula VI. 
" A. Schli~per, 1Mbig'. AnMlen. 59. 1 (1846). 
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Guckelberger on oxidising casein with manganese peroxide and 
sulphuric acid found: 1 

Aldehydes: acetic-, (?) propionic-, butyric-. benzoic aldehydes. 
Acids: formic-, acetie-, propionic-J butyric-, valerianic-, caproic-, 

benzoic acids. 
r; sing chromic: acid as the oxidising agent he obtained: 

~itritcs: hydrocyanic acid, yaleronitrite. 
Aldehydes of benzoic and probahly propionic acid. 
Acids: forrnic-, acetic-, propionic-, butyric-, valerianic-, caproic-, 

and benzoic acids. 
Seemann ohtained from gelatine ill addition to formic-, acetic-, and 

butyric acids probably also prl}pionic- aud yalcrianic acids. He also 
draws special attention to the fact that on oxidising boiling gelatine 
or alhumin with foul' times its weight of calcium permallganate, used 
as a ten per Gent solution, he never failed to smell hydrocyanic a.cid, 
1,vhile Plimmer failed to notice HC~ on using manganese peroxide and 
sulphuric acid or potassium permanganate and sulphuric acio as oxidis
ing media. (See index under hydrocyanic acid. ) 

Bernert has drawn special attention to both oxidation and hydro
lysing forces being at work during the oxidation of albumins, and 
Cohnheim sums up by saying: "The dis.sociatjon and oxidation of 
alhumins with caustic potash and permanganate follcHYS therefore the 
same course as does the ordinary dissociation of albumins. A portioH 
of the albumin jg dissociated in the llsna} mauner, and the dissoci
ation-products are then partly con-rerted into final products and partly 
pre~erved as intermediate substances. That portion of the albumin 
which does not dissociate :11~o undergoes a chaugo, for though it 
contains as muoh sulphur as (loes the mother substance, it is not 
possible to split off more than a small portion of the sulphur by meaHS 
of lead acetate and sodium hydrate; it still contains aT} aromatic 
nucleus, but not the oxyphenyl group. This last fact may 1)e explained 
on the assumption tlHl,t in the henzene-nucleus a change has occul'r('d~ 
analogous to that taking place during iodisation. The most probable 
explanation seems to be that the herni-group, which is always readily 
detached, is removed altogether by oxidation, while th(~ hlOre resisting 
anti group and a radical containing the carbohydrate is left over. Of 
the two aromatic complexes the hydroxylated complex: of the herni
group d~s8ppe&ra; while the other one persists. Thc percentage 
composition of the: products of (lxidation seems also to support the 
suggestion offered, for Pick has shown that the antl- and the hemi, 
groups (se. ind~~ hardly differ from on. another as far as their general 

1 0, Guckelbcrger, Liebig'. AnlUlien, 64. 39 (1848). 
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percentage composition lS concerned, and that their sulphur values 
in particullLf agree closely. 

_. "\Yhctber the higher percentage value of oxygen is really due to an 
oxidation, or \'{hether it is due to the carbohydrate radical becoming, 
more pronounced because of the diminution in the size of the mole
cule, is as yet all open question," 

OXYPIWTEIN 

}'ollo\ving up the older and neglected investigations of Chandelon 1 

aI)(l \Yurster,2 Schulz;:; has treated crysta11ised egg-albumin with 
hydrogen-peroxide. He obtained a body which he calls' oxyprotein.1 

Irhen proteid is oxidised in ,wid or in alkaline solutions it is dis
sociated. On p. 93 it bas already heen st.:"tted that Neuberg found 
<tmino-acids to have been converted into acetaldehyde and isovaler
aldehyde. No such change was induced, however, when Schulz 
oxidise(l in strictly neutral solutions. On adding an excess of 
hydrogen-peroxide, along with a little platinum black, to neutral 
solutions of allmmins, he noticed, after the lapse of some weeks if 
he wotkcd at the room temperatllre, or more quickly on warming 
the mixture, that the whole of the albumin was deposited. This 
precipitiLte he ca.lled 'oxyprotein.' 

Apart from a higher pel'centagc of oxygen, oxyproteill does Hot 
differ from ordinary albumin; it gives all the albumin -reactions, 
inclusive of Millon's reaction and the sulphur test. This substance 
is an acid which is illsolulile in acids, ,Yater, or salt solutions, while it 
is readily soluble in alkalies and alkali-carbonates. It is precipitated 
from its solutions by acids, hut only at first, for after having been kept 
for some time in alkaline soilltiolls it is only partly precipitable. It 
differs from acid-albumin and many acid-proteids in being only 
re-dissolved by n. large excess of acid. The alkali-salts of oxy
protein are further precipitated by small amounts of sodium chloride 
and other neutral salts. It is non-coagulable. The alkaloidal 
reagents precipitate it, hut not so the salts of the heavy metals
copper and silver-which may perhaps be due to an ahsence of neutral 
sa.lts. Alcohol ooes not precipitate the alkali-salt. 

Schulz believes therefore peroxide of hydrogen to produce really 
only an oxiJation of the albumin ,,,ithout any other changes, the 
oxygen entering some indifferent h'Tonp and rendering it acid. 

1 ChalHle1011, Ber. 'd. de'uls.;h. ch€JII. Ues. 17. (2143) (1884), 
!I C. Wur!!ter, itr«i. 20. 26:1 (1887). 
3 F. N. Schulz, ZeitscAr. J: pkysi:ll. Chj!.lf~. 29. 86 (1899). (Here also the older 

Jiterature.) 



250 CHEMISTRY OF THE PROTEIDS CHAP. 

FOR.\lALDEHYDE COMPOGNDS 

The action of formaldehyde on albumin was first studied by 
Trikat 1 in 1892. Blum t noticed that the addition of formaldehyde 
makes aibulllin non-coagulable. and called the ne.", compound 'methyl
ene-albumin.' Benediccnti,:l Bach,'! "\Yeigle, una 1\Ierkel,4 Alsherg 
and Goldschmith,3 and LepicI'l'e;j have investigated these methylene 
albumins, the fullest account published heing that of Schwarz/' w h\) 
,vorked in Hofmeister's laboratory. He also studied the action of 
acet,·, benz-, and other aldehydes. 

A few drops of formalin (i.e. 40 per cent formaldehyde) adde(l to 
several cubic centimetres of a solution of crystallised serum-albumin 
."ill prevent its coagulation hy heat. Part of the formaldehyde dis
appears at once, while another part combines only gradually; the 
maximum amount is ahsorhed after t,YO months, when 4;~ molecules 
of aldehyde are taken up for 100 molecules of the albumin-njtrogen. 
The methylene-albumin does Hot coagulate on heating; it is not, 
precipitated by alcohol in the absence of salts, hut is precipltntel1 from 
sl:11t solutions; it gives most of the albumin-reactiolls. The ethylene
albumin resulting from t.wetaldehyde is very soluble in ftcids :tnd 
alkalies, but insoluble if the reaction be neutral. It behaves like 
denaturalised albumin. :Methylene-albumin is not precipitated, how
ever, by salts. The higher aldehydes precipitate albumins and have 
but little action. Concentrated solutions of albumins are converted 
by formaldehyde into jellies. 

According to Schiff" and Schwarz, the aldehyde radical probably 
combines with the NH2-groupJ thereby converting the prot.eid into 
an acid and simultaneously d{;naturalising it. Sch,ya,rz points out, 
however, that there are other ways in which aldehyde may act. 
Special attention is drawn to the observations of fjchwarz that 
halogen-albumins do not unite with formaldehyde, that no albumin
radicals are given oft· by bringing formaldehyde and albumins together, 
and that methylene-albumins are digested by pepsin, hut not by 
trypsin-I perhaps,' because the trypsin becomes destroyed. 

According to Spiro,i albumins combine also with esters, ketones, 

1 Trikat, C'ryrp,pt. Rend. 114, 12i8 (1892). 
2 F. Blu:n, ibf,d, 2a 127 (1896). 
:I A, Be.nedicen-ti, Arch.f. (Anal. n.) Phytriol. 1897, p. 217, 
4; According to &,hwarz. 
r; L. Schwan,. Zeitsdllr./.ph.yaiul. Chem. 31. 460 (1900). (Here the older Uterature.) 
Ii H. Schiff, Uebifl~;A.nrw,len, 319. 287 (1901). 
7 K. Spiro, Hoj~8 &itriige. 4. 300 (1903). 



ALDEHYDE- AND IROl'f-COMPOUNDS 251 

plurivalent alcohols such as sugars, and with aromatic alcohols such 
as recorsin. 

Bechhold 1 has described a phosphoric acid ester of albumins. 

IRo~ C01t1POU~DS OF ALBUMINS 

In addition to the salts which albumins form with different metals 
in their ionic state, and also with ionic iron, there exist also compounds 
in which the iron does not play the part of an ion, and in which, for 
this reason, it ~annot be directly demonstrated by the ordinary 
reagents. How this 'masked' iron can be best revealed is described 
in the author's Physiological Histology, pp. 290-293. Ascoli 2 is of the 
opinion that the iron does not fix on to the albumin at all .• hut to 
the nucleic acid or to the para.- or pseudo-nuc1eitl of the nucleo
albumin, Before the differences between salts and non-electrolytes 
were understood, llluch was written about these compounds, and the 
expression was used that iron, iodine, etc., were in • orgahic union,' 
ana such iron-compounds as Bunge's hmmatogen:3 and Schmiodeberg's 
ferratin 4 were supposed to be of great value to the animal organism, 
for the latter wa~ supposed to absorb iron only as 'organic iron' 
albumin, and not as an alhuminat.e of iron or as an ordinary iron-salt. 
The experiments of Gottlieb,') Voit,6 Kunkel,7 Abderhalden'::' and 
others have shown this conception to be wrong, for the body is able 
to absorb iron, as it does halogens, in the ionic state, amI then 
subsequently to de-ionise it. That, on the other hand, the body lnay 
get rid of iron in the non-ionic state in the form of hromoglobin or 
other iron-contc1.ining cell-constituents is also beyond doubt, Further 
information as to how iron is bound up in the body is given in the 
chapter dealing with the nucleo-proteidll: and with plasminic acid, see 
p, 447. For the iron of. hremoglobin see index. 

The compounds which albumins form with silYer and with osmium 
ru:e mentioned on pp. 342, 343. 

1 H. Bechhold, Zeitschr, j. physiol, Ch..em, 34. 122 (1901), 
2 A. Ascoli, ibid. 28. 246 (1899). 
~ G. Bunge, 1"bid. 9. 49 (1884). 
4 O. Schmie(leherg. Sch-m.iedeberg's A?·ch. /. e:r.periment, Pat/wloy. und Pb.at'1lwk. 33. 

101 (1893). 
~ R. Gottlieb, Zeit&chr. ,f, phllSiol, Chem, 16. 371 (1891). 
6 F, Voit, ZeitscAr, j. Biol. 29, 325 (1892). 
7 A. Kunkel, Pjlilger'.~ Arch,f. die ges. Ph-ysWl. 61. 595 (1895), 
II E, Ahderilnlden. Zeitsdl1" I. BiDlogie, 39, 113 (1899), 



CHAPTER VIII 

THE GTSERAL PHYSICAL PROPERTIES 01<' ALBUMINS (ACCORDI~G TO 

COH:NHEDI) 

ALHL~1[X~, when in a dr.,? state, appear as white or nearly colourless, 
loose, voluminous, non-hygroscopic powders. ~ome albumins are known 
to form crysta},.;, hut most are amorphous. Some are soluble in water, 
while others dissolve only in salt solutions, in dilute aei(ls, or alkalies j 

all arc insoluble, however, in pure alcohol, ether, chloroform, henZeIK\ 

and all the other solvents in general Use. In stronger solutions of 
alkalies and acids and ill glacial acetic acid they dissolve and undergo 
diss()cia,tion. On heing burned the~T leave behind the characteristic 
smell of lHirnt hair j they give rise to 11 voluminous slightly comh1i~tible 
coal, anu when hurned completely, lease behinu an ash in which are 
fOUIld .:iulphuric acid derived from the sulphur of the albumin, a.nd 
u"nal1y several other inorganic element.s such as calcium, and occa· 
siOllally phosphuric acid. 

;O-;nJutions of genuine alhumins do Jwt difJllse through alJimaJ 
membr(wcs or ycgctalJ]c parchment, and belong therefore to Graham's 1 

clas\; of colloidal llodies. \Vhat -we have to understand under the 
expression 'colloidal' has not yet been definitely settled. [The 
author's views arc given on p. 254.J Most people do not regard 
the colloids as being in rel~l solution, 1Nhile Zsigmondy 2 has ml
doubtedly proved thi/:! to he the case. For albumins the question 
has lwen uefiniLely settled, hecause Sjoqvist 3 and Bugarszky and 
Liehermann 4, have shol,vn that albumin solutions comluct the elec
trical current, and that they may act both as kations and anions
in other words that they without doubt form solutions whjch 
obey tJhe la'\vs formulated hy van 't Hoff. The albumins are indeed 

1 Th. Grlllwh, PJu.l:_'8vphicrd T'lYIA'8(~cti"t18, 151. T. p. 183 (1861). 
2 R. 7,,,igmonJy, ikitsdtl'. f. ph!lsik. (/M1Il. 88. G3 (1900). 
3 J. :-<j(Jqvi.~t, Skan<ii(W1'isches Arch. /. Physiol. 5. 277 (1894). 
4 St. Bugarszh '~na L. Liehermann, Pfluger's Arch. j. d. yes. Physiol. 72. 51 

(1898). 
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especially suited for demonstrating the transition from colloids 
into crystalloids, for wme of ahem exhibit all the properties of 
colloids and yet crystallise; crystalline egg-albumin. judging by the 
'gold-number' of Schulz and Zsigmondy,l occupies a position inter
mediate between colloid" and crystalloids. Casein and the rnucins 
cllnnot be coagulated like the ordinary alhuminR, but they change 
their physical characteristics on lJeing 'denaturalif:led,' and amongst 
albumoses are found all transitions hetween betero-alhumosc, on the 
one hand, which does not Iliffm;c in neutral ~tlld only very slowly in 
acid and alkaEne solutions, ,q,nd between peptones, ,vhjeh diffuse readily. 
on the other hand. ,Vhat factor" we are dealing with in colloidal 
solutions "\ve do not know. Hofmeister~' "elieyes the two chief 
characteristics of colloids to be their grcat tendency (1) to hecome 
insoluble nnder the slightest non-chemical provocatiolls, as e.g. on 
slight evaporation of thE' water ill which ther aro dlssolred, or on 
coming 1n contact with porous suhstance~. and (2) to form exceedingly 
thin memhranes or particles, which hllve the power of swelling np on 
being moistened, provided they hn,yo been dried previously. He 
attributes to this behaviour of rolloicif' the great difficulties we 
expericnee in 'i\"orking "\~"ith albumins, partjcuhtrly when we endeaTour 
to prepare them in a pure state. O,ving to these n~r.\" same pr()~ 

perties, albumin posseRscs in It higher degree tlm,n docs any oi,her 
suhstance t,he power of forming tissnes, and protoplasm with its 
peculiar semi~fluid structure. 

As in the rase of other colloiJs, so in the case of albumiuous 
suhstances it is easy to rob them of their peculiarities, and once 
aluumins have changed it becomes impossible to restore them; the 
process is irreversible, and the changed albumin is said to he 
denaturalised or coagulated. The dissociation-products and dcriya
tives of alhumins, namely, the alhumoses, peptones, halogen-albuminates, 
methylene-,Llbnmins, etc., are no longer colloids, and can therefore not 
be denaturalised.:l It is characteristic of the natural or real albuminous 
hoJies, or the alhumins proper, that they hecome permanently de
naturalised, and that they cannot be rendered soluble again without 
extensive dissocia.tion or other change of their original state, if once 
they have been coagulated by heat or some other process. 

1 F. Schulz nUll R. Zsigmondy, Hofl/!l:i,~/er's Britr, 3. 13i 
~ F. Hofmeister, Z('itgc/n', f. phYBiol. ChelJI. 14. 165 

3 'rhat the author does IHlt ngrtw with thes~ views will h~collle apparent later. 
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THE G}<;NEHAL I'HYhj('AL I'ROPlmTlES OF ALBl'MIXS (ACCORDING TO 

THE ArTIlOlt) 

Tlit' qucstion of thc physical state of albumins is 80 important 
from the l~ioJogical :md chemical points of view that t.he author has 
thought it hest to gjVt~ hi;" own view,. in a connected manner, although 
he hil>i dealt with them lllOle fnlly (UP to the year (1001-2) in his 

lIL4"/O;l_ll, Jilt he following rlCeO!lnt cognisMlCe is. how-
eveI', nf pappr~ l'cal'ing on the eolloidal nature of substances which 

have ]Ieen pnbliC'hcu in the last thrl'f; years. 
}\Ir pU1'),OSCi' of discusl"ioll it is neces~ar,V to have a clear under

standing as to the meanIng (,f 'solution,' 'elt'ctrol"rtf:',' 'hydrolytet ' 

ulld '('()lluid,' and therefore the.~e terms are uefined ill the first 
llbbl1ll't\ 

~<)L\'Tlu'\'.-.\ ~nhstancc, on ctlming into contact with a fiuid, is 
S;tj,j tu pac,,'; into ..,,,jlltillu when it.s molecules !:leparate from one 
another and, ditrusillg inttl the tluid, mix with t.be molecules of the 
1:1111'1'. The [,(,,'lUlling lllixtnrt~, consisting of the molt:'cule's of tbe 
s(JI\'I'nL and tile :'OlUIC,l may form 81) homogeneous a, system as not to 
iUII'rfen-, in :tny way with the transmission of light, or, to use a 
tcchuil:al V'rlU, t.ht' mixturt' may be 'opticaiIy void,' i,e, contain no 
\,1si1l1e partie"il':".' On the other hand, the solute may consist of 
particles of suth size as to interfel't' more 01' less with the transmission 
of libht, Wht'll we speak of I ('olloidal' solutions (see below) or of 
suspensiolls, All solutiolls are therefore mixtures, 

A suhstallct' ill .',\olution, as van 't Hoff' has shown, is in every ,vay 
('ompamble to a gas, There i~, however, one difference, for in the 
ca"u of fin ordinary gas the amount contained in the fluid is propor
tional to the amount of the same gas outside the fluid, or, in oth~r 
words, the g'.:lseous tension in the fluitl is proportional to the partial 
prp.ssure exerted 11)' the gas outside the fluid, In the case of dissolved 
solid.;, howe"er, the solid cannot leave the fluid, because the ,'ery fact 
of a. substunce dissolving ti.t all depends on definite electro-chemical 
interactions hetween the solvent and the substance dissolving, a..;; ha.s 
bt'~·Jl "hown hy IkUhl.:: According to this observer, the power of 
:~cting as a solvent. depends on the latter possessing some atom which 
is potentially plllriYalent; for example,oxygt'n in water is dinl.lent, 
hut eapahle of hecoming- tetravalent; t.he nitrogen of ammonia is 
tt:ivalent, "0ut wit.h~ a t-f'ndency to become p€'ntavalent, :lud so on. To 
this must he addttd the conception that the body passing into solution 

I A !«llut.e IS :my SUbst.1Ul!t' which has pa.s.t!ed into solution. 
~ ,h-£.fr. Bruhl, J:l'lt •• d.,,t:pll1/sik. (]Mm .• 10. 1 (]899). 
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may undergo an am~Iogous cban:;e. In thl:' ligbt of' Briihl's cOIl{~eption, 
and taking also int.o considernt,ion that t'V(m pnr~ water i~ partially 
dissociated, aud P()~scsf.\e15 a high dielectric constant,l the followill,L: 
possihilities l"oug,Z{'st themselns:-

1. The imbstallt'e and the soh'cnt, by It1utually dili'using into Oil" 

another, form mixtmes without the solute undcl'goin~ tdectrical <1i,,
sncia.tioll. This happens. fo!' ex:ulll'l(', if sugar (11' mt'rl'lIrir c~'allide 

di,,:,;oh'c in water, a.nd also happens 3.8 the' preliminary step in all cU.scs 
where 4,11-etn':,\/tl.;:', di':"oJn:: lmt ill the c:t(.(' of ckctfolytes thr primary 
'pas:-lillg into ('Iolntioll' it. followed hy Ol secowlalT chemical diss-oeiot" 
tiOll as described 111.d,)w. 

The author h('lit'Vt,,~, wilen difrll;;ioll wkl'ti place, that the f>olnmt 
lilts one eJcetl'ical charge. while tbc <;oiuh' bal'- the opposite charge 
The mixtUl'l' heilJg a hillltl';r sysknJ, it is im}!obflihle fur an dect-ncal 
curI't'llt to pa:5S through it, as tbi;;; would Blear! IHo\'ing hoth the 
80),,(;nt ,lnd the "olute,~ 

:!, Tlw Bubstance undf'rgoes in the ;;;oln;llt dcctrulytic di,.,,,!)ciatioll. 

at> ill the case of ~·lectt'Ol,vtb or salt" cOlltaiuing radiealK cap .. '1hJ.~ of 
giYing ri,,(' to strong pOl'.itivf' i011S or kat.iolls, ,uut to stroug negati,~' 
iOIl~ or anions. Thus in the ca.sc of common salt, ,;odium hpc(Jme,<.; "I<, 

while c!dorillC' hf'come ... -; 

In this CllSC an eleetrical current passc$ through the mixture of 
soh'eut alhi solut..f', hec",u~ we arc dealing with a ternary system con· 
sisting of a medium, the solvent, ill which bot.h negative aud pmlitiYc 
iOllS, derived from the solute, m'e freely movahl~. 

3. The suhstance, l.king composed of a potential, strong kation and 
it potential, feeble anion, 01' c1r;,. 1"(,i'$U, undergoes hydrolyois, which 
means that the weaker ion of the s,dt is replaced by a stnmger iOll 

derived from the solvent. If the so]ve..nt is wa.terpand if the weaker 
ion of the solute is electro.positin, its placE' is tahn by the acid 

I A Jidedricon ib n ~\lb~t!U1Ct without any electri.cal cfJarge of its O'A-'ll, hut (:i;lj,ablt' 
oj having .lUJ t'lt>ct.rkal d\argt in,luct',l in it. An'wding to Coebn droJlleUl havitlg thf:' 
8-maller didectril'al eonst1mt become el~tto.JJegative towards Ul(:dia with higj,~r ciiele,_· 
trical cOllst.ant~, in a mixture cOD~IStillg'Of two nOJl·mLqciloJe fluid!!. .\cwm:Jiug to J)1'l1l]e 

/l)rqde. Zeit. f. physik. Clwn. 23. 308 (1/'l97)) H,,, ~Hel&;trlcal cou~tallti for the f'Jllliw·' 
illg !-ubstances are: Wak" &0'9. gJycerilJe 56'2. Iuethyl-akohol 32'6, tlthyl-al<;()hol 25'3, 
prophyl-almhol 22'R, act'tone 21·S. amyl·nk,)l,ol Hj'O, a.idehy,ie 18'6, acebc acid 9'/, 
TI\e.~ "u!J!;-tances are all electro-I",'>i.tive iowllrrl,; ).:h .. ~;,. wl,ilc tit", f()llowiD!( bmlies an~ 

electro-negative: ChloroforllJ, 6tllyl.ether, ,'ult:rialli'; arid, UlrtXH\ diiHllpbide, xyl')l, 

toluol, loenzol, oil of turpentine. 
2 31allll, P/lysv...logical Histology, H102, p. 4.5. Set algo ill thi! book, fir, 268 (Inri 

279, under Billiher. 
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hy~lro~!'ll-i()1l of ·water; if the weaker ion of thf' solute is electro
heg-a.til"e, tilt'll it j,-: replaee,l hy th., alkaline hydrux,Yl-ion of water, 
TllH~ ,'()JTu,..;ln' !'uhiiluatf' and water, or flodium ('arbonate and water, 

h,'han~ a~ follo\n;:- ~ 

lIgCL ."//.,1) ::: ;lIg01l)-1l ··(T-CI-ll/i 
\aF".' ILl) :::: [1U'o"" [",,' 011'". JUl. 

I. T)](' )-Uh..,t!lll('C, 1,eill~ l'()11lpm:e\l oj tl\'O fc(,bj,· l'<ldi(:al~, funn~ 

wit.h til,' :'l>h\'lll <!. which 1" \lilly capable uf nnd(']'~()il]g ('()1ll-

plt'I{~ di,.;~()(:iati()11 if Il'ith thib Bnhstll,Il{'l' alloth,'r ,.;aIt i~ pr(,"(~llt, 

If)' tllt, dl".~I)\'i:l~i'lll of which eithL'!' acid hydrn.:.!t~n- Or alkaliw' h,Hlroxyl-
1(111,'" an' lill\.'r:ltf·d Tl]i.~ "i('''' is full .... discnt>."ed ill t 'baptcl' \~I. Il!l!kr 

the h\,:ltlill~ d . Tf]('lll't'tic:tl ('()1\<;ide!'ati:lll~, ~I.'f' al~o footllote (.ll 

p, :'::1'-
EJ EI·THO),YTE. -~ .\ll elt,ctwlYI" i::. ddi)),·d l,y .\nht'lJiu;;.; at> ;1 

l'<u1,:-I:\)1,'t' whieh impart:' 10 w:ltcr, "hleh ttf;e1i ii" a 1](II1-COl!,hlCh),·, tIl(' 

[lPII',·/, (If alJo\ljlJ~:lll ,,)('!'tl'je ('llrY'Cllt to p:J"'~ thJ'('ll~h it, 1n yirtllt' /Jf 
the "l1b~l:HI\'I' il('ill~ in a Rtntf' of elcctJ'jeal di"snciati(lll (lr iflllisatil!Il, 

thc7'{' /I('inf,; forme,!. whiie nu CIHT<'lIi i.'i lJlt3sing, tH'U .,et~ of iUlJ."'. t]I\J 

(lilt' h:I,'in;: :Ul e}Pt'tro-I1t',::;n.:;i\'e, th(; utlH:r all electrtJ-positin' Chill'_g(', 

l1nJ/wLYTE. If (lnl,\' one of the {'omi'OItt'I!U, of R ~<Llt he-cl)u;l'l' all 

ill!}, whilt' tIlt' othn compollelli tl':Ul;::.i,)r;; it~ }'ositi\'~ (,harge to a 
ltydrogf'll awm (If tltt, wate!', and the.ehr cmn:erts t.he latter into the 
aci,l11:-'tlrogen-ioll. II , or ib llcg:atiYc (,harge to t\tr hydroxyl group, 
OIL of .rater. alh1 therein" changes the latter into the alkaline 
hydrnxyl-iuJl, OIL then th:' ~alt i; said to nndergo hydrolyti(, di,,,-
~I)ciation, and f'llhst:ll\t'C"'; heh:n"ing in thi,..; mmUlt"I' may he tenl!cd 
h,nll'Olyte-:, Ex!tmple~ of electrolytes and hydrolytes have lu,:en giwn 
uudt'l' ~(l,';, :! nut! :) in the previolls paragraph on ; ~oIntioll,> 

C\IU.,Hl,,-This t{'Mll ~nlS intTwlu('cd hy Thoma.s G.id.bam:' in 

1 ",,(i 1 fur ,'('wlin sn)Jst.rmee:" which differ from 'crYbtaHoids' in 
dit1'l1sin~ Yer,'" slowly ill water, in heing llnah}e to 1'o1,<;:=> through animal 

bbddt'l'3 and H'getahlc parl'hme'lt, il.mI in TInt crystallising readily. 
Gl':lil,nn statl':;: Crystalloid!:; and coll(~ids .. are like different worlds of 
matt.er." Acconling to Graham, a colloid m.3)" oc'cur in OIle or 1ll0rB 

of thest' three states ;-
L As a tln;d mlxmre or • sol' ; a, watery mixture, for examph~, 

being called ,L 'hydrosol.' 
2, As A. fir¥l mixture or 'gel'; thus ordinary gelatine-jelly is a 

'hydrogel' of gelatine, 

I S. Arrhenius. Zeit. f, ph,!/S!'k, ehlln, L 631 (1881)), 
!! '_"ma~ GmllAm. Pkil. Trans, 151. ]S3 :mJ S{,:) (1.')01), 
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3. A" l~ !\olld; for example. as dry silicic acid or glaJo,s. 
Graham tll'~t. notieed that colloidal Il\lh~ta~we" are held in lioilltion 

hy a 8in~1l1arly fee hie fon'c, bt~ing: "precipitawd b!' the addition to 
their solution of any suhstance from tht' other cla.s.fo." (i,,", crpt .. ~lloidli), 
and that they are a18.o altereu by ht'at. Htl call!:'!} the solid COil 

stitutmt of gob, which contracts on heatin~, the dot, and the uxudiug 
liquid the IiCl'UlU. Colloid!';, which, hya reversal of the cause,., pro
dueing tht'ir precipit,ation, »lay he rendered ."lOluhle aga,in, Hlmly (;ltll. .. 
'rt'Yersible.· If a colloid cannot he brought back to its original 
~oluhle stat.(' it is irr(,versihle. 

The ItHthor distinguishes hetween insoluhle, semi ·?oluhlc, and 
holuble colloid". A soil1lJle culloid it.; one iu WillC'h :til tne C(Jlllpollcni 

particles carry definite electro-positive or eleetro-negnti\"c clml'gcs, Ul'> 

will he shnwnlater, whilt· an insoluhle' colloid' is iso-electric, i.f. cani<'& 
no electrical ch'U·g("R, /tmi ag long as;\ colloid ff"nmiw, in this jm~()IuhI(J 
state it exhibitloi none of the chal'llcv:ristice; usually IlttJ'ilmted to colloio .. 
and enumerated below. Acconlin~ to tlw nature of the Iu-~rtie\llal' 

coUoid we arc workillg with. tbf~ COtn'CrtliOfl of the insoluble into the 
suluble state is either comparati\:ely easy or vcry difficult, and the 
more a colloid is rendered truly iso-electric, the more diflicult 11:1 it, 
other thing"" heing equal, to reCOllvert it.. into the sohl/lIe iUI·m. This 
J'cconnrsioll in the case of albumins is often quite imposr;ible, 
ltecause when the iso-electric point j13 approached, the different grOUP!; 
of amulO-acids in the albumin-molecule rearra.llge themselves intra
molecularly to compensa.te for the removal of the electrically charged 
ions }'Y mean;:; of which they were kept in solution. In addition to 
this change, amjIJO~acids may a180 be tonvel'ted from 1'e.'11 adds and 
bases into pseudo--acids and into pseudo-bases (see pp. 218, 219), 

For a historical account of investigations into th~ nature of colloids 
np to the year 1902, S8B the liutlwr's Plt!lsi(Jo(luwl J1is/tt!0Y/I. ClarC1JdolJ 

Press, ] 902, pp. 28·70. 
Summing up our present knowledge, colloids, when' in solution.' 

have the following characteristics :-
1. They polarise transnlitted light. 
2. Possessing a low osmotic pressure, they raise the boiling-point 

or affect the freezing-point of water only very slighttv. 
3. They are not coagulated irreversibly by a. rise of temperature, 

provided e1ectrolytes are absent and provided their chemical constitu· 
tion does not become permanently altered. 

4. They move either with or aga.inst an electrical stream which is 
being passed through them, and they are therefore either electro
positive or electro-negative, but they oiler a great resistance to the 

S 
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flow of the electrical current, owing to their increaf5ed bulk ah~ 
diminished surface. 

5. They undergo hydrolytic dissociation, as in the case of arsenic 
trisulphide (see below). 

G, They arc rctHlered more colloidal and are readily made insoluhle 
by electrolytes the potent ion of \",hieh 1 has an electrical sign the 
opposite to that carried by themselves, and they are made less colloidal 
by the addition of ions of the same sign. 

7. Colloids of opposite electrical sign precipitate one another if 
they arc in equivalent amounts, hut if either of the two colloids it, 
added in excess, thou the colloidal pl'ecipitate, \"hieh WM formed in 
the fir:st instance, may redissolve. 

S. One colloid in solution does not penetrate another colloid ·which 
forms a rigid system, or, in other words, colloids do not pass through 
animal or vegetable membranes. 

9. As a rule they do not crystallise readily. 
POLARII-:iATlON-PHENOMENA.-To make polarisation of light the 

<:riterion as to whether a suhstance is or is not a 'colloid' is not 
permissible for these reasons: when in Tyndall's experiment a beam 
Df light 1S passed through a solu6011, its track ma.y either become 
very evident owing to the partial reflection of the light, or the betLm 
1S hardly visible. In the former case light appears polarised because 
the mean wave-length of light visible to our eye has its straight course 
interfered with by the presence of particles, each of which is at least 
one-half, and may be many times the diameter of the mean wave
length.2 II we put the scale of light visible to Ollr eyes as lying 
between the Fraunhofer lines A and K, i.e. between .\7606 and .,\,3934 
(see p. 479), then it must be admitted that wave.lengths below and 
a.bove these limits may also be polarised by particles of an appropriate 
size, although these wave-lengths are not visible to us directly. It 
follows, th~refore, that when we call a substance a colloid, because it 
shows a beam of transmitted. light, we are interpreting physico
chemical phenomena from a narrow point of yiew. Because we can 
see particles of a certain size interfering with light visible to our eyes, 

1 The potency of an ion is determined by the degree to which it;; electro·affinity is 
satisfied by the other ion with which it is linked together. If both iOD!; have strong 
electro-affinities. as in the case of potassium chloride, then neither ion can erert its 
inlluellce J'e4.Illly; but if one of the iODS is weltk, 4.'1, for example, the C03 ra.oical in 

-potassium carboo.1et i'\(""-2C03' and the HE;·radical in corrosive sublimate. HgCl21 then the 
stronger ion CflU8eS the hydrolysis of water, or may act on other substances of tbe 
opposite electrical ~igll w-hich are (lissolved in the water along with itself. 

~ See Swkeif (Pla. Tr<w8. 1852, p. 463), Strutt [Lard Rayleigh] (Wid. 41. 107. 
{)":'A A<"fl ~ ... IT"''''''''''''nlllh~ .... ,I", ... 1<111 ltV;\ 
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it does not mean that a fundamentally new state of matter is 
reached whenever we pa1>s froID invisible to visible particles. There 
is no transition between electrolytes and colloids, as far as Tyndall's 
test is concerned. 

Picton in 1892 1 divided arsenic-sulphide, AS2S3, solutions, accord
ing to their physical state, into four classes, which he called a, j3, I' 
and 0_ The a-solution is termed a pseudo-solution; because under IL 

magnification of 1000 diameters the fluid is seen to contain crowds of 
minute suspended particles in rapid Brownian movement. The 
f3-solution, forming the transition to the y-variety, is composed of 
particles so small as to be microscopically invisible. The y-solution 
differs from the a and f3 ones in diffusing and exerting osmotic 
pressure, hut it cannot be filtered through a porcelain filter without 
the solid separating out, ,,,hile the o-solution contains sulphide particles 
of so small a size as to pass readily through the filter. 

Now Picton's a-solution is comparable to what is ordinarily called 
a colloid, and his 8-solution to ,,,'hat is usually termed an electrolyte. 
The difference between a colloid and an electrolyte is, therefore, in 
one I'espect, purely one of size, or a quantitative one; the difference 
becomes qualitative only in respect to the unit of electrical charge 
carried by each individual particle. 

OTHER PHE~OME~A.-If polarisation docs not allow us to dis
tinguish between electrolytes and colloids, then all the other character
istics mentioned on p_ 257, under Nos. 2 to 9, point directly to colloids 
being electrolytes as long as they are in 'solution.' 

This view, first advanced in 1902 by the author in his Ph.1fsiologica.l 
Ifistology, p. 45, accounts in general for the movement of colloids' in 
solution,' when they are subjected to an elcctrica~ currentl and also 
explains the special case of the behaviour of heat-coagulated albumin. 
Hardylg ohservation that lso~electric heat-coagulated albumin moves 
neither towards the anode nor towards the kat-hode, while after the 
addition of a trace of acid it moves towards t.he kathode, and after 
the addition of an alkali towards the anode, the author explained thus:
" As the proteid acquires the charge of the positive hydrogen-ion of 
acids, antI the negative charge of the hydroxyl-ions of alkalies, we may 
assume the hydrogen- or hydl'oxyl,ions to unite with. aggregates of 
proteid-molecules, and thus to form new ions consisting of the 
(colloid + H)~ or (colloid + OH),. The anion of the acid which was 
added (for example, the negative chlorine- or acet-ions) or the kation 
of the alkali (for example, the positive sodium-ions) become the com
panion-ions to the (colloid + H)' or the (colloid + OHr-ion •. " 

1 Harold Pictou, Journ~ CMm . .'we, 61. 137 (1892). 
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This view, expressed by the author in 1902 j he believes still to 
hold good for a colloid such as that of gold l which moves towards the 
positive electrode or anode when its ,Yatery solution is subjected to 
an electrical current. \fhen Bredig makes his colloidal gold solutions 1 

by passing <:1 current of 10 to 1 ~ amperes through gold electrodes 
which are immersed in acid-free ,Yater awl which are kept 1 to 2 Ulm. 
apart, he finds the negative electrode or kathode to break up into 
colloidal particles of gold. According to the author the + hydrogeu
ions of the water transfer their electrical load at the kathode to ,the 
gold, which now passes into solution as + gold-ions. These gold-ions, 
having a very low electro-affinity, then unite with the - OR-iont:; of the 
water, which have a stronger electro-affinity, and there are formed 
new electro-negative ions, namely, [AuOH]', which travel towards the 
positive anode. The negative colloidal gold-ion has as its partner a 
positive hydrogen-ion of the water. This explanation helps us to 
understand why the addition of minute traces of alkali, i.e. OH-ions, to 
the water in which the coHoida.l gold solution is being made, greatly 
facilita.tcs the formation of the colloidal gold, and why, on the other 
hand, any free acid wm at once precipitate the colloidal gold for 
[AuOH]' + HO ~ Au 0 Hp. 

In "bhe case of gold-solution the problem is comparatively simple, 
but it becomes much more complex if we are dealing with a substance 
such as arsenic sulphide, AsZS3• This compound is formed by passing 
a stream of sulphuretted hydrogen gas, H2S, through a solution of 
arsenic trioxide, AS:,P3' and then removing the excess of H2S by means 
of an inert gas. Arsenic trioxiue when in solution gives ri~e to 
arsenious acid, A,(OH)" which by dissociating iuto [As(OH),O]' + HO 
liberates the acid HO-ion, and hence gives rise to the acid reaction of 
an arsenic trioxide solution. Sulphllretted hydrogen in watery 
solutions also dissociates to a ~light extent into HO + SR', and hence 
again the 'solution gives an acid reaction. 

'Ve are dealing, therefore, with the interaction of two substances 
which are potential acids, and which for this reason have the 
tendency of mutually precipitating one another. 

NowJ ASlPB + 3HeS give rise to As2S.s + 3H20. The arsenic 
trisulphide formed in this way undergoes in its turn a hydrolytic 
dissooiation into AsiPs + 3H2S. The possibility of such a diso.ociation 
was pojnted (jUt to Freundlich' by Dr. Bottger, and Freundlich 
a.ctually ~~tbat H,S, being a gas, can leave a colloidal arsenic 
sulphide wIndon, and thereby lead to a disintegration of the colloidal 

~~ 8eorg Bredig, Zrit. J. angew. ekern. 1898, p. 951. 
2 llerbert Fr~undlich, Zeit.f, phy8ik. Ohem. 44. 129 (1903). 

f'-' 
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solution which is more rapid in an open vessel than if the solution be 
preserved in a closed bottle. l 

On the assumption that ASZS3 really dissociates into AS203000 

and 3HzS', and these in their turn into As(OH):P' + HO and 
HO + HS', the complexity of the colloidal solution lIlust be very 
great, and therefore its equilibrium must be very unstable. By 
.hp, addition of strong acids the dissociation of As(OH)zO' + HO 
a,nd thttt of HD + HS/ will be prevented, and therefore AszOs + 3H2S 
arc formed first, and ultimately the completely undissociated As2SS' 

J~y the addition of alkalies, on the other band, either ortho-arscllites 
(e.g. Cag(AsOS)2) or met..-v-arsenites (e.g. Ca2AszO;; or KAs02) result, 
,vhieh keep the arsenic in solution because both potassium and 
calcium possess much greater electro~affinities 2 than does arsenic. 
The author has thought it necessary to enter into this question 
because other writers always speak of spontaneous changes taking 
place in collojdal solutions without h:wing taken proper precau
tions for excluding the possibility of chemical action. The author 
bas found that using paraffined vessels to exclude the chemical 
action of glass, and keeping bottles well filled with colloidal solutions 
to diminish the airspace, :tnd using paraffin stoppers, that colloidal 
solutions keep with very little alteration after a preliminary change, 
due to mechanical disturbance, has taken place (see p. 274). 

'Vhen a colloidal solution becomes semi-soluble, or, in other words, 
more colloidal, when, for example, Picton's o-arsenic sulphide solution 
is changed into r, then {3-, and ultimately into the a-variety, the 
following changes occur :~In a freshly prepared non-colloidal arsenic 
sulphide solution, AS,D, is dissociated into [As.osro and 3[H,tl]', 
and this dissociation is also met with in colloidal solutions, as has 
been shown by Freundlich,s \Vhcn the colloidal solution becomes less 
colloidal there occurs, according to the theory of the author, a diminu
tion in the amount of electrical dissociation; and this diminution is 
accompanied by a gradual increase in the size of conoidal particles. 
Picton and Linder 4 were the first to notice that the size of the coHoidal 
particles increases when the point of coagulation is neared, and that 
there is a reaction other than mechanical between solvent and solid, 
even in these ca.ses of colloidal solution. 

1 Freundlich has omitted to analyse the remaining solution, and the possibility of the 
arsenic solution which was kept in an open \'essel having ab~rbed CO2 from the air. and 
having thereby become precipitated, must .also be taken into account, for by add!:' 
arsenic aulphide is precipitated completely. 

2 Mann, PhYSiological Histology, 1902, p. 14. 
3 Herbart Freundlich, Zeit. f. pkttsi/.:. Ohern. 44. 129 (1908). 
, s. E. Linder a.nd H. Pictou, CheJn .• Tuum. 61. 187 (1892). 
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A non-colloidal arsenic snlphide solntioll, i.e. one in 'which the 
component particles are srn,~llcr than ha.lf a wave-length (see p. 258), is 
only capable of existenee in the presence of free hydroxyl-ions, and if 
these be remoyed there occurs at once a change which expresses itself 
optically by light being polarised, anJ this depends, as has already been 
ShO'Wll, on particles being formed in the solution 'which are larger t.han 
}l(tli a mean waye-]ellgth. 

The removal of the hydroxyl-ions from the arsenic 8ulphl11e 
solution may produce one of two changes. If it required one hydroxyl
ion, OR', for each u.rsenic sulphide molecule, As2S;> (or an arsenite 
molecule), to remain in solution, then with the removal of each 
hydroxyl-ion one arsenic sulphide molecule will cease to exist as all 
ion, and form a sediment as (luickly as the Yiscosity of thE' water 
~l1ows it to do so, proyided jt cannot. form a bjn.'lr,'~ system with water 
(see under solution, p. 255). If all the hydrogen-ions, each in custody 
of one arsenic wlphide molecule, were neutralised, then the ,,,hole of 
the sulphide would r;;cttle as an insoluble mass. The other possibilit.y, 
and the one which the author believes to be actually at work, is that 
the As2SS molecule itself undergoes n, dissociat.ion as soon as the 
hydroxyl radicals are removed, and that in this way are formed 
[As20s]'"o + 3[H,Sj"',l If all the As,S, molecules underwent this 
hydrolytic dissociation the arsenic sulphide solution would still be non
colloidal, as it is improbable that molecules having such low molecular 
weights as As4S1]== 492,2 or As20,!J= 198, or H 2S=34, are capable of 
polarising light. 'Ve must therefore assume that the particles in a 

conoidal solution of arsenic sulphide are composed of at least severa} 
molecules, and that these aggregates are kept in solution by an electrical 
charge. It is immaterial whether we assume that the colloidal particles 
are formed hya mechanical conglutination (sec p. 2i4) of molecules 
or by such chemical action as anhydride-formation, as seen, for 
example, jn the case of dextrose when it is converted jnto colloidal 
starch. 

The essential point is that each colloidal aggregate must carry a 
definite electrical load, because it can move with or against an elec
trical stream, and that there must be other ions in the solvent, possess
ing an electrical sign the opposite from that carried by the colloir]. 
As such a, colloidal solution is precipitated by certain agencies, we 

,must next inquire as tct how a colloidal solution consisting of smaller 
particles is $l'Ansformed into one eOJ?-taining larger units. 

1 The dissoci8t~ may be such that the positive load is carrieu originally by the 
H,fi. and t1~e Jl"ik,;:tife load by tIle AS203 or [.A~03r + 3[H.J3rQ

• 

II The COlToot formula for t\rsenic sulphide i~ AS,S6' and is not A~Sa' 
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"Then arsenic sulphide, AsZS3, is in solution] it partly dissociates 
into [ As,03r' and 3[H,S]"'. The latter then dissociates still further 
into H' + ns', and thereby renders t.he whole solution acid. Compar
ing various &"llts which nndergo hydrolysis and in doing so form .acid 
~olutions, 'we find, on the one hand, solutions which are almost colloidal, 
namely, HgOlz = HgOH + 2HCl; next, colloidal compounds such as 
arsenic trisulphide, As:!Ss = As-z0s + 3H2S; and finally, salts which are 
thro,'m dmvn [l.S insoluhle basic compounds if their saturated solutions 
be diluted, as happens in the case of the nitrate of bismuth [Bi(NO:) + 

,)H20 J ~ Bi(OH),N03 + 2HN03• Whether a salt undergoing hydrolysi., 
does or does not form insoluble basic salts depends on the strength of 
the hase, on the power of dissociat.ion posses~ed by the acid radical to 
which the ha~c is joined, and M to whether the acid is an oxy-acid, for 
while, as just stated, mercuric chloride form~ cleaT solutions, mercuric 
sulphate and mercuric nitmte form insolu ble basic salts if they are 
diluted sufficiently. 

In the case of arsenic sulphide, AS2S3! we are dealing \yith Loth a 
feeble kation [As r and a fee hIe anion [8]" but the 8 of the anion is 
stronger than is the As of the kation, in consequence of which the 
compound As2S)), on coming into contact with \yater hydrolyses, which 
means the stronger anionjc S' Ijnks on to two kation'S, HO, of the wa,t,er 
to form SH2 or sulphuretted hydrogen] while the kationic Aso links on 
to three anions. OH', of the ,vater to form As(OH)s. Both SH2 and 
As(OH)3 have the tendency to dissociate electrolytically in such a way 
as to liberate free, acid, hydrogen kations, but the SH2, possessing 
greater electrolytic power, only allo\ys of a \'cry partial electrolytic 
dissociation of the As(OH), radical, the dissociation of the As(OH)" 
being just sufficient to keep it in solution in the. form of particles of 
snch size as to be ctlJ.mble of polarising light, i.e. to produce a colloida.1 
solution. Another way of looking at this question is to say that the 
water + H 2S forms one phase, and that the As(OH)a forms a second 
phase, and that As(OH)3 is soluble in the H 28 + water phase because a 
certain amount of difference of potential -can be set up at the inter
faces, in consequence of which the two phases tend to mix with 0116 

another, i.e, tend to pass into solution. (See the author's definition of 
'solution' on p. 254.) 

The colloidal nature of arsenic sulphide depends thus on the 
partial solution of the As(OH)3 complex. As arsenic sulphide in. pure 
water tends to split up into the two acid solutions [SH]' + n° and 
[As(OH),O]' + H", it wilf he readily understood that the formation of 
these two acids will he prevented by the presence of any stronger 
acid, i.e. of any other acid which, if present in equivaJent amoWlt, 
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win give rise to a greater number of free acid He ions in the same 
bulk of fluid. 

The precipitation of the colloidal arsenic sulphide solution is there
fore in every respect compamble to the precipitation of any non
colloidal acid by the addition to its saturated solution of a second 
stronger acid. 

The next questions are difficult, namely, whether the basic radical 
As20, is appreciahly dissociated into As(OH)3 ;;::: [As(OH)20]' + H', and 
'Whether As2SS may be considered capable of giving rise to such 
complex-ions as [AS20 2S]" and [As20S2r ll or to more complex arsenic
sulph-hydroxyl-ions. As in an arsenic sulphide solution the colloidal 
particles are repelled more from the negative than from the positive 
pole, according to Linder and Picton 1 they must carry negative loads. 
The ~mthor again supposes that the colloidal particles are hydroxy I 
compounds, comparable to colloidal gold, mentioned above on p. 260, 
and that each particle is composed of a sufficient number of arsenic
sulph-hydroxyl radicals to have assumed dimensions larger than one
half a mean wave-length (see p. 258). 

Provided the author's hypothesis is correct, It we may consider the 
solution of an ordinary dissociated electrolyte as representing a double 
, colloidal' solution, and the formation of insoluble hydrates during 
hydrolysis as the precipitation of one of the two colloidal solutions." 2 

"If the aggregated particles in a colloidal solution are completely 
broken up into the composing units by acquiring definite charges; then 
the colloidal solution loses its collQidal character and becomes a solution 
of a completely dissociated electrolyte, as happens, for example, in the 
Case of silicic acid, which in the presence of Hel gives negative results 
with Tyndall's experiment, but which in the absence of hydrochloric 
acid soon undergoes a change by means of wh.ich an aggregation into 
particles is brought about, and now Tyndall's experiment gives positive 
results." . 

The change from a so-called 'electrolytic' into a s~ca.lled 

, colloidal' solution the author explained as follows :-" If to a solu
tion containing a definite number of electro-positive (colloid + BY-ions 
there is added an alkali containing the same number of electro-negative 
hydroxyl-ions, then the H O of the colloid and the OH' of the alkali 
unite to form electrically neutral water, and the colloid, having lost its 
electrica1 eharge, is. precipitated; if, however, not a sufficient number 
(,f OH'-ionlh1f· ... ;, added to bind all the hydrogen-atoms, then the 
colloid-aggregates re-arrange themselves into larger aggregates, which 

. 1 S. F~1Ander and H. Picton, Ohem. Journ. 61. 137 (1892). 
J Mann, Physialogica1llislol()gy, 1902, p. 46. 
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will retnain in 'solution' as long as the H-ions, joined to the colloid, 
enable its aggregates to maintain a definite charge. As the colloidal 
particles become larger and larger, and the number of electrical charges 
for a given volume of solution fewer and fewer, complete precipitation 
'will probably be induced at a time short of perfect neutralisation of 
the charges, because of the specific gravity of the colloid-aggregates 
overcoming the viscosity of the fluid." 1 

'Vhen a colloid becomes iso-electric it ceases to be a collo:id; and 
pro'vided that the framework which is formed during the process of 
rendering a colloid iso-electric is broken down mechanically, the newly 
formed iso-electrical or non-ionised compound will fall to the bottom 
of the vessel as an insoluble precipitate. 

'Yhy the colloid does not unite in every case with the radical 
having the stronger electro-affinity,-why, for example, after the 
addition of an acid the colloid unites with HO, which has less electro
affinity than K" ~ while after the addition of an alkali it does not 
unite with KO hut the OB', which latter has also less electro-affinity 
than K\-seemed, in 1902 to the author, U to be determined by the 
fact that H 0 and OH' are those very radicals which by their union 
form water, and which therefore may have special chemical 
a.ffinities for the colloid, ina..smucb as the latter owes its existence 
to having been formed in water." Now the autYior is of the 
opinion that colloids link on to HO or OR' for the very reaSOn that 
these radicals have less electro-affinity, on the principle that a compound 
hecomes the more insoluble the greater the agreement is in the 
a.mounts of the electro-affinities carried by the kat-ion and by the an-ion. 
According to this view, silver has the same amount of + electro-affinity 
as chlorine has - electro-affinity, and hence silver ~hloride is insoluble. 
The same reasoning woul~ apply to other insoluble salts~ and seems to 
be supported by the fact that colloids carrying a negative charge are 
most readily precipitated by colloidal hydrates carrying a positive 
cbarge. See later, p. 270, under Spring and Biltz. 

In this connection the precipitation of colloidal solutions by the 
addition of I neutral' salts must be mentioned. Even if we assume 
that the added neutral salt does not interfere in any chemical ma.nner 
'with the colloid we are experimenting with, it is eviden~, if the author's 
_view is correct-namely, that electro-affinities in equivalent intensities 
but of opposite sign attached to two radicals lead to these two radicals 
forming insoluble compounds-that salts which are soluble and capahle 
of electrical dis5.ociation must for this very reason be compose4- of. ions 
which dift'e~ from one another as regards their electro-affinities. If, 

1 Manu, PkVtiologictd Histology! p. 46. 
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however, either the kation or the anion is stronger, then thE' unsatisfied 
balance of electro-affinity represents available energy which, when 
brought into contact with conoids, 'will lead to the precipitation of the 
latter, provided that the colloid has all electrical sign which is the 
opposite to that carried by the stronger ion of the 'neutral' salt. 
This explanation offered by the author has further in its farour the 
fact that the electro-affinities of colloids are vcry feeble. 

OK ACCLJMATISATION OF COLLOIDS, AND ON THEIR 'SPONTANEOUB' 

CHANGE 

Before giving further evidence in support of the view that colloids 
aTC electrolytes, it is necessary to discus,'; the so-called' acclimatisa
tion' of colloids and their' spontaneous change.' (See p. 32:1.) 

AUCLDIATISATION.-Freundlich 1 has stated that generally the pre
cipitation of a colloid varies according to the quickness with whic·h 
a given quantity of salt is added. Suppose it requires the addition of 
10 cern. of a given salt solution to produce complete coagulation of 
a colloid, provided the salt solution be added quickly, then after the 
gradual addition of 5 ccm. of this salt solution it will take still 10 cem. 
to complete the coagu}t1.tiOIl. Freundlich comes therefore to the con
clusion that in precipitating a colloid it is not a mere question of 
adding a certain number of ions, and that ·we are not dealing with 
chemical equilibria, but that the agency bringing about coagulation 
is a time-factor, dependent on the rate of diffusion. If all the salt 
solution is added at once, then a marked diffusion of ions is called forth, 
owing to great differences in the concentration of the solution, and 
correspondingly great. differences of potential will he established in the 
biphasic colloid + water system at the limiting surfaces of the two 
phases, in consequence of which rapid' coagulation' will ensue. For 
further information on the views of Freundlich, see p. 268. 

The a~thor cannot accept this explanation, for the conversion of an 
electro-positive or an electro-negative colloid into an iso-electric, i.e. 
non-electric, non-colloidal, or insoluble substance, depends directly on 
the abolishment of hydrolytic dissociation, while the separation of the 
non-colloidal substance is dependent on entirely different causes. If we 
imagine a colloidal solution containing a sufficient number of colloidal 
pa.rticles to allow these to be in actual contact with one another when 

'. they are distributed throughout the solution, it follows that these 
particles muilt aggregate whenever the existing difference of potential 
between the colloidal particles and the solvent is done away with, 

',"' 

1 1l.rt .F.reundJicn, Zeit./. pkllsilr;. (}hem. 44. 129 {19(J3). 
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hecause the surface tensions and consequently the surface areas of 
two substances in 'solution' are inversely proportional to the amount 
of the existing difference of potential. Therefore to remove the 
difference of potential is equivalent to making the particles approach 
one another and collectively offer a smaller surface, for the surface 
increases as the sqnare, while the cubic capacity increases as the cuhe. 

If the solute and the solvent in their free state are both fluids, 
they , ... iII completely separate from one another if in solution, as soon 
as the difference of potential which keeps them in solution is aholishe(l; 
thus water and oil jn the iso-elect·ric state separate into two layers. 
It is guite different, however, if the solute in its free state is, for 
example, such u. solid as arsenic sulphide. By the gradual addition of 
acids or acid S;tlts the arsenic sulphide ,yill aggregate into larger and 
larger particles, till ultimately an exceedingly delicate framework is 
formed in the meshes of which is the solvent. This framew'ork will 
gradually become more and more resistant owing to trw illcrense in 
surfa.ce tension, and therefore the small trabecuhe formed in this 
way will offer greater mechanical resistance to a diminution of their 
surface, and hence we require to add, (after having acclimatised) 
eolloid, r:,till about the same amount of a coagulating electrolyte as 
would have been sufficient in the first instance if we had added it 
(juickly.l 

The real causf', of t,he rapid coagulation of a colloidal solution on 
the quick addition of an electrolyte sufficient, to bring about complete 
coagUlation seems to be the following :-The strong diffusion current$ 
lead to the formation of irregular mechanical aggregates, or to a 
eongintination of the particles as descrihed on p. 274. 

SPONTANIWUS CHAN~E.-For a colloid to chn,nge 'spontaneously' 
is a matter of impossibility, still the expression is used constantly, ann 
therefore an inquiry into the causes leading to spontaneous coagula. 
tion is needed. Hantzs:.ch has shown that certain colour bases are 
especially liable to become converted into pseudo-bases, and, as pointed 
out on p. 219, this conversion is accompanied hy a loss of basic 
capacity; if, further, nlbumins are mixtures of pseudo- bases and 
pseudo-acids, it is quite conceivable that owing to t~e djsappe~nce 
of a predominating acid or basic function the albumin molecule may 
become iso~electrie, and thereby be rendered insoluble. 

Not taking into consideration the possibility of chemical action 

1 The queBtiou as to whether a. colloid, hy forming Il. resisting framework, is ca.pable 
of resisting the electrical stress of an electrolyte by the development of torsional 
electricity CIHUlot be entered into here. 
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such as that due to the liberation of alkalies by the decomposition of 
glass vessels or due to the absorption of gases, the following conception 
seems to the author worthy of being considered :-The transformation 
of insoluble arsenic sulphide into the colloidal electrolytic variety 
requires a strong force to overcome the initi ... tl inertia of the iso-electric 
sulphide, which is helo together by a high surface tension; but once 
hltving been set in motion a comparatively small force 'will be sufficient 
to keep the sulphide in the colloidal state, and therefore it is possible 
to dialyse avmy a great deal of the acid which was required in making 
the colloidal solution without leading to a precipitation of the colloid. 
If, however, a feeble force in one direction is sufficient to maintain a 
colloid in solution, then also will it require only a feeble force in the 
opposite direction to precipitate a colloid from its solution, and this 
accounts for the ease with \vhich colloidal solutions may be thrown 
down. As in the case of a hody once set in motion, its momentum 
will carry it a certain distance, so also in the case of colloids. A 
, solution' made by mechanical means will remain for a. certain time 
in solution, but gradually as the component particles lose their 
momentum it will become insoluble. 

As pointed out on pp. 266 and 323, true 'colloidal solutions' 
depending for their solubility on the presence of electrolytes are 
permanent as long as all chemical change is prevented. 

F{:RTHER EVIDENCE THAT COLLOIDS AUE ELECTROLYTES 

To the same conclusion as the author, namely, that colloids are 
electrolytes, have subsequently come Billitzer, working under Nernst, 
and Freundlich, working jn Ostwald's laboratory. The author's views 
were expressed in 1902 in his PhyWiogi;;al Histology. See this book, 
pp. 259, 262, 264. 

Billitzer 1 arrived in 1903 at the conclusion that colloids may be 
regarded as io~s, for he found it impossible to explain the movement 
of colloidal particles in an electfical field on v. HelmhC?ltz's hypothesis 2 

that a separation of the positive and the negative charge in electro
lytes is brought about by the formation of a double electrical layer, 
which was so constitllted that on two sides of a plane immeasurably 
thin 8 there were developed equivalent' but opposite amounts of 
electricity. 

FreundJith '.""plains the behaviour of colloids on the assumption 

1 Jean BitHtT,er, Ann. d, Pk{/Bik, 316.902 and 937 (1903). 
2 H. v. HeltllbQltl;, Pogg. Attn. 165. 228 (1853). 
11 See LGF,~"elvin, Nature, 3ht Mareh and 19th May 1870. 
~ Herbert lI'ttmndlich, Z£1,t.f. pkyaik. Ohem.44. 129 (1903). 
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that the surfaces of colloidal particles are semi-permeable, which 
means that they allow of the ready pas.sage of ions of the opposite 
electrical sign to that carried by themselves, i.e. of either kations or of 
the anions, "rhile the other ions which cannot enter the colloidal 
particles remain in the solvent. This 'explanation amounts to the 
same as that given by the author, namely, that the [colloid + the 
entered ion] is an ion. Very interesting in this connection is an 
observation made by A. Fischer, l who noticed that "the basic dyes 
are absorbed at once by the acid nucleoproteids, while with acid 
stains there is a delay, in about the proportion that methyl green ,dB 
have stained already intensely, when acid fuchsin only just shows the 
faintest indication of staining. In the course of ten minutes, 
however, this difference disappears in material which was fixed in 
indifferent reagents." Reversely H the acid dyes diffusing through 
the sections stain at first only the cytoplasm, and several seconds 
later the nucId, which ultimately arc also stained as intensely as the 
cytoplasm,» Fiseher failed to understand the importance of hi.s own 
observations, for he uses his facts to prove the absence of any real 
Jifference in the absorptive powers of nucleins with regard to acid 
and basic dyes; while to the authpr,:l Fischer's observations have 
this significance: each particle, either kat~ioll or all~ion, has an avers:on 
f01" ions of its own kind or those of the Same electrical sign; thus the 
positive kat-ion HO will not only repel other H'" ions, but aIso, for 
example, those of potassium, K 0. On the other hand, positive 
kat-ions will readily unite with negative an-ions. 

The view that colloids are electrolytes is further supported by the 
fact that colloids of opposite electrical sign precipitate one another, as 
has long been known to histologists. Romanowsky 3 in 1891 com
bined eq_ui-molecula.r proportions of the basic methylene-blue and the 
acid eosin, and thus obtained the water-insoluble eosinate of methylene~ 
blu.e. 4o Quite recently the same phenomenon has been studied by 
Biltz,5 who calls these unions' adsorption-compounds' (see p. 270). 

Alter giving various lurther examples 01 the fact that hydrosol. 
of opposite electrical sign mutually precipitate ODe another if they 
are mixed in equivalent amounts, he shows that mixtures of 
hydrosols possessing the same electrical sign-such as the purple of 

1 A. Fischer. l'Wrung, FiJ,rbwng und Bet'll. des P)'otoplomn4!J, 1899, p. 94 
2 Mann. PlrflsiolagUxd HistukJgu, 1902, p. 339. 
~ Romanow-sky, Zur Pra{Je d. ParMital. u. d. TMrap. d. Malaria, tit. Peterslmrg, 

1891. ' 
.. Other iUl:Itauces are giveu in the editor's, PhykiolvgicallJi8lology, pp. 441-4.14. 
~ W. BiItt., "Mutual Interaction~ of Conoidal Substances," Her. d. tkntsch. rll(lIt. 

a",u. 37. 1095 (1904). 
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Cassius, '''hieh is a hydrosol of ~tannic acid and gold-are thrown 
down together by electrolytes having the opposite electrical load. 
He also found that the precipitating action of mixtures of electrolytes 
nnd colloids is an additive effect, and tlw,t in many cases an action 
\vhich seems to be brought about by an electrolyte is caused at least 
partly hy the presence of colloids. In tbis connection he draws atten
tion to the work of Spring, I who shmved that solutions of the salts of 
plurivalcnt metals (such as aluminium chloride or ferric chloride) are 
not optically void, and therefore must contain colloidal hydroxide: 
and also to the work of Mylius,2 ·who accounts for the fact that meta
phosphoric does, while orthophosphoric does not, coagulate albumin hy 
showing that metapbosphoric acid contains polymolecubr particles, ·i.e. 
that it is in fact n, 'colloidnl' solution. Mylius furt,her shows that 
an acids which precipitate ordinary white 01 egg, after it has teen 
rlilut,ed, contain complex molecules. 

Biltz objects to a chemical explanation of colloidal solutions, and 
considers Bl'edig's view to be correct, namely, that the cause of the 
relatively great stability of pure colloidal solutions is the electrical 
ditference of potential hetween the colloid and the solvent. The author 
·wiilhes to point out that according to all Jaws of physical chemistry 
t,he first essenti<LJ for chemical interaction is the establishment of an 
electrical load, or, in other \vords, that only those suhstances ,vIde}! 
carry an electrical load are capable of acting upon one another 
'chemically.' To say, as does Biltz, that we are dealing with 
adsorption-phenomena \\'hen a colloid is precipitated, is not giving an 
explanation at all, but amounts simply to stating the premise over 
again in a roundabout manner. If the cause of the adsorption is the 
ionic difference of potential hetween two substances, then adsorption 
means simply cbemical union. 

The inter-relation of suspensions and colloids in viscid media j tht' 
behaviour of .colloids upon one another, and how under certain circum
stances one colloid may prevent the precipitation of a second colloid,
are fully discussed by Arthur Mullel'.' 

Whitney and Ober 4 were able to show that different metals com
bine in equivalent amounts with colloids in forrning precipitates, 
thus:-

I Hpl'iug, RuU. de l'~lcad. Itoy. de Belg. 1900, p. 483. 
2 F. Myli(IS, JJcr. d.,..deuts,:'k. CM/lt. G'cs. 36. 775 (1903). (The reader's attention is. 

i;)o;pt:cially direeW,t(j.i« imporlallt paper.) 
3 Arthur MUller. ibid. Ges. 37. 11 (1904). 
oj Wl)itney and Zeit. f. phyitik. ahem.. 39. 630 (Hl02). 
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l()i)l;ctll. 

100 eClI1· 
lOO('em. 
lOOceul. 

Clllodde SahlUOlls 
2fJ(·cm. 

K 
Ba 
Sr 
Ca 

2'00 
0'1394 
0'1071 
O'Oi06 

This tahle is exceedingly interesting, because it shows not only a 
marked difference hetween the monovalent potassium and the divalent 
hal'illm, strontium and calcium, confirming Hans Schultze's 1 observation 
that the rclatillc coagulatire power of mOIHr-, di~, and tri'wtlent met8ls 
varies greatly, l,ut also shows, according to the author's opinion, that 
within the divalent metals the pO'wer of precipitating colloids increases 
with the diminishing electrb·affinity of the metals. 2 This fnet is a 
farther suppLJrt of the author's views OIl electrical dissociation and 
solubility of salts, see pp. 2N5, 26:\ and 289. 

The fact that colloids may decompose such a 'neutral' salt as 
harium chloride and induce its hydrolysis sho'ws that colloids must 
l,c chemically active, i.e. that they must he electrolytes or hydrolytes 
(see pp. 254-, 2.16). The first observer to point out that • in~rt ' 
substances may decompose noutral salts in the presence of water, and 
that they may join either with the acid or basic radical set free, was 
Y. Bemmelen,3 who investigated such porouE! substances as aUlmul 
charcoa.l, silicic acid, and coagulated colloids. 

CRANGES I~DUCED IN COLLOIDS BY PHYSICAL AND 

CHEMIOAL l'iIEA!'1S 

The autbor's view that colloids are electrolytes and capable of 
reacting with HO and OR' ions was expressed by him in 1902 4 in the 
following way: 

"(1) Direct union between an acid and the colloid: 

+ 
Colloid + H el + water ~ (colloid + H) + el + H20. 

[In this case the ion (colloid + Ht is a complex iOIl, comparable to 
the ion (Ptel.)" of the so·called platinum chloride HzPtCI".] 

1 Han!> Sclmltze, "Sc}lwefe]arsen in wiisseriger Ltis1lD8." .To'U'ffl. f.praJ;t_ Ckem.25. 
431 {1l382}, and 26. 320 (1883). 

2 MaUll, Pltyswlogica1 Hitttology, p. 14. A table of eloctfO-affinities copied from 
Abegg and Herz is given 011 p. 313 of thhi hook. 

3 v. Belnillclen, Zeit. J. anorg. Clum. 23. 321 (1900). 
4 Mlum, Pk!lswlagWal Hlddogy. p. 48. 
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"(2) Indirect action of a kat-ion radical on the colloid: 

+ + 
Colloid + water + HCI ~ (colloid) (water) H + OJ. 

[In this case the colloid acts as a dielectricon 01' a body which has 
no electrical cha,rge of its own, but in which an electrical charge may be 
induced owing to the colloid being a hydrate. The author holds further 
that the development of a charge in a 'dielectricon ' is accomp<lllied by 
some kind of definite chemical change in the dielectricon.] 

"(3) Direct action of an an-ion radical on the colloid: 

+ - + 
Colloid + HOI + water = (colloid) CI H + water." 

"In this last case the chlorine-ion, which has greater negative 
electro-affinity than the hydrogen-ion bas a positive-affinity, may be 
assumed to satisfy its full negative-affinity by evoking a positive 
~esponse of the colloid, in which case the positive HO and the positive 
colloid o will together completely balance the negative Ol'." [See also 
the author's definition of a neutral salt, p. 265 of this book.] 

The changes which colloids-defined in the manner just given
may undergo, were then classified in this way: 1 

"(A) Changes in temperature leading to 'setting) : 
1. By lowering the temperature. 
2. By raising the temperature. 

"(B) Mechanical sha.king producing 'conglutination': 
"(0) Physical factol's inducing' coagulation' : 

1. By alterations in the electrical tension between the colloid 
and its solvent. 

2. By dehydration (or l salting out T 
"(D) Chemico-physical factors causing' precipitation,' owing to~ 

1. .~ withdrawal of the H' or OH' radical of the colloid. 
2. A removal of salts. 
3. The formation of insoluble or irreversible salts. 
4. Heat action. 

"(E) Chemical action accompanied by physical change, owing to. the 
formation of additive compounds between colloids and non-electrolytes 
by the process of oxidation or reduction." 

This clas',ification has again been adopted in the following pages, 
with the additiM of-.>~hapter on so-called spontaneous coagulation on 
p. 323. (Ree ..t;,;, p. 266.) 

1 M:UlD, Physiol. llWiJl. p. 48. 



VIII THE GENERAL PHYSICAL PROPERTIES OF ALBUMINS 273 

1. Setting of Colloidal Solutions. 

This question has been investigated by Hilrdy,1 who calls jellies 
which on heating become fluid, and on cooling revert to the solid 
state, 'reyersible jellies.' 'Vhen colloidal matter occurs in the state of 
a gel, wllich means a mixture of a fluid and a solid, then" it may consh:;t 
of a solid mass containing spherical fluid droplets, or of solid droplets, 
which by hanging one to tho other form a framework, in the spaces of 
\\"hich fluid is held. These terotypcs present important mechanical 
Jleculiarities. The fonner is firm and elastic, and it maintains its 
structural integrity eyen under high pressure. The latter is much more 
brittle and manifests a tendency to spontaneous shrinkillg, -which is 
due to a continuous illcrease in the surface of contact, or possibly 
union between droplet and droplet. These gels with the open solid 
frame\york therefore speciaJly manifest that property of spontaneous 
shrinkage to which G-mham appEed the term 'synaeresis. J " 2 

The author believes that the setting of gelatine which occurs on 
cooling is in every respect comparable to the firming which molten 
alloys of metals undergo when they are cooled. -What attracts mole
cules 3 of the same kind to one another when the temperature begins to 
fall is the circumstance that they possess the same surface-tenf'ion; 
or with other -words that they cannot develop amongst themselves 
a difference of })otential, which according to the authol)S view is 
essential for the diffusion of one substance into another one, as ex
plained on p. 255. As, further, a solution containing an electrolyte 
becomes a better conductor when it is heated, and as this increase in 
conductivity is not due to an additional electrolytic dissociation of 
salt-molecules, it must be due to an increase in the mobility of the 
already existing ions. lYe find, tberefore, in a cooling salt solution an 
increasing rigidity of the ions analogous to the incr&'l-sing viscosity of 
a cooling gelatine solution. 

'Vhen a gelatine solution cools, we hM"C, therefore, firstly an aggre
gation of the gelatine molecule on the one hand, and of the water 
molecule on the other hand, because each species of molecule possesses 
one surface tension, and secondly a (setting' owing to the firming of 
each individual molecule. 

As examples of a partial setting when the temperature is raised 

I Hartly, Joum. If/ Physiu/. 24. 1i2 (1899). 
:l For further illformation see author, l'ltysi-olvgitalllutoloIlY, p. 49. 
:I The expression molecule ~ meant to ille1ulle every ldlld of particle, from an t11ectron 

to the largest a.ggregate (If ll.tom.~ {'<lIpahle of formillg 8 (lefinite OOllJp<.luud. 

T 
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may be mentioned, the coagulation of the caseinogen salts of calcium, 
magnesium, barium, strontium, caffeine, and strychnine, wbic1l, accord
ing to Osborne, 1 occurs bet"\,yeen 35° and 45°. 

2. Conglutination or Aggregation by Mechanical Means 

Berthold 2 observed in 1886 that 'mechanical coagula' may be 
produced by shaking white of egg with distilled water, and that this 
coagulum has the fibrillar appearance described by Flemming as 
occurring nonnally in protoplasm. Ramsden 3 then fonnd, quite 
independently, tbat solid molecular aggregates of albumin may be 
obtained hy mere agitation of various albuminous solutions. 
Filtered, clear solutions of white of egg, for example, on being shaken 
in a test-tube soon form m;tsscs in the shape of long strands and 
flocculi. The results of Hamsden have heen criticised by Starke,4 wbo 
believes that these mechanical coagula are due to a drying of the 
proteid solution 'whenever it comes into contact with air. To prove 
his point he fills a bottle completely with proteid solution, drops in 
pieces of glass rods, corks the hattIe to exclude all rur, and then ~hakes 
vigorously for some weeks and obtains no coagula. Such an experi
ment excludes) hO\vever, those very conditions as to surface tension 
which are necessary for Ramsden's results (see below). 

The author.'j lIas explained the formation of me~hanicaJ aggregates 
by assuming that the particles, which give rise to visible masses, adhere 
to one another as would pieces of butter or any similar substance, on 
being thrown. together. The author introduced, fol' the purpose of 
making a sharp distinction between chemical coagulation and the forma
tion of mechanical aggrega.tes for the h\tter, the term' conglutination,' 
and explained the formation of mechanical aggregates on shaking, for 
example, ~ solution of egg-white in the following way: "The molecules 
of white of egg in a dilute watery solution mny he ~supposed to be evenly 
distributed and spheroidal in shape. If in sufficient number to touch 
one another, regular geometrical figures will result, as are seen, for 
example, in foams, with this difference, that each space in the foam 
must be imagined to be fi1led lJY one molecule of proteid. Such 
solutions of 'proteid' appear clear, because all the molecules, being 
symmetrically arranged, will form a homggeneous mass." 

"'VberG the solution is in contact with the air, as on its free 

1 W.·H. Otborne, Journ. <If Phl!siol. 27. 398 (1901). 
~ Brerthold, Studien iJ.ber, Protoplaam.amechanik (1886-). 
~ Ramsden, Arch. f. (Anal. 1t.) Pkyaiol. 1894, p. 517. 
, ~ Zeit. J. 1Iwl.4O. 419 (1901). 
ti )f~ Phy8iological Histology! 1902, p. 51. 
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surface, the proteid~molecules are subjected along with the wateI'~ 
molecules to the effect of sul'iace tension, and may be supposed to iDIm 
collectively an elastic ~teid membrane. The latter appears clear, 
because the component molecules are all similarly arranged, forming a 
homogeneous layer. By shaking, the surface particles are, suddenly, 
partly released from tenslon and partly subjected to still greater stress, 
and being unable to resume at once the original shape, owing to their 
yiscosity, masses of distorted and compressed molecules will be pro
duced. On continuing the process of shaking, the already-formed 
aggregates act as nuclei to which other surface molecules a,ttach them 
selves, and thus strands and fibres are formed of sufficient size to 

. become visible to the naked eye.-' 
In further support of this view it was pointed out hy the author 1 

that "the tendency of weak alcohols to prevent the formation of 
mechanical coagula is very interesting, and is probably due to a double 
action, namely, partial dehydration of the proteid molecules, and also 
to an alteration in the surface tension of the fluid." 

More recently Ramsden,2 by ingenious experimentation, has suc
.ceeded in showing that true membranes are actually formed, au'd that 
an essential condition for the formation of these aggregates is the pres
ence of a free (i.e. gas or air) surface, and that aggregates similar to 
those formed by egg-white may be obtained with aU proteid solutions, 
including even the simplest peptones, and with a "cry large number 
of other colloidal substances (soap, quinine, ferric hydrate, saponin, 
aniline dyes, etc.). 

At any appropriate surface particles of the previously dissolved 
.colloid pass spontaneously out of solution and form a delicate surface 
pellicle which exhibit$ many of the characteristic properties of solid 
ma.tter. This rea.rnmgement of the system: 

\Vater ;: dissolved colloid ;: gas, 

is due to the fact that the total energy of surfa.ce tension is 
thereby diminished. If su~h a surface with its coating of solid 
particles be forced to diminish rapidly in area, these particles are 
heaped up and become visible as 'mechanical surface aggregates,' 
which in some cases (aerum--albumin, quinine, peptone, aniline dyes, 
etc.) are completely resoluble in the mother liquid; in other cases 
(egg-albumin, ferric hydrate, acid- and alkali-albumin) portions of the 
aggregates are found to have been rendered permanently insoluble, 
i.e. to I,.ve been' coagulated.' In a paper not yet published, &msden 

1 PkysiQlogical Histology, 1902, P. 104. 
II ~. Ramsden, p,.oe, ROJl. Stx. 72. 156 (1903). 
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shows that with egg-albumin only the lines of maximum shear (the 
wrinkles) persist as coagulated proteid, while in the intenals between 
these lines the coating particles retain their ~lubility. 

l\fechanically coagulated proteid thus obtained bektrS a strong 
general resemblance to fibrin, and, like fibrin, can be 'coagulated' still 
further by beat. Hamsden maintains that mechanical surface coagula 
must be regarded as consisting of chemically unaltered colloid 
particles which hy mere mechanical inpaction have been drinn into 
closer physical union. This union is held by Ramsden to be physica.l 
rather t,han chemical, in the same sense that the union of silicic acid 
particles mllst he regarded as physical, when a colloid solution of silica 
is coagulated by the addition of an electrolyte. l In all such cases 
there is no limit to the size of the molecule which can be built up, 
and the chemical term 'polymerisation ' is undesirable, since jt would 
then be necessary to regard the continuous solid framework of a gel 
as composing OIle large molecule. 

Ramsden therefore advances the vie"w that some forms of 
coagulation, including mechanical surface coagulation, and fibrin 
formation (see p. 382), are essentially physical processes, due entirely 
to the close physical union of previously distinct colloid particles and 
invohing no demonstrable chemical change. 

Incidentally may be mentioned that all bubble-forming liquids have 
been shown by Ramsden to yield mechanical surface aggregates, and 
conversely that the power of forming thin films, bubbles, or froth, in 
any limpid liquid, is due to the presence of solid surface coatings. 
Similar1y the permanence of any good emulsion js due to t,ho forma
tion of a coating of solid particles, or veritable haptogen-membrane, 
at the interfaces between the emulsified globules and the menstruulll 
in which they are suspended. 

The haptogen-membrane which forms when milk i~ hoiled is fully 
discussed lly Jamison and Hertz. ~ 

3. Coagulation due to Alterations in the Electrical Tension 
between the Colloid and its Solvent. 

An electrolyte in dissociating into its ions always gives rise to an 
amount of positive electricity which equals the amount of negative 
electricity, and the electrical ch.'l,rges are carried by the ions. Each 
kind of ion travels, furtber, with its own velocity, the two fastest ions 
being the add hydrogen- and the alkaline hydroxyl-ions. 

If now, for example, hydrochloric acid is poured into water, the 

t ··t1be author does not hQM this view; see pp. 268-271-
:t R. Jarni~on and A. J;'. HeI"tz, JfYltrn. of Physiol. 27.26 (1901). 
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posItIve hydrogen - ions, traveBlng much faster t}lan the negative 
chlorine-ions,l will diffuse more quickly into the surrounding water, 
and, carrying their positive charge \vith them, render the region of the 
water where they arrive more positive than that part containing the 
slowly wandering chlorine ions. If one electrode is placed where the 
hydrogen-ions are abundant and another one where the chlorine-ions 
were left behind, an electrical current can be readily demonstrated. ~ 
Similarly, if we start with a liquid chain composed, for example, of 5 
molecular per cent sodium chloride solutions at the ends and 10 
molecular per C1?nt hydrochloric and 10 molecular per cent caustic soda 
in the middle, 

1

_-- 5 ·-I~er ~;ellt '--I 10' per cent ,-

__ _::_~~ __ J ~aOH 

then by the interaction of the alkali and the acid a 5 molecular per 
cent salt solution will be formed in the middle: 

On diluting A and E a current will pass from B to D, that is, from the 
alkali to tIle acid, because the hydrogen-ions, He, will pass from D into 
E more quickly than the chlorine-ions, Cl', and similarly the hydroxyl
ions, OR', enter A more freely than do the slower ions; therefore an 
excess of negative chlorine-ions being left in D and an excess of posi
ti\7C sodium-ions in J3, the latter becomes electro-positive to D and the 
current in the solution passes from B to D. 

The same result will be obtained by strengthening the salt solution 
in 0, and for the same reason. 

On strengthening the'salt solutions ]n A and E, or by diluting the 
salt solution in 0, a current "rill be set up from the acid to the alkali) 
from D to B, because the fast hydrogen-ions will carry their positive 
charges from D to C a.t a quicker rate than do the slower llydroxyl
ions carry their charge from .ll to C. \Yhen the hydrogen-ions meet 
the hydroxyl-ions, neutral water is formed, but there being, owing to 
the rate of migration, more hydrogen~ions than hydroxyl~ions, a posi
th'c stream is set up from D to B.3 

Should precipitates be formed which do not act as conductors, such 
I Hyiliogell-ion::::-320; OH-ioll=li4; chlorine-ioll=65; K-ion=65; Na_ioll=44. 
2 The idea th.at differences of potential are due to differences ill tIl(' rate of migration 

of ions was first suggested by Nernst. 1888. 
!\ Worm·Milller, Poggendu'l',ff's Annalen) 104. 114 (1870). See also Max Oker 

Blom, Pfluger's .A1'ch. 84. 191 (l901), 85~ 543 (1901). 
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as are obtained on coagulating egg~white, there is set up but little 
interference with the strength of the current. 

In the liquid chain represented above by A to E, we have salt 
solutions at the end, while in the middle are equivalent solutions of 
alkalies and acids in equal volumes, and of such strength as to form 
by their union a salt solution of the same concentration as seen in 
the end-links A and E. Given such a chain, no current is set np, 
though a chemical union takes place. 

If t'iYO solutions of an acid varying in their concentration are inter
polated bet,!"cen the same salt solution, a current passes from the 
stronger to the feebler solution, the electro-motive force increasing 
with the difference in concentration. If the dilnte acid is replaced by 
water, the current passes from the acid to the water, and with the 
dilution of the acid diminishes in electro-motive force. Here again 
the current is caused by the hydrogen-ions migrating rapidly from a 
place of greater to that of lesser osmotic pressure, although the hydrogen 
-ion is not subjected to a greater pressure than is its fellow ion. 

The greatest difference of potential will bc set up in solutions to 
which is added an electrolyte the radicals of which differ greatly in 
their rate of migration, as is the case with hydrochloric acid, for 
example, H O = 320 and el' = 65, while no differences of potential can 
be obtained, for example, from potassium chloride [KO = 65 and 
CI' ~ 65 J. The facts just stated will allow us to understand, if 
colloids owe their existence to carrying definite charges, how such 
charges will be influenced by electrolytes; how in some places the 
colloidal charge will be diminished while in others it will be in
creased, or what comes to the same, how in the former case bigger 
aggregates are formed, while in the latter instance the original 
aggregates will become smaller or even pass into solution. Thus by 
the diffusion of electrolytes alone the original state of the colloid 
becomes grfilatly altered, and if in addition new insoluble compounds 
are formed between the radicals of the electrolyte and the colloid, then 
the temporary structural changes brought about hy the disturbance of 
the electrical equilibrium may become' fixed.' 

The author has explained on p. 259 that, according to his view, a 
colloid remains a colloid only as long as it carries a definite electro~ 

positive or electro-negative load, and that a non-electric condition is 
induced by ions of the opposite electrical charge (Picton and· Linder, 
8;pring)---4l; ,,,,. ~ is also supported by Hardy's experiment on heat
coagulated albnmin. The latter in an alkaline solution behaves as an 
anion, while in "Il.acid medium it behaves like a kation. The author 
assumed that ll<~n. or OlI'·ions combined with the colloid to form 
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complex-ions, Of, as he put it in 1902, in his Physiological Hi,stologYI p. 
46, " If the aggregates in a colloidal solution are completely broken up 
into the composing units by acquiring definite charges, then the colloi
dal solution loses its colloidal character and becomes a solution of a 
completely dissociated electl'olyte. Reversely, if to a solution contain
ing a definite Ilumber of electro-positive (colloid + HO) -ions there is 
added an alkali containing the same number of electro-negatiye 
hydroxyl-ions, then the H'J of the colloid and OR' of the alkali ullite 
to form electrically neutral "rater) and the colloid having lost its 
electrical charge is precipitated; if) however, not a sufficient number 
of OH'-ions were added to bind all the hydrogen-ions, then the eolloid 
aggregates re-arrange themselves into larger aggregates. which will 
remain 'in solution' a'3 long as the H-atoms, joined to the colloid, 
euable its aggregates to maintain a definite charge. As the colloid 
particles become larger and larger and the Dum ber of electrical charges 
for a given volume of solution fewer and fewer, complete precipitation 
will probably be induced at a time short of perfect neutralisation of 
the charges, because of the specific gravity of the colloid.aggregates 
overcoming the viscosity of the fluid." The same principle llas recently 
been put forward by Billitzer,l who, without accounting for the reason 
why colloids possess their original charge, simply states that the pre~ 
cipitating ion is carried down by colloids in such quantities as have 
sufficed to electrically neutralise the original charge on the colloidal 
particles: "Because an ion carries a load, which is considerably in excess 
of that carried by the suspended particles of the colloid, an electrical 
neutralisation of conoidal particles can only occur, if so many colloidal 
particles aggregate round an ion as to neutralise its charge. Hereby 
complexes of large diameter are formed which are thrown down along 
with the precipitating ion whenever the critical point has been reached 
at which the forces of gravitation make themselves fe1t. The ions 
form condensation-nuclei round which the suspended particles aggre
gate.1I Billitzer also speaks of true and false colloid5, the former he 
believes to be precipitated by whatever electrolyte one adds, while 
false colloids are characterised by being only precipitated by one set of 
electrolytes, while others instead of causing a. precipitation may lead to 
greater subdivision of the particles. As examples of false golloids are 
mentioned especially gelatine and egg-white. 

The division into true and false colloids is quite untenable, 
Billitzer has not taken into account tha.t the ooagulation of his' true I 
electrolytes is brought about by the difference in the rate of diffusion 
of the ioJ'lB of the electrolyte which i. added, nor has h. in the 'fal •• ' 

1 J. Bini ... ,. ~. f. phy"". C",",. 61. IllS (l!l05~ 
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colloids taken into account the amphoteric character of amino-acids and 
therefore of albumins. 

Billitzer objects, hm,Tever, to having the tenn of false colloids 
restricted to those ."hieh possess a molecular weight of less than 
30,000, as Sahanajew· 1 proposes to uo. Billitz€l'in 1905 bas, bowcycr, 
arrived at the same conclusion as the author did in 1002, namely, that 
colloids are feeble electrolytes, see p. 2'19. 

4. The Salting-out of Albuminous Substances 

Alhuminous suhstances mar he precipitated from their solutions 
withont undergoing any alteration, hy various inorganic salts. 

Vireho)" in 1854 first stated ~ that magnesium sulphate (which 
Clu.ud Bernhard had introduced), sodium chloride, and sodium sulphate, 
by abst.racting water from albuminous substances in solution, rendered 
them insoluble. 

Hofmeister 3 in 1 M86 also suggested quite independently that such 
neutral salts as sodium or potassium chloride and sodium nitrate 
coagulate albuminous matter by withdrawing water from the albumin
molecules, as these salts have a greater affinity for the water than 
has the albumin. 

Kasse, in 1887,4 was of opinion that coagulation did not depend 
merely on the albumin molecules in their struggle for water becoming 
.-anguished by the salt molecules, because the quotients of the COll

centrations of certain given salts, necessary for producing coagulation, 
arc not the same for different albumins; thus in the case of ammonium 
and magnesium ·sulphates, the quotients were for: 

Gelatine 

0'84 
Egg-white 

1'03 
Serum-albumin 

0'94 
Hemi-albumose Peptone 

0·85 I 

Although N asse believes that in gelatine we are dealing practically 
with dehyd,n\.tion, there is no doubt that other factors have to be 
considered as well, in salting out with neutral salt-solutions. 

In 1888 Hofmeister J pointed out that whatever the nature of a 
colloid, the salts always came in the same order, if the concentration 
at which they commenced to precipitate was made the standard. 
But on studying his tables the agreement is not a complete one. 
That the essential factor, when neutral salts are used, is one of ~alting 
out the author firmly believes, and in his Physiological Histology he has 

1 SalJauaJew, JO'tl,';·,t. it russ. chcJJi,. Gf.~. 1891, 11 80.-Ahbtracteu in Chem. Centralbl. 
189], I>. 10. :l Yirchow, FireJww's Arch. 6. m:.l (1854). 

:j }'~rallz HofJlJeister, ...trek/. Pat}tol. 11. PJlarmuk. (1886). 

-l Na8~c. Pjlii.ge{ll~rch. 41. {l887}. 
~ Hofllleister, A,'Clt./. e;rpcriment. Pat/wl. u. Plutrmnlt. 24.247 (1888). 
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compared the precipitation of an albumin to the crystallisation of a 
supersaturated solution. The idea, that salts act as (dehydr:tting 
agents,' has been followed up by s~veral of Hofmeister's pupils, and 
in particular by Kander 1 .-md Lewith,:} and in a modified form by 
Spiro,3 Posternak,4 and Pauli.,} 

Kander introduced the principle of fractional precipitation as 
described more fully below, while Lewith determined experimentally 
a number of salts that do ( -+- ) or do not (~) coagulate albumin. 
His rel;ultE>, arranged in tabular form by the author,0 are as follows:-

Lime salts occupy amongst the alkalies and alkaline earths a 
peculiar position, as they lead to the formation of insoluble precipi
tates. Sodium phosphate and chlorate coagulate only slightly, while 
potasSi"'.lID chlorate does not coa.gulate. 

The effect of saturated salt solutions on albumin·is as follows :-

i:lalt. EIfert on Albumin. 

j Potassium acetate Complete precipitation or all proteids except 
peptones. 

I Ammonium su!!,hate 

I Zinc sulphate 
! 

Complete lll'ecipitation of all proteids except 
peptones. 

Complete precipitation of aU proteidE:! except 

1 Sodium chloride . 35 
I Magnesium sulpbate :l~i'8 

Potassium sulphate . I 1:C5 
Sodium sllIplmte • 

peptones, 
Incomplete globulin 11recipitation, 

, Complete" " 
! No precipitation. I Incomplete globulill precipitatjon at ordinary 
I temperature, but complete precipitation, 
, reaelllbliug that produced by ammonium 

slIiplJ.ate, at 37°. 

1 KJlUder, Arch. J. fJ"-pJl·ime1lt. J'alltol. I~. Pharmak. 20. 411 (1886). 
'l Lewitb, ibid. 24. 1 (188B). 
3 K. Spiro, Physik. u. physwl .. &l,ektion: Habilitationsscluift

J 
Stra.>sburg, lS~7 

~'1.1l(1 in Hofmeister's Bl:itrii{!e, 4. 300 (UlG3). 
oj Swigel Posternll.k, AML. de l'lust. Pasteur, 16. pp. 85, 169, 451, 570 (1901). 
D W. Pauli, HofnteiBter's Beilriige, 3. 225 (1903). 
6 Mann, PitY(Jiological Histology, 1902, p. 81. See also p. :')2. 
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Spiro 1 regards the salting-out process in the light of the laws 
regWIating the coefficiency of distribution. This is fully discussed by 
the author in his Pl?,?Jsiological llistoloqy,::! who there points out that 
to say a suhstance distrihutes itself hetween two other substances, as 
does, for example, an organic acid between ether and water, is not to 
give an explanation at aU, but amounts simply to a recapitulation of 
the fact. For an explanation \ve Ihust know 'why' any given 
substance distributes itself by preference in one of two substances, and 
such an explanation must haye 11 chemical basis. 

:From the taIlle on p. 281 showing the effect of saturated salt 
solutions on albumi~lOus substances, it is eyident that solutions 
behaye quite differently according to the nature of the salt. If we 
multiply the soluhility by the molecular weight we find ammonium 
sulphate, potassium <l-cetate, ahd magnesium sulphate agree in gh'ing 
high figures as compared with sodium chloride, lmt potassium sulphate 
does not coagulate although it gives a higher figure than does sodium 
sulphate.s 

Posternak published in 1901 4 an extensive series of experiments 
on coagulation, but this work escaped the author in the summary of 
colloids in his PIt,llsiuZogical lfh;fology. Posternak believes colloids to be 
characterised hy being in the form of micellre, a'term which was first 
used by v. Niigeli." A micella is defined by Posternak as the 
smallest quantity of a colloid, possessing the physical properties of 
the colloid taken as a whole, and formed by the association of 
molecules of large size. A micella is, however, not of invariable size, 
for it may be diminished more or less according to the number and 
the mobility of ions present in the solution. The ions diminish the 
size. of the micellre by imparting to them an e1ectrica.1 charge, the 
diminution in the size of the micellar magnitude being proportional 
to the charge or to the electrifying power of the ions, and therefore 
an insoluble colloid cannot dissolve in distilled water. \Vhile according 
to Posternak's ,rjew ions have the tendency to produce a solution of 
the colloidal micellre, non-dissociated salt molecules. are believed to 

have the opposite effect, i.e. to produce precipitation. A struggle is 
believed to go on continuously between the ions and the non-dissociated 
molecules, and the greater the mobility of the iOlJlj the less protected 
will a micella be. Thus if sodium chlonde and pot.a.asium chloride 

I K. Spil'Ql Boj~:8 &itriige, 4. 300 {1903}. 
z Mann, P~HistoWgY, 1902, PI" 328, 831, 311. 
;t Manu. Ph~ HistolOffll. 1902, p. 31. 
..10 Swigel PosUntak. Ann. d~ rIM. Pasteur, ~5~ pp. 85. 169~ 451, 570 (1901). 
$ C. v. Nligeli, ,~ni8t:ik·pkll~ TMorie d. AbstammungsleJm; MuncheD 

antl Leipzig. 18B:'- <" 
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be added in equivalent amounts to two portions of a. 1 : 1000 IICl· 
solution of the reserve materia.l from the seeds of Picc(! e.rcel,~a, the 
sodium salt will cause a precipitate long before the potash salt does 
so, hecause the mobilities of the sodium ion are much less than that 
of the potassium ions, namely, as 44'4: 6,5'2. Similarly equivalent 
solutions of the chlorides of magnesium, strontium, and harium stand 
in the proportion~ of 0'311: 0'366: 0'414, while the mohilities of 
the8e elements are as 49: 54: 57'3. Posterna.k was, however, not tht~ 
tirst to point out the importance of the mobilibity of ions; this was 
first done by Spring 1 who compa.red solutions having the same COD

ductivity (chlorides of K, Na, Nb. Li, Ca, NH3) and found that they 
produced flocculation in the order of the mobility of their ions, except 
in the case of lithium chloride, which takes much 1<:'.<:;s time to coogulate 
than does the potash salt, because lithium chloride undergoes hydro
lysis and thereby giy~S rise to the formation of hydrogen iOllS, which 
possess the grt"atest mobility. 

In addition to the changes which m~cellie undergo under the 
influence of ions and of non-dissocjated salt molecules, they are said 
to possess 'adhesiveness,> a term based on Duclaux's 'molecular 
adhesion,' which is the same as what others call' surface attraction' 
or 'adsorption.' As the adhesive energy is proportional to the 
extent of the surface, and as different albumins differ from one another 
in the degree of their adhesive affinity, it follows that albumins of 
different origin must possess micellro of different sizes. As a.n 
increase of temperature augments: the micellar I adhesiveness' the 
micellre must possess the power of increasing their surface with a 
rise of temperature. This increase in size is termed micellar dilata
bility or elasticity. 

Posternak does not believe in the Virchow~Hofmeister explanation 
of the action of neutral 'salts in coagulating albumins by the with
drawal of water, as the reserve material of Picea eTaisa seeds dissolved 
in 1 : 1000 Hel is readily precipitated by traces of salt, while it is 
not rendered even cloudy on being saturated with glucose (see also 
Spring, p. 298). He believes the micellre of albumins to be provided 
with Ehrlich'. haptophore-groups, by mean. of which they attract the 
non-dissociated salt molecules, which then form a protective envelope, 
and so protect the micellre from being dissolved by the ions, as 
explained .bove. 

The weaker a solution is in proteid the greater must be the 
amojIDt of salt we require to add to produce Boccul&tion: 

1 W. Spring, Bull. des scknee, .Aetui. Roy. de Belg. 1900, p. 483. 
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, 
C()f1c('lItratiOl~ elf Pi('ea·albmlllll I ~~':' ':.·;C.C' ;"';;"'::::';:,:':. :_'-

dl~·iOl\·,·,1 HI 1: l(ll~t HCI. 

1 1,erCtmt 
()',~ 

Other interesting points discovered by Pasternak were, that the 
same a.cid radical produces in different salts different effects: 

llCI );H,Cl 
()-3S[, 

KCI 
0'380 

NaCl 
0'3:;5, 

and that the Same m'id which in dilute strengths favours solution 
<,anses precipitation when it is concentrated. This fact is attributed 
to <l change in the electrical conductivity, thus: 

8tlCllgtll oj lH'l. 

1: 1000 
1,415: 1000 

Molecular COlh:entration 

0-0273 
0-388 

(·ouductivity. 

0-95 
0'86 

dissoci~1ted molcules . 
In the first ct1Se the quotient non-dissociated molecules = 19, whIle 

in the second case it is 6. 
Ordinary abumins being electro-negative are coagulated, according 

to Hofmeister and rauli, see p. 288, by k;l..tions in the following 
order:-

Li>Na>K>);H4 >Mg, 

while the electro-negative anions tend to prevent coagulation in this 
order: 

FI>S04>PzOs>citrate>acet.ate>CI>N03 >Br>I>CNS. 

Pasternak has now observed the very interesting fact that if the 
resene material of Picea dissolved in 1: 1000 Hel be taken, that 
the order of the above salts is inverted, the electro-positive albumin is 
now precipitated by anions in this order: 

OXS>I>Br>N03 >0l>acetate, 

while tho coagulation-inhibiting kations follow in this order: 

Mg>NH,.>K>Na. 

This phenomenon is interesting in connection with Hardis experiment 
011 heat-eoagula~ albumint which may behave either as a kation or 
as an anion (see Jl 278). Pauli has also drawn attention to the f3(:t 
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that the aool'e order, in which salts precipitate electro-ncgati\'e allmmirls\ 
is the flame as tha.t in which they prevent the imhibition of ''i'ate~' 

by gelatine-plates and in 'which they increase the melting point of 
gelatine. 

Pauli 1 has carefuUr illYestig<tted th{~ effect which is produced on 
eggwhiLe by the addition of the neutral S[llts of the alkalies a.nd of 
magnesium. In the first instance he confirms Schafer's obsorvatioH 
(see p. 290) t,hat two salts in comhination will do what one s.'1h h~' 

ltseU is una.ble to do, fol' jf potassium or sodium chloride and .sodium 
acptate be used in snch strengths as not to callse coagulation, they 
will on being mixed givE' rise to coagulation, and ReI + NaC:!H:p:: 
wiIi produce a greater effect them if N aCl + N aC::H;p::! are useo, In 
the former CJk<;e 1.he kation is djfferent in the two salts, while in the 

btter case they are the &"tme. 
The dibasic magnesium sulphate + the monohasic sodium chlorjue 

also augment mutually their coagulating efficiency, as iR proved hy 
thf' followjng ta.ble glycn by Pauli ;-

To :2 CCID, of eggwhite were added 8 CC1n, of a. 4 'I) normal MgSO 4 

Rolut.lon in the quantities stated, amI then weighed amounts of 
crystalline KaCl. 

J. 

3alt~, 

MgS04 
2'& 

: 3, !-.~aCl 

'4. 
NaG1 

4-'0,0 

Clear, 

Slight milk 
turbidity, 

Clear, I op;1~~~~~{,~, ,: 8, 
, :l'r, )lgSo.~ + 'TUTLitlity more ~H1ky 
i 1'5 NaCl. : marked tlHI.!J tllrbidity 

Slight ji in No.7, as in Xo. i. 

opa)es- I Y t.'rr ~l~g1lt i 
CeJlce. i tUl'bldlty. l-~~-----

--;:,----'--- - ------ --I 9, Tllrbldltymore' Opaque uulk} I 

11'00 MgSOJ+ 'Yeryslight; Slight I' 2:5 Mg~04,+ : ml_lrke.d than turbIdIty I 
3'5 NaCl , turbiJity,: turbidity, I' 2'00 NaCl, HI ~o. 8. 

1 W. Pauli. Hf!fmeiMer's IJeitrii{!t, 3. 225 (1903). 
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If, to a solution of ammonium sulphate, of sufficient strength to 
produce coagulation, be added equivalent amounts of tartrates, sul
phates, and acetates it will be seen tha.t, in the order given, these 
salts show a diminishing power of assisting the ammonium sulphate 
in bringing about coagulation. 

Tribasic··, in combination with mono- and di-basic salts, also exhibit 
.1, summation of effect as is shown by the behaviour of potassium 
citm.te K:PGH"Oj + NnCl. 

As many neutral salts do not possess the power of causing egg
white to coagulate, Pauli studied their influence on salts \vhich do 
coagnlate, and found that magnesium and ammonium chloride, sodium 
and- potassium bromide produce 11 distinct increase in the coagulating 
power of ~aCI ttnd ReI, while ammonium bromide, sodium, potassium, 
and especially ammonium iodide markedly inhibit the coagulating 
power of ~a.CL 

Potassium nitrate increases, proportionately to the amount ill which 
it is useu, the coagulating power of pot..1.ssium and sodium chloride, 
while magnesium nitrate in a normal solution and ammonium nitrate 
are indifierent. Potassium and ammonium thiocyaDates inhibit the 
action of sodium chloride. Fluorides are especially powerful in 
prodncing reversible coagulates. Arranged in the order of their 
coagulating power, expressed in normal strengths, they are NaFI 
(1'0\)); KFI (1'~5); NH,Fl (2'00), Potassium and ammonium 
fluoride have their action increased by ammonium bromide, iodide 
and thiocyanate. Ammonium chloride and nitrate do not influence 
pot.:'lSSlUU1 fluoride, while they slightly increase .the coagulating power 
)f ammonium. fluoride, as the latter contains. the sa.me kation. 

Ammonium sulphate has its power increased by increasing amounts 
)f ammonium chloride, while increasing strengths of ammonium 
odide and bromide diminish the aillount of coagulation, 

Potassium tartrate has its action increased by ammonium chloride, 
odium, and flotassium bromide; no effect is produced by ammonium 
litrate, 'while the coagulating power is diminished by ammonium 
romide; sodium., potassium·) ammonium.iodides; magnesium chloride, 
itrate and bromide; and sodium-, potassium., ammonium-, and 
lagnesium~tbiocyanates. 

Potassium citrate is augmented by ammonium chloride and sodium 
toroide, is left indifferent by potassium bromide, and is inhibited by . 
I other salts. 

Hofmeistcil,.\f{IIi·the first to stat. definitely that beth the basic 
,d the acid radical. of salts pl&y " part in coagulating albumin, 
~ich in modem. pinology m ... ns that c08.gnlation ~ia dependant on 
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the additive effect of the two ions of a salt, and if this be BO, Pauli 
points out that the total eft'oct produced by a mixture of several salts 
in solution must be determined by the sum of all the ionic actions. 
Pauli's modified view is given below. Acetates of the alkalies being 
somewhat better coagulants than are the chlorides, onc obtains a 
greater pfi'ect in cO<-'lg1l1ating eggwhite by a mixture of sodium acetllte 
+ potassium cblol"ide than by an eqnivalent mixture of sodium aceta.te 
+ sodium chloride, as the dissociation of the sodium chloride by 

saturating the solution partially " ... ith sodium-ions interferes with the 
dissociation of the sodium acetate molecules. 

The fact that sodium sUlphate does, while potassillm sulphate does 
not coagulate albumin, Hofmeister explained by assuming that in the 
case of potash salts the solubility of these salts was not sufficient to 
allow the solu.tions of requisite concentration J)eing obtained. To test 
this hypothesis Pauli employed two methods: He made n :]0 per 
cent potassium sulphate solution at 100'" in a test tuhe, poured some 
warm oil on the solution, and allowed it to coo] in ;'I, hig heakeJ' tm 
the temperature ha,1 fallen to 50", then adJed, hy means of a pipette, 
some albumin solution, which, forming a layer hetween the oil and the 
20 per eent potassium sulphate [:Iolution, produced a distinct turbidity 
'which was reversible on dilution. 

Potassium nitrate employed simila.rly could not he made to yie111 
a coagulum, and therefore recourse ,,,as had to the following method: 
To a solution of a salt, capa.ble of coa~dating albumin, but of such 
strength as to be just inefficient, potassium nitrate was added iu the 
crystalline form, when the mixture was found to coa.gula.te. 

This experimrnt does not seem to the author to he a.t an conclusive, 
for if the potash salt dissolves at all it can only do so at the expense 
of the other salt in solution; by attracting water molecules to itself it 
must make the other salt-solution more concentrated, a.nd the latt-er 
being more concentrated ruay cause the coagulation of the albumin 
quite irrespective of the potash salt. 

Do both ions of a salt cause coagulation, or is only one of the iODS 
concerned 1 and if so, what does the other ion do 1 This question 
suggested itself to Pauli because some electrolytes, such as the acetates, 
nitrates, a.nd chlorides of ammonium and magnesium, cause no coagu~ 
lation, notwithstanding the fact that they are very soluble i and again 
the fact that NH. coagulates in ammonium suJphate. but does not do 
so in ammonium. acetate, while at the same time the acet-ion coa.gu~ 
lares in sodium acetate, while it does not coa.galate in ammonium acetate, 
ma.Kee it impossible to- believe that both ions of .. salt act in th6 same 

sense, and therefore Pauli has oome to the conclusion that in electro-
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lytes which caUse coagulation we are dealing with the algebraic sum 
of the antagonistic properties of ions haying opposite electrical charges. 
He assumes that kations have a coagulating and anions it dissolving 
influence on egg-white, because acias, which have the kation H~ in 
eommon, caUSE;> coagulation, 'while bases, having the auion OH' in 
common, canse allJllmillS to dis:5oJ"e. 

If the cou,gulating values of a series of kations arc indkated by 
j,.r, f' . and the inhibiting values of a number of anions by It,lt,'!!", 
then hy eomhiuing electrolytes the three following state!; are po;;sible: 

2: U,f',f ... ) ~ "L.o<h,h,h'. .), 

which nwan.<.; that it is possiblo to add to a solution of a coagulating 
electrolyte, other elcttrolytes which either increase 01' diminish or leave 
una.ltered the coagulating power of the first electrolyte. 

11l the following table Pauli has arranged the kations in ascending 
order from left fa right, magnesium being the feeblest and lithium the 
strongest kation, ·while the anions arc 80 arranged that the one with 
the fullest inhibiting power, namely, fluorine, comes first, while the 
strongest lnhihitor, Ham ely, thiocyanate, comes het. 

}'ll\ori(ic 
SUlpha.te 
PhospiJatl' 
Citratt' . 

I Tartral(. 
A(·etatt'. 

, Chloride 

i ~'~\~):~e· 
r Bromitlt' 
I Iodide. 
I 'l'hioGYflllah 

L, 

It will he seen from the table that the feeble precipitating power 
of magnesium a.nd ammoniu.m is already interfered with by the acetates 
and chlorides, while potassium is not affected by nitrates, and so on. 

The criticism which the author has ~o make to Pauli's very im~ 
portant inrestigation, apart from the objection already raised on 
p. 2R'j, is shortly th~s: It has been assumed throughout by Pauli that 
t'he salts only ~~ uPon one another, ~alld not also on the. albumin. If 
we consider what effects, especially the halogen salu:, have in pre
venting, for e~~, the setting of gelatine, we must bear in mind 
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that an analogous change may very well be produced in egg-white, 
and that for this reason in the above table the iodides and thiocyanates 
bave apparently so strong an inhibiting action on all kat·iolls. The 
formation of double salts has also not been taken into account, nor has 
sufficient attention becn paid to the amphoteric character of the 
albumin. Posternak's researches (see p. 282) seem to have escaped 
Pauli also. 

That, however, so-called' neutral' salts are in reality not neutral, 
but are composed of iOIlS in which either the 11egatjve or the positive 
electro-affinity preponderates, has been explained on p. 265, and Pauli's 
observations seem to bear out the author's views, and there cannot be 
any doubt that the preponderating positive or nebrativ~ electro-affinity 
is the factor which makes the dehydration of the albumin molecule 
possible, and thus leads t.o its coagulation. The author is therefore of 
the opinion that salting-out with neutral salts is in the last instance 
gjmply a question of dehydrat.ion according to the old view of Vjrchow 
and Hofmeister, and that the albumin molecules, when they become 
dehydrated, behave a.s would other salts, by losing all power of 
dissociating either electrolytically or hydrolytically. 

The salting-out process has become of the very greatest importance 
in studying the chemistry of albuminous substances, as it does not lead 
to the denaturalisation of albumins. Another great advantage of 
sa,lting-out is that the individual albumins may be separated from ODe 

another to a. much greater extent than by any other precipitation
method, and salting-out has therefore rendered the greatest service in 
the preparation of pure albumins. 

Salting·out with sodium chloride and magnesium sulphate has been 
investigated by Tolmatscheff,l Hammarsten,2 Burkhardt,3 and Halli· 
hurton.4 Ammonium SUlphate, the most efficient of a.ll the salts, was 
introduced by Heynsius 5 and extensively used by Kiihne,t' who also 

1 TolmaL'lCheff, 'The Ana.l}'sis of Milk,' Hoppe·&yler's Medizin.·chem. Unf.erau· 
chungen, p. 272 (l867). 

2 O. Hammarsten, 'Para.globulin,' PJliiger'8 Arch.f. d. ges. Physiol. 17. 413 (1878); 
K. V. Starke, • ALBtract of the Swedish OrigWal by Hammarsten' in Nalll'a JIZk'l'eaber. 

/. 7U>-donnie, 11. 17 (1881). 
, lrnrkhard4 Arch.j. exp. Path. u. Pharm. 16. 322 (1882). 
4 W. D. Halliburton •• Muaele.plasma,' Jemm. of Phynol. 8. 133 (1887); and 

'ProteidsofMilk,'fhid.ll. 448 (1890). 
is A. H'IIynsi'WI. Pfl1i4e,,.'a A.rckiv f. d. ges. PhyBiol. 34. 330 (1884). 
Ii W. KUhne, Ferk. des Heidtlbergf11' natwrh.-mcdiz. Vtrtin.t, N.F. 3.286 (1885) ; 

W. KUhne and R. lL Chittenden, Zei.Uchr. f. Bid. SO. 11 (1884); 22. 4.28 (1886) ; 
s. W,"" 32. 1 (1886). 

IT 
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showed J that two factors have to be considered in salting~out, namely, 
not only the concentration but also the absolute quantity of the sa.lt 
used and the absolute quantity of the albumin to be i'ialted out. This 
fact-the ignorance of which has repeatedly led to errors-is readily 
{lxplained OIl the supposition that salting-out is equivalent to a distri
lmtion of the solvent bet,'~\'een the aJhnmins and the Mh, An exact 
investigation of a large number of salts, as far as salting-out is con· 
cerned, has been undertaken by Hofmeister ~ and his pupil Lewith:; 
(see above, p. 281), ana also by Posterrutk and I'au1i:\ {See below.) 

For the chemistry of proteids the question as to the extent to 
which albumins in wlution may be precipitated completely by different 
salts is an especially important one. In this respect Cohnheim 
distinguishes four groups of salts:-

1. Sodium: -rhloride, -sulphate, -8cetat,(', and -nitrate. They salt 
out certain albumins, such as fibrinogen and casein, even if 
their solutions are not quite saturated. 

The author points out, however) thnt according to Pinkus 
sodium sulphate in saturated solutions at 3 j" is in every 
respect comparable to a saturated ammonium sulphate solution 
at the ordinary temperature.;) 

2. Magnesium sulphate, which allows us to draw a sharp line 
bet1veen the more readily precipitable albumins, e.g. globulin, 
nnd the less readily precipitable ones, e.g. albumins proper. 

1tiagnesium + sodium sulpha.te, used in combination, precipi
tate, according to Schafer, (. also those albumins which are 
not readily precipitable, 

3. llotassium acetate, calcium chloride, and calcium nitrate. They 
precipitate all native albumins from their solutions, but the lime 
salts render the albumin~precipitatet; very quickly insoluble. 

4. Ammonium sulphate and zinc sulphate 7 are the most energetic 
precipitants. They precipitate also all the dissociation-pro
ducts of albumin, except the peptones, and in this respect 
ther may be considered to be complete (KUhne). 

This order has been established empirically. 

1 1Y. KJIhllt', • Experiences with AlhuWOS<!5 and Peptolles,' Zdisckr. j. Bioi. 29. 1 
(1892). 

~ F. Hofmeister, ~·trch. f. expe1't1Mnt. Pa(lwl. ft. pn.aN/I({kol. 24. 247 (ISB7); 25. 
I (I8B8), a J. Lewith, ibid. 24.1 (I88i). 

4 W. Pauli, Hofmeister's Beitritge, 3, p. 225 (1902). 
~ Pinkus, Jowrn. 0/ PhyHiol. 27. 57 (1901). See also Hasla.m, ibid. 32. 261 

(1905). 6 E. A, Schii.fer, Journ, 0/ Pkysio[, 3. 181 (1880). 
7 A. BOmer, z~. 'f, anal. Ohern. 34. '562 (1895) ; E. Zunz, Zeitachr. f. ph.ytiol. 

Chem. 27. 219 (1899). 
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"~hy salts follow one a.nother in this order we do not know at 
present, but helow an attempt will be made to aecOlmt theoretically 
for some of the fa.cts. 

A number of salts which a.re good precipitants, such a.s sodium 
chloride and magnesium sulphate, possess the property of precipitating 
certain albuminous compounds not only in satura.ted but also in 
partially saturated solutions.. This property was first discovered hy 
Hammarsten 1 and made use of by Hofmeister's pupil Lewith, 2-

and hy Halliburton." The systematic employment of fractional 
precipitation by means of ammonium sulphate and zinc sulphate led 
in the hands of Hofm{',ister and h15 pupils ~ to the crystallisation of 
albumins j the preparation of many alhumins in a pnre form, and 
to mUGh light being shed on the constitution of albumoses. 

It has been found that each alhumin begins to he precipitated 
whenever the concentration of the salt has reached a certain point, a.nd 
that at a definite higher concentration the precipitation comes to an end 
hemuse practically the whole of the albumin has been thrown down. 
Hofmei:3ter states that the prccipitatiQu-liluits for ammonium sulphate 
1/ are quite as chamcteristic for an albumin as is the solubility of a 
cryst,alIine snhstanc('." The special pl·ec.'1utlOYJli. 'which are necessary for 
compJetely separating difi'er{mt albuminous fractions from one another 
a,re given on p. 184. 

Klihnc has observed that the concentration of an albumin must 
not be altered to :tny extent 'when making salting-out experiments, 
and this obsenation h.'1s been amply confirmeu hy Hofmeister, Kauder, 
Pick, and Zunz. It is therefore best to proceed as foHows :-Certain 
definite amQunts of an albumin solution are taken; to these amount$ 

10. H,'l.nnuarsten, 'Fibrillogell.' 19. 563 {lS~91; 
22.431 (1880). '" J. Lewith, 24.1 {l887). 

$ w. D. HaHiburton, 'l'roteid!o; of 
B06 (1892). 

4 G. Kauder, 'Alhumins of the Blood·Serum,' 8chmicd};er!l'8 Ardl. /. 
P{ttJwl~ n. P/mrlJw),:o!. 20. 411 (1886); J. Pobl, ibid. 20. 426 (1886); Hof
mei'>ter, 'Crystallitle Egg-Albumin/ Zeitsc;hr. j.yitysiol. Chern. 14.165 (1889); E, 1'. 
Pkk, ibid. 24. 246 (ISS7); F. Umbel', ibid. 25.25/:l Fr. Alexander, 'Ca$eine~ 
Albllllloa8s,' ibul. 25. 411 (lS9S); }L Bernert, win] Potassium Perl1Jall~ 

gaMt~,' ibid. 26. 272 (1898); K Zunx, 'Zinc Sulphate,' ibi(l. 27. 219 (l899); E. 
ZUllZ, 'Peptic Dissociation of Albumin,' ibid. 28. 132 (1899); E. P. Pick, ibid, 28· 
219 (l899); W. Reye, Pibrino!jett, Dil:isertation, Strassburg, 1898; H. Krieger, 
Crystalline AllmmilM, DislWrf;ation, Strassburg. )899: F. GolJ~lllI.itlt, Albmnin 
and Acid$, Di8scrtation, Strassburg, 1898; A. Magu.tl~-Levy, • Beoce-Jones' Albumin,' 
Ztitschr,,f. phy:r:ot.. Ohem. 30.200 (l{j00); 0. ~Iaas, • Dissociation with Alk.ali~,' ibid. 
30.61 (1900); L. Langstein, 'OvlL-Alhumin,' ibid. 31. 49 (190(l); E. FuM and K. Spiro, 
'Serum-Globulin,' ~Did. 31. 132 {1900,; E. P. Pick awl K. Spiro, 'Coagulation,' iUd. 
31.251 (1900); E. P. Pi¢k,' Dtutero"AlbuIDoaca,' IJojmeilJte:r's BtU/rij,ue, 2. 481 (1902); 
O· Porges and K. Spiro, ihid_ 3. 2i7 (1902). 
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are then added different quantities of saturateu ammonium-sulphate 
solutions; and, finally, by the additioll of distilled water all the 
different mixtures are brought to the same volume. If it is stated 
that the precipitation.limits for globulin are 2-9 and 4'0, theu is meant 
that if in lO cem. of fluid (globulin + ammonium sulphate + water) 
there are present 2'9 cern. of cold saturated ammonium sulphate, that 
glohulin begins to be precipitated, while if 4'6 ccm. of saturated 
ammonium sulphattl be present, that the precipitation of globulin has 
come to an end, because thfl whole of the globulin is precipitated. 
As the SOlllhility of ammonium sulphate is 76'S'_' at room-temperature, 
it is easy to calculate what percent'lgc of ammonium sulphate is 
required for ol'iuging about ineipient and complete precipitation of 
anyone albumin, as soon as we know what amounts of saturated 
ar~monium sulphate have to be added for any given quantity of fluid. 

The boundary lines dmwn between individual albumins, hy mean:; 
of fractional precipitation with ammoniuru sulphate, agree fairly well 
with those obtained by means of other salts, and the groups of 
albumins separated from one another by these means show also in 
other respects great similarity. 

The complex albumins, namely, fibrinogen, casein, and the nucleo
albumins of the cell-plasm, are partially precipitated by even incom
pletely saturated solutions of magnesium sulphat-e and sodium chloride. 
The upper precipitation-limits of these substances for ammonium 
sulphate are 3 '0. 

The albumins of the second group, including the different 
globulins, the mucins, and also the primary albumoses, are only 
preciphat.ed by completely ~atura.ted solutions of magnesium sulphate. 
The precipita.tion-limits of this group of albumins lie for ammonium 
sulphate between 2'7 and 4,6. 

The albumins of the third group, including the albumins proper 
and hremoglohin, are not precipitated by the above salts, except 
they be used in the combination: magnesium- + sodium-sulphate; 
while they ar& precipitated by almost completely saturated solutions 
of ammonium sulphate or zinc sulphate. The deutero-albumoses 
resemble the true albumins, lmt it is possible to subdivide them still 
fll1'ther by means of fractional precipitation, as has already been 
pointed out on p. 179, where the researches of Pick and Haslam have 
been described. 

Fuld and Spiro,l Porges and Spiro,2 Joachim,3 and Freund and 

1 E. 'Jl'uld aD~t. Spiro, Zeit8ckr. f.Jlhysiol. 0Jum. 81. 182 (1900). 
l! O. Porta"ani K. Spiro, HQf~'8 .Beitr;Jge, 3. 277 (19Q2). 
3 J. Joachim, lViBner idinist;M Woeh6mckrift, 1902, Nr. 21. 
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Joachim,l have also fractionated globulin by means of W)ta!';sium acetate 
slid ammonium sulphate. Oppenheimer,2 working with serum-albumin, 
and Cohnheirn with the uncleo-proteid of natural gastric juice, have 
further observed that these apparently uniform suhstances may he 
broken up by means of ammonium sulphate into several fractions with 
definite precjpitatjon-Hmits, which latter remain constant cyen nfter 
repeated repreeipitation) and that the fractions obt::tined in this way 
do not differ from one another in any other respect. The question 
naturally arises whether one is justified in regarding thef)c fractions 
really as distinct chemical individuals. Cohnhcim believes that ad
mixtures of any kind, that, sa.lt formation and similar factors, may 
well produce these diffenllces, for Fuld and Spiro have found tbat in 
one of the globulin fmct,iolls, namely, in euglobulin, ferments, lime salts, 
ete., are present. The author holds that the variou!; fmctions must 
be considered to be definite iudiyidnal snhstances, but as to whether 
they occur naturally is quite a different question. If a sufficient 
number of subfractions could be taken, tben we ought to pass unin
terruptedly from the mono- and di·amino-acids through the di- and 
polypeptids to peptones, and so upwards. That, however, such 
individual complexes as the hemi- and ftnti-, the thio-, and glyco
groups exist seems to be beyond doubt. 

The salts which albumins form with acids and with bases may 
a180 be salted out, as has been shown by PaaI,3 Cohnbeim,* and Spiro 
and Pemsel,;} and this property may be used for determining the acid 
and the basic capacity of albumins. The salts of albumin with acids 
are indeed even more readily precipitated than are the albumins 
themselves, for Pick and Zunz have found, if the reaction of an 
albuminous solution be acid, that tIre precipitation-limits for ammonium 
sulphate and zinc sulphate are always lowered, i.e. that precipitation 
commences a.nd terminates with a smaller percentage of these salts. 
Sa.lkowski 6 found similarly that all native albumins may be precipi
tated from their solutions by means of sodium chloride if the reaction 
be acid, while if the reaction be neutral the albumins aTe not 
precipitated at all and the globulins only partially. Kuhne 1 has .lso 
shown that sodium chloride precipitates albumoses much more 
thoroughly if the reaction be acid. On the other ba.nd, salts of 

1 E. Freund and J. Joachim, ZeitBchr. J. phy8i.d. !Jhem.. 36. 407 (1902). 
II C. Oppenhei~r, Arch. j. (Anat. u.) Ph!!lM. 1903, 201. 
3 C. Paal, Btr. d. deui.8ch. dum. Gu. 25. 1202 (1892); 27: 1827 (1894). 
" o. Cohnheim, ZeitsChr. j. Biolog. 33. 489 (1896), 
.5 K. Spiro and W. Peruse1, .&it8chr. f. physWl. CMm. 26. 281 (1898). 
6 E. Balkowski, ZentraJ1Jl. j. d. 'I1u:dizin... Wis~en, 1880. 
'j W. KUhne, Zeitsihr.j. Biol. 20. 11 (1884); 29. 1 (1892). 
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albumins with bases are much less readily precipitable than are the 
natural albumins; urea, according to Spiro, 1 acts also as a base, and 
prevents thereby precipitation. 

According to the unanimous statements of Kuhne, Umber, and 
Siegfried,!! it is quite impossible to precipitate one or several of the 
deutero-albumoses without having previously converted them into 
sulphates or into ammonia salts. The observation of Hopkins 3 and 
Kricger,4 that aIJmmins crystallise more readily from ha1f~saturated 

ammonium-sulphate solutions if the solution be acid instead of 
neutral, seems also to come under this heading, for the crystalline 
alhumins arc apparently not free albumin, but the sulphate or some 
analogous salt (see p. 326). 

5. Precipitation of the Colloid due to the withdrawal of 
the Hydrogen or Hydroxyl Radical 5 

For descriptive purposes, the hydrogen and hydroxyl compounds 
of colloids arc discussed by themselves, but it must be remembered 
that they differ from other compounds only in degree and not in kind. 

Pure alhumins and globulins Starke G regards as acid or alkali 
albumins or globulins. They are insoluble in water and neutral salt 
solutions, hut are soluble in very dilute acid or alkalies, because they 
unite with the H~ or the OH'-ions to form new compounds, as can be 
demonst.rated by using tropreolin as an indicator. 

Alkali and acid albumins and globulins occur naturally. Thus 
globulins are found both in the acid extracts of lentils made with 5 
per cent salt solution and also in the blood. They occur in combina
tion with either the acid H"- or the 5llkaline OH'-iol1s. The relationship 
between the colloid twd the acid H~ or tbe alkaline OR' has been 
expressed as foHows : 

1. The acid, or alkali, and the proteid form a salt which is capable 
of dissociation, and therefore of remaining in solution (Starke). 

2. The proteid is partly in solution and partly in the colloidal 
state. The ~olloid as a whole is kept in suspension, because the a.cid 
or alkali which WM added establishes a difference of potential 
between the solid and the fluid phases of the colloid, giving rise 
to a double electric layer round each solid particle (Hardy). 

1 K. Spiro. Hoj'I'Mister's Beitrii.ge, IV. p. 300 (1903). 
2 M. Siegfried, Zeitschr.f. phy.iol. ClU':1fI- 27. 335 (1899). 
~ F. G. Hopkins and S. N. Pinkus, Journ. oj Ph1lsWl. 23. 130 (1898). 
, H. 'Krieger, DissertatiOn, Strassburg, 1899. 
5 Reprilltid trom. the author's Physfoiogical Histology, p. 55 • 
• Starke, ZeiUoh,.! Bid. 42. 187 (1901). • 
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3. A neutral pseudo-basic proteid, by addition of the acid H", 
is converted into a real base, and the pseudo-acid colloid by the basic 
OR' radical is changed int.o a real acid (the Author). 

4. The proteid forms with the H C a kat-ion, or with the hydroxyl
ion, an an-ion, the an-ion in the forIner case being the an·ion of the 
acid wl1ich was added) while in the second case the kat-ion is the 
kat~ion of the alkali we added (the A\lthor)~ 

\Vhatever view we adopt, if 'ye are dealing with a (colloid + ilL), 
then, hy the addition of the DB' group neutral water is formed, 
HO + OR' = H 2P, and the charge Oil the proteid also disappears, 
immaterial in what way it was induced. For reasons given on p. 264 
the colloid then aggregates into larger masses, and is ultinI.ately com
pletely precipitated. 

The precipitation in this case depends therefore on the chemical 
union between the hydroxyl- and the hydrogen-ions producing electri
cally neutral water, and thereby diminishing or completely destroying 
the electrical charges on the colloid. Another method of rendering 
the hydrogeil~ion inert is to convert it into the non-ionic state by 
removal of the an-ion to which it was linked, as in the following case: 
Given faintly acid solutions-br example, an acid albumin-coagu
lation may be induced by the addition of neutral salts of the alkalies 
or of alkaline earths, because this addition drives out the carbon 
dioxide contained in the water and thereby renders the solution 
less acid. The less acid the albumin solution is, to begin with, 
the less neutral salt will be required for complete coagulation. 

Alkali-albumins in an alkaline solution are coa.gulated by the 
addition of CO2, or other dilute acids; by sma.ll quantities of alkaline 
earths, probably because of the formation of insoluble hydrates; 
further, by dilution with water or dialysis against pure water; and 
lastly, by saturated solutious of sodium chloride or magnesium sul
phate. All these reactions, with the exception of the laat, which is 
caused by salting-out, see p. 280, depend directly on the alkalinity or 
the acidity of the proteid compound being interfered with. When 
Starke states that the acidity of a dilute acid is diminished by neutral 
salt, it must be remembered~ that this only holds good if the acid and 
the salt have a common ion. Starke also observed that if the same 
amount of alkali is added to two test-tubes, one of which contains pure 
distilled water while the other contains an equal amount of pure sodium 
chloride solution made up with the same distilled water, litmus~paper 
is turned muc.h bluer by the .salt solution. The explanation he offered 
was that alkalies in the presence of neutral salts dissociate to a grea.ter 
extent, and therefore give a more pronounced alkaline reaction. This 
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view cannot be upheld, because by the addition of neutral salts the 
CO2 normally present in water is discharged, and therefore the alkali 
which is added will not be partly bound. by the acid, and in con~ 
sequence will produce a stronger effect on the litmus. The author 
'lrrived at this conclusion by adding neutral litmus solution to the 
distilled water, and then hoiling it to get rid of the CO2! and his conclu
sions are supported by the criticism of Starke's paper in \Yolff and 
.'Smits' article.1 

6. Precipitation due to a Removal of Salts 

Proteids, which require the presence of neutral salts to remain 
in solution, are widely distributed amongst both plants and animals, 
and are represellted by the globulins proper and the closely allied 
muscle-proteids (puramyosinogen and mJosinogcn). These substances 
are precipitated from their solutions either if the salts normally 
present are removed hy dialysis, 01' if the concentratioll of the inorganic 
salts is greatly diminishfd by the addition of water. "Various causes 
have heen assigned for t.his precipitation. 

,,~, Pauli 2 has studied the effect of both non-electrolytes and of 
electrolytes on globulin solutions. He found pure water containing 
grape-sugar in quantities varying from mere traces up to 3'25 nopnal 
= 68'5 per cent, 01' containing pure urea up to three or four times 

normal strength, always precipitated globulin as if neither sugar nor 
urea had been present, and the glohulin which separated out in these 
Rolutions could always be readily dissolved by the addition of neutral 
salts. He drew the conclusion that globulin requires for its solution 
the presence of a neutral salt which has dissociated into its ions, and 
that the non-dissociated molecules of a salt play no part. The ion
action depends on the number of ions present and on the quantity of 
the globulin, for only tha.t amount of globulin passes into solution f01" 

which sufficient salt has been added, and the subsequent clearing of the 
globulin solution is proportional to the amount of salt added. 

The fact that free ions render globulin soluble leads Pauli to sup
pose that the negative and positive ions unite with the proteid-molecules 
in a loose, chemical manner, the kat-ions attaching the~selves to certain 
radicals in the proteid, while the an-ions join on to other groups. This 
supposition is supported by the following analogous case, which was 
pointed out to Pauli by Hofmeister:-Amino-aeids unite simultaneously 
with both alcohol and hydrochloric acid to fonn beautifully crystalline, 

1 K. Wolff' u. A. Smits, Zeil.schr. f. Bid. 41. 437 (1901). 
~ W. Pauli, Pjl¥gtlf", '.Arch. 78. 315 (18gS); compare also with W. HuJskamp, 

'z,uw..j. ph,';d. 0It0< 34.32 (1901). 
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very permanent, wate.r-soluble compounds, for example, Hel. NH 2 • 

COO(C2H,). After removing the HUI of this body with Agp. the 
remaining radical soon decomposes by giving off the alcohol radical. 
See also Chapter VI. 

This view is supported by the observation of Stewart 1 that the 
globulins on heing precipitated carry salts down with them; hnt 
against Pauli's view, accordillg to Cohnheim, is the fact tha.t the 
addition of albumin does not influence the electrical conductivity of 
sodium-chloride solutions (according to Bugarszky and Libermann).2 

On this principle globulin amI sodium chloride would form the 
compound (HCI) Globulin (~aOH)-HoO, or more probahly according 
to the formula, Globulin + ~aCI = Cl - -Globulin - Na. In support of 
this last view Pauli refers to the investigations of Spiro and Pemsell

s 

who showed that alhumins can bind hoth acids and bases. 
Cohnheim has further pointed out that Pauli's view doers not account 

for the precipitation of the globulin whjch results from diluting its solu¥ 
tion, as in this case no ions are removed, and he suggests that globulins 
are rendered insoluble owing to their strong hydrolytic diRsociation. 
Osborne" has also stated that the globulin precipitation is caused by the 
hydrogen¥ions of the water, which again only means that hydrolysis 
occurs. 

This hydrolysis we may assume 5 to be induced on the same principle 
ali is the hydrolytic decomposition of many salts of the heavy metR.ls 
which form clear solutions as long as they are concentrated, but which 
on dilution at once undergo hydrolysis, forming insoluble hydrates. 

Starke 6 in 1900 found that he could obtain a substance giving all 
the characteristic reactions of ordinary globulins by diluting white of 
egg with ten times its bulk of water and then dialysing the solution at 
a temperature of 7o¥85'" C. 

There is formed by this process a substance which is quite insoluble 
in pure water, and also in neutral !3alt solutions, but which, when 
treated with very dilute alkalies, becomes soluble. Starke found after 
adding the same amount of alkali to two identical quantities of globulin 
that more globulin passed into solution if neutral salts were present, 
and explained his results on the assumption that alkalies undergo 
greater dissociation in the presence of neutral salts, and that for 
this reason they produced a greater effect. As shown on p. 295 

I G. N. stt:w&.rt, Journ. qf PhYfJuJ.. 24. 460 (1899). 
2 St. nugauzky and L. Libermann. PjlV{!e'f"$, Arch.f. d. gu. PhysWl.. 72. 51 (1898). 
3 Spiro and Petnsel, Zeit8ch1'. /. physiol. Gh-€'Hl. 33. 401 (l901). 
~ T. B. Osborne, ibid. 38. 225 (1905}_ 
~ Mann. PkyBWlogical Hi8t(}logy, 1902, p. 57. 
6 J. Starke, Zeit8chr. f. Bioi. 40. 4,19. 494. 
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Starke's explanation is impossible, but apart from the fact that neutral 
salts do drive out carbon dioxide from solutions, we must rememher 
Pauli's work (see p. 285), and therefore arrive at the conclusion that 
globulins will pass into solution only in the presence of free hydrogen 
or by hydroxyl-ions, and that, after the union of these ions with the 
albumin has ta.ken place, the' neutral' electrolytes will greatly facilitate 
the passing into solution of globulins, by establishing differences of 
potential which will diminish the surface tension of the globulin 
particles. 

Finally, the conception developed by the author in Chapter VI. 
should not be lost sight of, namely, that amino-acids develop the 
tendency of forming internal salts, and of becoming insoluble owing to 
t.l~c loss of their electrica.} charge, whenever t.hey are removed from the 
influence of electrolytes or when they are in the presence of JSuch 
mixtures of electrolytes that the sum of the electro-affinities of the 
amino-acids and the other salt-ions of one sign (negative or positive) 
are balanced hy the electro affinities of the ions of the opposite sign. 
In either case the ionic dissociation of the solvent, for example, water, 
must also be taken into accoUnt. 

7. The Formation of Irreversible Salts 

Tha.t salts of the alkalies and of magnesium give rise to reversible 
salts bas been explained on p. 280, wbl1e now the effect of the salts of 

the alkaline earths-calcium, barium, and strontiuru, and of the heavy 
metals-zinc, iron, copper, silver, mercury, and lead-will have to be 
studied. 

Spring, in a number of very important papers, has studied the be
haviour of finely suspended particles, particularly in relation to various 
electrolytes.1 He objects to the view, first put forward by Barns 
and Schneider,2 that colloidal particles surround themselves by either 
physical or chemical means with a definite water-jacket, because there is 
no definite proportion between the amount of colloid which is precipi
tated and the amount of electrolyte which has been added; he points 
out ~i.t the same time that the additjon of electrolytes stops the 
Brownian movement, shown by suspensions whenever flocculi are 
formed. Spring also discovered that all plurivalent salts which 
Wldergo hydrolysis give rise to colloidal solutions, as tested by 

1 W. Spring and de Hoek, 'Oolloidal Coppel'sulphide,' Bull. de let Soc. aMmo de 
Paris,48. 165 (1887); 'A Wa~r_Soluhl& Manganese Oxide,' ibid. p.170. Spring, 
• The InflueIfCe of Eleu1Ticity on the Sedimentation of Turbid Fluids,' Bull. d~ l' Acad. 
My. <k Bdg. [31aG.180 (18.8); ibid. 181j., p. 800; Wid. 1900, p. 488. 

2 See Mann's Physiological HwtQlog'll, p. 88. • 
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Tyndall's experiment (see p. 258), and that their pr-ecipitating power 
is directly proportional to the degree of their ('olloida] lJa.ture, and 
also pointed out that ox serum, which always shows Il. strong Tyndall 
reaction) readily precipitates ferric hydrate. 

He further showed if a colloid solution of gtlm~ma8tic was ph~ced 
in a cylindrical vessel, and if a saturated solucion of copper sulphate, 
or aluminium, or iron chloride, "ca." introduced at the bottom of the 
cylindricltl vessel, care being taken to avoid all air bubbles, tlHl,t the 
mastic solution acted as a semi-permeahle membrane. For exa.mple, in 
the case of copper sulphate the presence of frt'c sulphuric acid could 
be demonstrated in the upper layers of the solutioh, while the copper 
hydrate, enveloped in particles of gum-mastic, had become precipi
tatOO. This conception of Spring} published in 1900, has been again 
bronght forward as something new by several German investigatorBy 
namely, by Biltz,l Freulldlich,~ Lancisteinel' and .Tagic,3 Neisser and 
Friedmann. oj, The author was unable to procure the papers published 
in the 1funchener periodical, and quotes from Pauli;; 

'While c(lppcr sulphate, if it be employed in the manner just 
indicated, separa.tes freely into H 2S04 and CU(OH)2' which latter then 
unites with the mastic solution, quite a different result is obtained if 
the copper sulphate or some other salt and the mastic solution he 
mixed together, for in this case the flocculi of gum-mastic contain no 
hydrate of coppero. 

It appears to the author that in this last case cOftgulati(~n is 
brought about in the following way. The electropo8itive copper, 
Cuoo, set free from the copper sulphate by electrolysis, combines ''''ith 
the neighbouring electronegat.ive mastic-ra.dicals in such a way as to 
form a compound CUO

() + Mastic"; this compound is then broken up 
hydrolytically, and OuGO + 2(OHY js formed; the mastic having 
handed on its negative electrical charge to the hydroxyl radical, a.nc 
thus having lost its electrica.l loa.d, fuses with other mastic particlel 
because the a.bsence of a difference in potential leads to an increase il 
the surface tension (see p. 265). 

7a. Oompounds of Albumins with AlkaJine Earths 
The salts of the alkalies, alkaline earths, and hea.vy metals diffe 

according to Pauli,6 essentially in this, that the importa.nee of t! 
an~ion, from the precipitation point of view, gradually becomes ]e 

1 Biltz, lJer. d. dtulsck. dum.. Ges. 37. 1095. 
2 H. Freundlich, Zeitschr. f,·phymk. ahem. 49. 129 (1903). 
3 Landateiller and Jagic, Miinchemr 'lJMd. W~rift, 1903, No., 27. 
4 NeD. and Friedmann, ibid. 1904, Nos. 15 and 19. 
5 H{if'»u~i81t-'r'6 Beitriige.. 6. 253, 1905. 15 W. Pauli, ibid. 6. 233 (1905), 
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and less. How important a part an~ions play in the salts of the 
alkalies has already been explained on p. 288. 

The diminishing influence of the an-ion, the author thinks, may be 
accounted for by the plurivalent character of the kat-ion, which leads 
to the formation of colloidal solutions. This tendencv of salts to 
form colloidal solutions, 01', what means the same, to m:dergo hydro
lysis, commellcing amongst the alkaline earths, reaches its maximal 
development amongst the he:lv)' metals. ·While, to give an example, 
the ha.logen snIts of the alkalies are neutral and remain neutral on 
being added to colloids, the halogen salts of the alkaline earths are 
neutntl in watery solutions, but become acid on being added to 
colloidal solutions, as was first shown by \\~hitney and Ober ; 1 finally 
(according to the author's investigations, see p. 308) the alkaline salts 
of the lwavy metals are acid in watery solutions, and remain acid in 
colloidal solutions. Expressed in tabular form we find therefore :-

Salt. 

NaGl. 
CaCl z 

, 
i Rf'.actioolllIloWatf'rySolutlOn. 

, HgCI, . j 

Neutral 
Neutral 

Acid 

H~~:':;-~-'-~::id'l 801"tim, I 
Neutra.l. 

Acid. 
Acid. 

It is evident that in the case of the alkaline earths the colloid 
assists the water ill producing a hydrolysis of the calcium, barium, or 
strontium salts, and this is a f~'trther proof that colloids must be chemi
cally active, that they are indeed electrolytes, as first pointed out by the 
author {see p. 268), and it also foHows, if it wel't~ not for the hydrolysis 
which the salts undergo, and which renders them colloidal, that they 
would not precipitate colloids. (See p. 270 for investigations of Spring.) 

The compounds which the kat-ions of the alkaline earths and the 
kat-ions of the heavy metals form with colloids remain insoluble because 
the (kat.ion + colloid) compound possesses less electro affinity than does 
the HO-ion, which becomes linked on to whatever an-ion (e.g. 01') 
originally accompanied the kat-ionic alkaline earth or heavy metal. 

Calcium chloride, according to Pauli,.'1 has in the crystalline form 
the precipitation limits of 8'8 normal, while the anhydrous prepara
tion has the limits 9 to 9·2 normal. With 3 ccm. of CaCl2 in these 
concentrations, and with 2 ccm. of egg-white, there is produced at once 
a bluish turbidity, which, after twenty-four hours, looks like I thick 
milk.' Barium chloride has somewhat lower precipitation limits. 

1 w. R. Whitney ai:.lCf';' E. Ober, Zdtsch.r.I'. physik. (]hem. 39. 680 (1901-1902) • 
.. 'W. Pauli, Hqf~', lJNriJg,. 6. 27 (1900). • 
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The chlorides a.nd acetates of the alkaline earths generally require 
to he in much higher flOrma} concentrations than do the corresponding 
alkali salts; reversely, the thioc-yanite, iodide, and bromide of calcium, 
precipitaw in relatively low concentrations, while the corresponding 
alkali sa.lts do not precipitate at an. 

As the !)ulphates, carbonates, and phosphates of the alkaliue eartlls 
are insoluble, it wa.s impossihle to modify the precipitating power of 
the soluble salts of the alkaline earths by the addition of the alkali
sulphates, carbonates, and phosphates, but the effect of adding the 
alkali salt with monovalent an-ions was stmlied. 

As shown on p. 288, certain salts may help in or mar interfere with 
the precipitation of egg-white by other salts of the alkalies. Thus NaCl, 
Na)l"0s' NaB augment, while NaI, NaCNB dimhlish precipitation. 
On the assumption that the kat-ions favour precipitation while ardon .. 
do the opposite, it was further pointed out by Pauli, for the salts of 
alkalies that Li::>Na>K>:\H4>Mg, and that the an-lOllS came ill this 
order: CN"S>I> Br>),(O,>CbC,H,o,. 

The alkaline earths differ from the alkalies, because in them the 
precipitating power of any kat-ion is increased by the an-ions in this 
order: C2H:P2>Cl>N03 >Br>I>CNS j in other words, the order 
which holds good for the alkalies hecomes reversed for the alka.line 
earths, and this is a.tkibuted to the fact that the originally neutra1 
reaction of the solutions of the alkaline earths are rendered acid by 
the albumin, which is quite analogous to the ahove-mentioned observa
tion of 'Vhitney and Ober, who worked with arsenic trisulphide. 
\Yhitney and Ober's articles have escaped apparently Pauli. 

Tha.t, however, the albumin is not the only factor in altering the 
neutral reaction of the salts of the alkaline earths into an acid one is 
shown by the fact that the alkaline rea.ction of a radium carbonate 
solution may becoIne neutral and even acid towards phenol-phthalein by 
the simple addition of neutral calcium chloride (Pauli). As sodium 
carbonate and sodium phosphate are always present in egg-white, one 
might expect the reaction of the albumins to be strongly alkaline, 
owing to the hydrolytic dissociation of the alkali salt into, for example, 
NaOH + H

2
CO

Z
' of which the former, by electrolytic dissocia.tion, gives 

rise to the strongly alkaline OR' -ion. The action of egg-white being 
neutral towards phenol phthalein, it follows that the OR radicals mw;t 
somehow be satiafied by the albumin. On adding a .. It of an alkaline 
earth to an albumin solution, Pauli believes the DB radicals, previously 
held by the albumin, to now attach themselves to the earthy kat-ions, 
Ca(OH)" Ba(OH)" Sr(OR,), and thereby to relatively increase the 
number of the acid H-ions, and so to produce the add reaction. 
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Attempts to throw light on tbis question with ash-free albumin have 
as yet led to no definite results (Pauli). 

There is, on the other hand, no difference in the order in which 
kat-ionl;; follow one another in the alkalies and in the alkaline earths. 
Pl1uli states: "Albumin ·which has become changed by its firm union 
with the electropositive-ions of the alkaline earths 1 differs from natiye 
albumin in having its precipitation augmented by an-ions and inhibited 
hy kat-ions.') Pauli points out that his explanation agrees wen with 
such other observations as those of Hardy (see p. 259), who pointed 
out that, the electrical propBrties of coagulated albumin are reversed 
by changing the reaction of the medium in which it is p11.ced; and 
of Po~teJ'rmk (see p, 282), who found the sequence of the precipitating 
ions in acid solutions to be the opposite from that which Hofmeister ~ 
and Pauli had determined foJ' native albumin, etc. 

The I.'ffect of adding alkali-salts to the salts of the alkaline earths 
Pauli has snmmed up thus: I. The greater the precipitating power 01 
the all-lon of the alkaline earth which we add to all albumin solution, 
the less will be the increase in the amount of the precipitate which we 
obtaiIl by adding an alkaline salt ,nth a feebler an-ioll, alld the inhibi
tory efiect of the alkali-ions (i.e. kat-ions) may make itself felt beside 
the relatively small number of the earthy alkali kat-ions [as for example, 
in 1 normal Ca(C~8)!J. The reverse holds good if the an-ion of the 
alkaline earth has a 10'''' precipitating value, while that of the added alkali 
has a high oue, and if the numher of the simultaneously acting kat-ions 
of t.ne <tlkaline earth he b'Tcat} as it is} for example, in 9 normal CaCl;/' 

Pauli has also stwJied the effect of adding hydrochloric acid and 
caustic potash to the 'i'arions salt solutions he used for coagulating and 
precipitating egg-white.s To exclude the formation of acid-precipitates, 
stronger solntions than 0'03 normal HeI were never used, especia.lly 
as 0'01 normal Hel strongly reddens litmus. It was found that the 
mono-, cli-, and tribasic neutral salts of the alkali metals were not 
ttpp1'6ciably intluenced by 0'01 normal HCU 'Yith 0'02 normal 
Hel, the sulphates of ~a, K, NH 4, and Mg produce a somewhat 
(Juicker, and with 0'02 normal XaOH a somewhat slower, coagula-

I '1'he double electrical load i~ not sufficient to explain the behaviour of the ions of 
the alkaline earths tQwaru" alh'J.min. for the divalent maguesium beh.a\'es like the alkalies, 
while the monovaleut lithium in IUauy respects approaches the alka.line earths, for its 
bromide precipitates, and the compound" forTIlE'd thereby SOOD hecome irreversible. 

2 Hofmeister, Arch. f. cxperitlt. Path. 1{. PMrln. 25. "26. 27. 
~ Coagulation and precipitation are term ... used in the author's sense (see p. 272). 
~ In every CllSe 2 ccm. of egg-white and 8 ccru. water were taken, AIld the salts tl!en 

add'3d in the ootid f(lfm. IrW8.S uW!Sbs;ry to a.t once mix the egg· white with the rest of 
the flUid to avoid al~OllS in the concentration of the electrolytes. • 
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tion than with native albumin. After twenty·four hours no difference 
could be seen bet,ween the tubes which ha.d Hel and KOB added and 
the control tubes. All precipitates were found to be reversible. 

Using 6·normal solutions of Ilon.coaglllating electrolytes (Mg, NH,p 
K, Na-acetates, chlorides, nitrates, bromides, iodides, and thiocvanates) 
acidification with 0'01 normal HOI converterl only the thio~yanates 
and iodides into precipitating agents: 1\1g > NH4 > K > Na. Thc pre
cipitates were irreversible, On gra.dml,l1y increasing the amount of 
acid the chlorides, nitrates, and bromides also become precipitants, })ut 
ammonium salts do Dot precipitate till the acidity has reached 0'03 
normal Hel. 

Reeping the acidity 0'03 norma] He] constant, and increasing the 
concentration of salts, Pauli found the precipitatmg power of t}Je 
saJts, arranged according to tbeir an..jons, to ioJJow jn thjs order: 
CNS>Br>NOg, 804' while, arranged according to their kat-ions, he 
obtained the series Na,>K>NH.f>Mg. 

Chlorides do not increase in the same ratio as do the other neutral 
salts, because the chlorides int,erfere to a certain extent \'I-'it}) the 
electrical dissociation of the Hel, as both possess t,he CJ-ion in 
common. If the chlorldes are only in strengths of 0'25 and O'[i 
normal, the kat-ions form again the series Na>K>NH4 >l\Ig, while 
in higher concentrations (l-normal) the order of the kat-ions js inversed 
and becomes the same as if only 0'01 normal HCI were prese!lt, 
showing tbat I-normal chlorides greatly reduce the electricaJ dj8socja~ 

tion of the H CL. 
\Vith 0'03 normal Hel the precipitation, on increa.<;ing the amounts 

of the salts, reaches a maximum, and then sinks on the further addition 
of salt. Using equivalent solutions the maximal precipitation of the 
egg~white was not always obtained with the same concentration of 
different salts. An precipitates on being diluted were found to be 
irreversjble, 

The acetates, fluorides, tartrates, and citrates of the alkalies, 
instead of producing an increased precipitation in the presence of 
HCI, were found to diminish the amount of the precipitate. 

Th. Compounds of Albumins with the Heavy Metals 

The following historical review is based on the papers by 
VaubeJ,l Schulz, 2 a.nd Galeotti,3 The first metallic aJbuminate 

1 W. Vaubel, Journ. f. prakt. Clwm, 60. li5 (1899). 
2 Fr. N. Schuh, Die Gr&.se des Eiweis3molekiUs. Jena. (1903), GQ,Star Fiscber. 

!I G. GaleQtti, Zeitscltr./ pltgdol, eitel/f. 40r 492 (1904). 
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formed synthetically seems to have been a copper compound, 
and, therefore, the copper albuminates are discussed in the first 
instance. 

7c. Copper Albuminates 

The copper compounds of albumin were first made hy Orfila 1 

because of their toxological importance. To him and to Christison 
belongs the credit of baving clearly recognised that copper unites with 
alhumin only in the form of its oxide, and not in the form of a salt. 
This view was also held by Rose,2 the discoverer of the biuret-reaction. 
Mitscherlich's 3 statements to the opposite effect were disprm'ed by 
Mulder 4 and 1..ieberkiihn.5 Other early workers were Lassaigne,u 
Bielicki," Neehe,s Rittbausen,9 Ritthausen and Pott,IO and Morner. ll The 
recent investigations date from Harnack,12 who prefeITed, by means of 
copper salts, 'ash-free' albumin, after "\flirtz:, in 184-4, had failed in pre
paring ash-free compounds by means of lead salts. Harnack's investi
gation called forth papers hy Gri.iblet}3 Chittenden, and \Vhitebouse,t-t 

I Orfila, Toxic. Gen. i. 535. See abo Chri~ti~ol), Ubet· rl. Gifte, Weimnr. 1831, pp. 
480 tllld 482. 

II .f'. Rose, POfJij~lIdorJf's Annalen, 28. 13~ (1833), Inaug. Dissert., IW:;tock (1833). 
3 C. G. MitsclIerlich, Arch.f. Anat. fI, Ph/lsiol. 4. 91 (1837). 
4 )fulder, Ve'/"8uclt einer allgcm. pkysiol, Chem. BnmDschweig, 1851-
6 ~. Ltebcrki1hu., [>oggendorff's AnMler., 86. 117 and 298 (1852), 
II Lassaig-ue, Jaunt, de c1um. medic. (2nd series), vol. 6 (according to Harnack). 
7 H. Bielicki, t}/f.(edam de metallol"wil allnllnilwtilJl!s, c01'Umque eJTcctu ad o-rganislII/wIII 

unimalitwt, Di.ssl'cJ:tation, Dorpat, 1853. 
~ C. Vol. Neebe, Ver.~!tcke;u. d. Wirk. d.Msigsaure1I Kuyferoxyds wid einige'l' anderelt 

"g",ni"'k'I<,""" Eupjeroxyde, DiS!lerta.tion, Ms.rburg, 1857. 
H. Rittban~cn, Die Eiweis-Bk&rper del' Getreidearten, etc. Bonn, 1871. 

10 H. Ritthausen and R. Pott, JUU1'n. f. pi-akt. Okem. 7. 361 (1873). 
II K. A. H. Morner. 'Alkali-alhominates in combination with alkaline earths and 

copper,' "(i',Jlsala Liikare jlJrenings /ifrhandl. 13.24 {1877j. See MlI.ly's BericJue. 7. 6 
(1877). 

l~ E. Hamack, (a) 'Tht' Copper Compounds of Albumin,' Zeitschr. f. physiol. OMm. 
6.198 (188]); (b) 'Method of Preparation and Properties of ABh·free Albumin,' Ber. 
d. deutsch. chen~. ae..~. 22. 3C1, 46 {lSS9); (c) 'Su1pbul' Content of Ash-free Albumin,' 
Ber. de deutsch. c1tt')n. Gu. 23. 40 (1890); (d) 'Studies of so-called Ash-free Albumin,' 
Ber. de d-<>uucit. chem. Ges. 23. 3745 (1890) (he~ is given a detailed account of how to 
prtlpare • a,,,h·free' albumin); (e} 'Further Studies of Ash·free Albumin,' &7-. de deutsch. 
chern. Ge..<r. 26. 204 (1892); (j) j Discussion on Crystallised ~d Ash·free .Albumins,' 
Zeitsrihr. J: pkysiol. CMm. 19. 299 (1894); (g) 'The Sulphur of Ash-free Albumins 
8.'> compared with that of Halogen Albuminates,' Be:r. d. deutsch. dUff/t. Gel. 31. 1938 
(1898). 

13 G. Grrlbler, Jour". f. pra.kt. chem. 28. 97 {I SST). 
U R. H. Chittenden and H. H. Whitehouse, 'On the Metallic Combinations of 

~~~~V:~~~8~~ from. tAt LaboTtU~ of P~1J$iol. Ohe1aist., Yale Um:'Vt'rI., 
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'Yerigo,l Stohmann and Langbein,2 Bulow,s Brnnner,'*. Baal,s Schnlz,t; 
and Galeotti_" 

The greatest amount of copper is bound by yegetable proteids, for 
Uitthausell gives these percentage figu.res :-

Glnt(,Il~Cltsoinogen from ,,,heat 
Legumin from PMS 

Spe!t-gJ(lten~caseinogen . 
Legumin from "broad b(ilallf; 

Legumin from oats 
('onglntin from lupines. 

CliO. A;!h. 
16'!)7 

15'61 1'21 
It:i'~3 t)-;Ji 

14'10 3'05 
1:1'5" 
1 :,'38-11'60 0'-13-2'16 

For :-mimal albumins the fuUm,,-ing percentage figures are giyen;-

An albuminate from t,he sepia-case (Schulz) 
'Iilk~caseill (l~itthansen a,nd Pott) 
Egg-white: F. Hose 

Mulder 
Mil,schcrlich 
Liellcrkiihll 
Bii:,litski 
Lassaigne 
Ht~rnack-(a) preparation 

(b) preparation 

1 It Weri>(o, 
~ F. f::itohrWll1!l 
3 K. Billow, 
4 A. Brunuer, 

.irch. 48. l:L7 (l890)_ 

20 per cent eno 
lG-l7 
I-G-l'G\] 

4'44 
2'8,:3'3 
4'6 
4'72·5'19 
4'95 
1'31\ 
2·6·~ 

elinft. 44. 33Ij{1S91). 

lS~lj . 
"<:. 

!lfercuric 

'Action of lix('d Alkalie!; ou Egg-albumin,' Bu. d. deutsch. Ch('!{1. 
(iii 'Colloidal I:lilvcr-oxide,' wid. p. n06; {c) 'Colloi<!:d 

/ll/d. p. 22]9; (d) 'Colloidal Slll'e:r,' ibirl. p. 2224; (E) 'CDll(}il~a.l 

Gold,' ibid. p. 
(i Fr. N. Schulz, Die (hus8e des BiuxisS1Jwleh;ls. Jella, 1903 (Gustav FiBCLCr). 
7 G. Galf;lotti, Zeitscllj·. f. physioi. Olin,1. 40. 4.92 (1904). 
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TAn/,},; BY Y. X. SCJIl;LZ ;-:JW\nXG THE PERCEXTAhE IX \VmeH 

YAIUOl~S HE.\yY \lETALS IL~YE l-'.l:<:E:\ I:\)\~;\1) IN Cmml:\ATlO~ 

WITH EUG-ALIW..'I!I:\". 

(~(lleotti, Ii by employing GilJ]/", method of rcpreseut,ing geometrically 
dIe thermodynamic principles gtrrernillg a pluriphasic system, has 
sllceeetled in ~olying the proLlcllJ uf tlw equilihrium between the 
uitfel'l'nt pba;,;es of egg-albumin 0)' scruIll-allJUlllin and CnSo4 or A¥~03 
by a graphic method, fnr a t(,mperature betweell 1 ramI 16 _ If the 
centesimal composition of It gi\"€n complex has heen ascertained. it is 
po~sihlc to at once determine illto how many phases such a complex 
ma~r di\-ide, and also ·what the composition of each pbase must. be. 7 

Gllleatti has arrived at the conclusion that the salts of the hea\'y 
metals with the albumin" are not true compounds in CO[l.<Jtant propol'
tions according to the theory of valency, The insoluble compounlls 
which are formed on bringing together solutions of albumin with hmy,\" 
metills, and which arc nS1Utlly callt·J metallic alhuminatcr;, are loose 
compounds with varYing cOllstitutiollS. 

As the ~ombinations of the heavy metals with the alhumin are 

.1!ilude),,133. 125'(1865\. 

Chemic, v. Will, 1866 IGiesscli. 

5 Locw, J~tfiigel"s Arch. 31. 893 
6 G. Galt'.()tti, Zeitscnr.j. pllys;!)l. Cho/I. 40. 4921]9041. 
7 The render will wI{ a concise aCcOllllt of Gibb'." l,rinciple as {·laborated by Bakbui;;· 

Il.oozeboom. Rij~ ~"&l! A1kemade and Schreill~ruaker8 in Galeotti's pa~r. 

<J, •. 
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soluble in an excess of hoth the heayy metal and thp alhumin, Galentti 
has spoken of such compounds lIS reversible alles, out P:mli points out 
rightly thH.t the term' revcrsihle) shonld on1.,- lie used for the com
pounds which, on dilutioll with water or on dialysis, :11'0 recollverted 
int.o the initial unaltered albumin. Reven;;ible coagubtes arc thus 
only formed b,v t,he neutral Halts of the tdkuJil's and of maplCsilllU. 
r\ccording- to }'!iuli 1 the e.:;scntild ditfert'flCc }wt\\'('(!lr the i':ftlts of th!' 
alkaljJH' earths and those of the heavy metn,ls is >:.!wrt1r t.1Jis; In thl" 
nlkaiine earths hath kat-ions and ;tn-ions play a part in producing 
coagnJation, although the efrect produced hy the all-ilm,; lR sllh,j(liar},. 
III the salts of thc hellsy metals the only coa!;\dating factor is the 
kat-ioB. the an-ions hciug ne~ligihle . 

. Ill 

Pauli has experimellted OIl egg-white with l:oS04, CuS04, and 
Ag)l03' He distinguishes the foHowillg three types of phenomena. 

1. In the case of ZnSO,1' starting with very dilute concentration" of 
this salt 0'0008 to 0'001 normal in 1'10 egg-white, a coagulum is 
obtained, which on dilution is not reversible j in concentrations of 
0'5 to 4 normal, ZnSO.j does not cause coagulatiOll; beyond 4 normal 
concentrations a precipitate is formed, which, on diluting the solution 
up to 4 a.nd 0'5 normal, dissolves again, 'while, jf the djJution he 
carried heyond 0'5 norma.lJ an irreycrsible coagulum is formed. The 
greater the concentration of the albumin, the more does the indifferent 
zone become narrowed down, ItS is seen from the figure given by Pauli, 
in which I., II., and III. represent increasing ~trengths of alhumin. 

From this figllre it also follows that in the region of the second 
precipitation the albumin will be precipitated by diminishing not only 
the albumin + salt-content, but al<;o the salt percentage alone. 

1 "lV. Pauli, }/ofmcisill'l"slJeiln'fjt, 6. 233 (1905,. 
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2. The second type of coagulation is seen if Olle uses copper 
sulphate. It resemhles ZnS04 ill also giving a precipitate in very 
dilute solutions (0'0008 to 0'001 norma]), and giving no precipitate 
in normal solutions,l but. it diffel's from Zu~O,l in gidng- with 1: 10 
egg-white a secondary precipitate even if used in strengths of six 
times normaL Galeotti ha.s, however, shown that copper sulphate 
with vcry high concentratiollK of albumin hehuvcs as follows: "On 
dissolving Ii hll'ge aIDf)llnt of tupper nlhllmllllLLc in 'l supersatur,ltcd 
CuS04-soIutioll and inspissating the £laid tlIldcr a hcll-jdf with some 
H.,S04' Onl~ olJtaills at first only crystals aud the solution l'emains 
cl~!IJ" hut grauuHJly as the crYBtals iTH'rease in sjz(', the fiujd h€('omes 
turbid and a more or less abundant precipitate of alhumin 8t'ttles 
O()"Wll." To dissoh'c this pl'ccipita.ted alhumin it is necessary to dilute 
the origin:Ll t;ollltioIl with more saturated copper ~mlphate solutioll, :U" 

addition of mere 'water le!Hls to a furthf'l' precipita.tion of albumin. 
CUPPCI' sulphate is thm chnmcterised hT gi l-illg precipitates on1r 

in feeblt' concentrations, and hy dissolying the predpitatc, formed 
originally, when eyer its eOllccntmtion amounts to morf' than 1 uOl'mal. 

3. The third type is represented hy siher nitrate, which pre
cipitates in all strengths fl"()ffi 0'1 to G normal (Pauli), hut if exee;:;s 
of alhmnin he present large amolUlts of the siker-alhumin-compound 
are l'('dissolyed (G-aleotti). 

Corrosive sublimate scenlS to the author to l)elong to tIle third 
type_ Hose,2 howeyel', has point.ed out that hrcmoglobin prepared by 
Berzelius' method is precipitated hr concentrated sublimate, bllt that 
on diluting the mixture it passes illto soIut·ion, to be, howe\'er, repl'e
cipitated by increasing the amount of 8uulimate. The author in his 
Phy,~joJ{).1iCilL H14%.f!.1J was t,he first to make e:\"perimellts to determine 
thl' antagonistic effects produced hy sodium chloride on the precipita
t.ion of egg-white by corrosiyc sublimate, for this question is of great 
importH.nce jn conneetion with the fixing of tissues for histological 
purposes, the medicinal ~~pplication of sublimate and the sterilisation 
of hauds im~ wounds by sublimate. He based his explanation on the 
electro-affinity of metals (see footnote, p. 313). 

The following experiments are taken from the a-uthor's Physiological 
Histology, pp. 109-113. 

EXPERIMENT 8 A 

In the first experiment 5 per cent watery solutions of sublimate 
and of common salt were used in the amounts stated in the table, 

1 ~"~lat' weight.s of ZnSt14 and CuSO~ are 160'0 and 159'2. 
~ F. Rose, PQ{Jgen.dtYrf'$ Annalen., 28. 132 (1833i. 
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1 ccrn. of normal egg-albumin being adJcd to 10 CCUl. of dIe sublimate
salt mixtnre. After the addition of the alLumin the test~tuhes ·were 
each shaken three times. a sha,ke consisting of a Hingle sharp 
movement. 

HgCl~ ),'":tCI .\ll)l1min. 
[i p~rcellt. [Jpt'l'(','llf. 

A 10 Hi a 
B 9 9 I 
C 8 , , I 
Ii , , , " E 3 , 2 

I F 1 , 1 
C 'j , 3 
11 ;1 , 
I I , { 

K I , 9 
L 0'[/ 9'5 0'[' , 9'/; 
31 0'25 8'/;, 0'25 , \1-75 

: ----

The jmme~iiH.te results are these :-In A it ,:cry warse mernuranous 
precipitate is formed, which after fire minutes commences to settle, 
leaving a failltlyopalescent snpernatant layer. B resembles A, but 
the precipitate is less coarse. C show's a finely floccular precipitate in 
a hluish opalescent mother liquor. Soon the ffocculi aggregate into 
larger flocculi like cumuli, awl. these commence to settle quickly. 
D resembles C, but the flocculi are smaller and settle less quickly. 
The mother liquor is more opalescent thtw in C. The specific gravity 
of the egg-white lies betwecn that of the solutions D and R, nearer D. 
The tube ]) shows a unifonnly opalescent fluid with no flocculi. 
"From F to .ilI a gradually diminishing opalescence is seen, which in M 
is just perceptible. 

After twenty-four hours in A a thick curdy precipitate occupies 
the lower quarter of the mixture, while the supernatant fluid is 
perfectly clear. B shows .a thick curdy precipitate jn the lower third, 
the middle third being distinctly opalescent alld sharply marked off 
from the upper third, which exhibits the faintest trace of opalescence. 
G to .111 form a definite series in which the amount of the precipitate 
and the opalescence slowly decrease till only a few very light flocculi 
are seen in H, v"hich thus forms the most homogeneous tube. In 1 to 

M the opalescence gradually diminishes till it is just visible in M, hut 
there is no precipitate. Thus after twenty-four honrs H shows the 
.same condition which was seen in E immediately after mixing t.he 
egg-white with the sublimate--salt mixture. 

General conclusions a.re given on p. 313. 
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EXPE1U;\IE;';-T 8 D 

In Experiment, i:'.\ the only constant was the egg-white, namel,r, 
J cern .. ,~-hiJe /J(Jth tlI(' <.:lIhlinmte alld the salt solutions were yltriablt's. 
FollfHyin;; the i'iUggestioll of U. ,T. Burch the anthor repeated the 
experiment witl! two eOlll'.tanb-i, namely, the sllhlimate amI the cgg
white, <1.1l(1 two yariahles. the Ralt and thn water, with Experiment .s I:, 

while in Expcrilllellt 14 l' tho alhllmin amI the salt were constants. tht' 
snlJhmatc and wHier being the variahles. (The diiYerenccB in t,he 
electrolytic dissociatiolt of XaCI and the hydrolytic dissociation of 
IlgCl worc not taken into considemtiull.) 

The molecular weight of sodium chloride is ;)8'4, and a 'llormal' 
solutioll is made hy di:=:sohing [)8·-1- gl'ms. of this salt in 1000 cem. 
of water, ~()diuJll IJCing 1ll0l10y;dent. The 1lwleeular weight of mercuric 
chloride (sublimate) is 270'6, and, as mercury is dimlent, to obtain 
<l normal solntion of sublimate equivalent to that of a monovalent 
snbstance snch as sodium chloride, one-half the molecular weight in 
grams, namel.,,- 13;)';) grams, ",yould have to be dissolved in 1000 celli. 
of water. The solutions used in this experiment were a two-fifth 
normal sublimrl,te solution, i.f. 54:'1 grams in 1000 ccm. of water, and 
;t double-normal salt-solntion, i.e. IlG·~ grams in 1000 ccm. of water. 
Tho reason for choosing a two,6fth sublinmte solution was because 
the insolubility of sublimate prevents a 'normal' watery solutioll 
heing made, its solubility being only 70 instead of 135'3 grams in 
1000 ecm. of water. The sodium chloride Was used in double its 
normal strength to bring the action of this salt quickly into play. 

Care , ... as taken that the total amonnt of fluid amounted in each 
case to 10 ccm., and that the sublimate, salt, and water were well 
mixed before adding the albumin. 

25 ccm. of sublimate 801utjon cont.ain ] '3525 grams of HgC]:l' 
while 5 cern. of salt. solntion contain 0'584 gram of NaCl. (Tahle on 
p. 311.) 

The immediate results were :-A showed no change, while in E a 
dense flocculent coagulum appeared which commenced to settle after 
10 minutes. The coagulum was so dense that or-dinary letterpress 
could not be seen through the test-tube. C contained finer flocculi 
than B; letterpress at first was just visible, but the writing became 
morc distinct after 10 minutes becaus~ of the settlement of the 
flocculi. D resembled 0, but the flocculi were still finer, and hence 
the print plainer th~n in C j after 10 minutes individual letters could 
bJ recognised, <~B·~iment was finer and less abundant than in C. 

E to L exhibit a gradually descending series of opalescence. The 
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egg-white floated au the sollltions trom A to (; and hau to he mlxt'(t 
'with the fixing solution hy ~haking. At 11 the 8]1ecitic gtarity VIal'; 
approximatel.r the same; the egg-white l'l{'nt dowHwards tinger- like 
processes rc~emhling the tentade~ of a mednsa. ll~t first sight 11liglH 
he tnken t,o be almost clear, and L l'ompare({ with A showed the 
merest trace of opale:-;cen('t', III JJ, within :? ~ Ulinutes attN' ad (ling 
the albumin and Shl~kiJlg yj_goJ'ol\:-)ly, :\ tllil'li: {,lmly precipitate f;.pt.t.l(·d 
down, III J.Y t.he s,tlt-s(Jjut.ion did not .{nit(> In-en'llt. ;1 slight op:de,,

cenee, indicating that Home albumin was ~till comhined with sull
lima.tc_ (J showed a yery faint opalescclll'e (lnc to incipiellt glohulill 
llrecipitation, 

A 
I: 
C 
Ii 
R 
P 

1(,' 

1I 
J 
K 
L 
J[ 

I :Y 

After twenty-four hours :-In A the :o.olution was abf;olutdy clear. 
III B a heavy virhite curdy precipitate occupied the lower one-third. 
while the upper two-thirds sho1yed .t just perceptible opalescence. 
C to (} sl:wwoo s. slight pl'ocipits.te, most marked in C [tnd gra.u~wl1r 

diminiahing till just visible in G; the supernatant fluid showed a 
marked bluish opalescence, most markeu in C and gradually diminish
iug till G, In 11 to L no precipitate was visible, and the solution::: 
gradually become less opalescent, till in L the opalescence was just 
visible. 

After forty-eight hours traces of a fine floccular precipitate were 
seen in all the tubes from H to L, being least marked in L. 

Jl1 contained a dense precipitate in the lower one-fifth of tlle tuhe, 
the upper four-fifths being perfectly clear. With t~~msmitted 8un~ 
light the flocculi in the precipitate were seen to be much coarser than 
in B_ In N the opalescence was still visible, while 0 wa.s perfectly 
clear, with the merest trace of a sediment_ 
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EXPERIM}~~T 8 c 

The sublimate and salt solutions were of the same strength as in 
Experiment 8 E, the constants in this case being the salt and the 
variabl{'s the sublimate and water. 

XnCl 1l;,"CI2 Jl20 
inC{,Ill. 

~1 10 I " :1·]ti8 
j; 10 2'5 S:h'i :1'168 
C 10 5 80 : 1'168 
D 10 10 75 : 1'168 
E 10 20 65 :1'168 
j, 10 25 '0 : ] '168 
G 10 30 55 :1'168 
1I 10 4O !5 : 1'168 
1 10 50 35 ?'j2::; :1'168 
K 10 60 S':'!,,) :1'168 
L 10 70 3i'l3i :1'168 
JI 10 80 1'328 :J'j(j8 

The immediate results: All solutions from A to JJ are opalescent; 
D to 1I show a flocculent precipitate after the first three sbak~s j on 
continuing to shake this precipitate disappears, but re-forms after five 
minutes, though to a much It'sser extent than at first. The specific 
gravity of egg-'white lies between [ and X" TIParer to 1. I after ten 
minutes shows traces of 11 flocculent precipitate, similar to the primary 
one seen in JJ and H. K, Land Jl[ are milky opalescent with no traee 
of flocculi ten minntes aher the experiment. 

After forty-eight hours all the tubes from A to AI are markedly 
opalescent, the opalescence and the amount of precipitate in the bottom 
of the test-tube increasing gradual1y from A to lJI. In AI the upper 
one-tenth of the solution is somewhat clearer than the subjacent 
portion, showing that a second crop of flocculi is about to settle down. 
K appears more milky than either I or L. J[ in general character 
strongly res;mbles C of Experiment 8 A. 

General conclusions are gi,Ten on the next page. 

EXPERIMENT 9 

A saturated solution of sublimate in
k
O·5 per cent sodium chloride 

(Gaulc's solution), and this solution diluted with an equal bulk of 
water, were ~~red with a sa.turated solution of sublimate in 
tiistilled wa.,Nid,aIso with this sblution diluted with an equal bulk 
of distilled water. . 

c~' 
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Hesult: The saturated sublimate-salt solution formed n. sediment 
conslsting of coarser flocculi than the saturated watery 5ul1liumte 

solution, and therefore did not settle down UR firmly M tho former. 
The sediments formed bv the half-saturated solutions onl" settle down 
to one~half the extent oi'those formed hy the :mturated O~l.CS_ 

There ,Yas no differC1JCe noticcIlhJe in the sediment-Oj of the tn-o 
half-saturated solutions, w!liJe the 8upern:ttant fhrid ill thu,t test-tube 
cont..1.ining the half-saturated salt-suhlimate mixture was opalcJSccnt, 
heclLuse thc sa.lt leads to the formation of some \·ery fine coagula, or 
partl.V dissol-res the ruenml'y precipit~1te. After shaking up the two 
half-saturated solutions, the one containing salt settles more quickly_ 

GeIleral conclusions: Sodium chloride, if present in even minut-e 
tmce$, has It distinct solving action ou the suhlimate precipitate, and 
11 it be to the sublimate in tbe proportion of :) : 7 grltm \veight (Experi
ment S _-\j j J) the formation of a solid coagulum is ljrt~vent(ld altogether, 
-the albllmiu-molecules being fixed separa.tely give rise to a fine 
opalescent enlulsion. Still further additions of s:th, especially if iho 
amuunt of gram weight of sodium ehloride to thc sublimate is aa 
5-84: 1·35, prevent coagulation n]t{lgether (Expel·jmcnt <S II, 1), because 
the sodium chloride, by its rea.dy dissociation into sodium-ions and 
chlurine-ions, saturntes the watery solntiou with the latt-er, and thereby 
preyents any more chlorine~ions heing fonned. Sublimate, which 
wonld normally break up hydrolrtical1y according to the formula 
HgOn,.. :HICI, a.nd its hydrochloric acid illto the hydrogen-ion with 
an acid reaction anu the chlorine-iol1, c.annot do so now, as tho 
formation of chlQrine-ions in a solution already saturated hy them is 
impossihle. 

'Yhen sublimate, therefore, is used in strong :\aCI solutionf> it 
cannot dissoeiate hydrolytically, and no hydrogen.ions being formed 
the reaction of the sublimate and salt solution remains neutral, as has 
a.lready been noticed by Lee and Mayer.1 

1-Vhen a proteid, coagulated by sublimate, is: treated with a solu
tion of sodium chloride it becomes soluble, because we are dealing 
v-rith the fonowing changes: From a table of electro-affinities 2 it will 

) Lee and Mayer: &'nutdziige d. 1flikr-_ Teclmik, 1901, p. 43_ 
"t Ahegg and Hen, ChemiBckeil Prru/icUJn, Vandeuhop-k and Ruprecht, Gi"ittingell, UWO 

(English editiorl, Macmillan), gives the fonowing table of electro-a.ffinities :-
Ka.t-ions £.rranged in (lesccnding order of their electro·affiniti(\s~ 

X, Na, Li, Ba, Sr, Ca, Mg, AI. lin, ZrI, Cd, Fe, CO. ~i, Pb, 
H, Cu, Ag, Hg, Pt, Au. 

An-ions arranged in descending oI"der of electro-affinities-

(F, N03, C10s}, (el, 80,), B1', I, PO", 00" CJ{)4, Si0s> SB, H,J30s' 
OH, ON, 0, S. 
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ht' seen that sodiulll if> a much stronger kat-ion than is mercury, and 
henee sodium will di.-.place the met'wry in the albuminate, a sodium 
instead of a nH'reury alhumina.tc heing formed; thf' mercury ions. 
turne(l out (If their unioll with the albumin, link OIl til the chlorille 

all-ions to form sublimate, nnd as the solution i", alr'ead,l saturated 
with an execss uf chlorille-iow:>, the Hf!( :l:l CHnnot dissociate. and we 

ft.l'ri\'{' at the sanu' reslllt as if we hiLtI added il solution of Rul!limale 

ill ~t strong I"alt :::ulntioll to the proteid. The Rodium alhnminar.(' docs 
nut coagniate, lJt~ca1lS1' all lleutral salts, such as sodium chloride, fail to 

product> coagulation. 

These experiments make it cle:tr that it is by no ml!an" immateriai 
WhCt!lC1' tissues are fixed in sublimate or ill sulJIimate-sodium chloride 
solutions. Some ye<~rs ago 1\1. Hcidenhaill waR good enough to 
il1form me hy letter that his object in using suhlimate dissolved ill 

salt. solution was to increase the solnhilit.'> of the former. At that 
time I had made these exper·imcnts. hnt, refrained from an'iying at 
anr rash conclusion hecaui:lc] did J)ot know then, nor do I now, to 

what ext.ent the electl'olytie dis80ciatinn of sublimat.e is prevented hy 
the /lIldh-ioll of saH, particularly as the new factor of illereasc(l solu
bility of the mercury salt, m\'ing to the formation of double salts, 
comes ill.] 

\rhell staining sections the instability of the mercury albuminate 
must also be horne in mind. 

To determine the coagulating power of the double salt HgCl2 + 
XaCl when used in different strength:;. The double sa.lt was made up 
as ::t [) pel' cent solution. 

A B C D E P 
[, pel' ct'ut double srtlt solutioll 10 
'Yater 
All,ulllm 

-------~ 

Double salt by weight 0'5 0" 0'3 0'2 0'1 0'05 

Alter twenty-four hours the amount of sediment diminished from 
A to F, showing that to get a complete precipitation, as far as this 
is possible in the presence of sodium chloride, the fixative must be 
to the object to be fixed in the proportion of 10 to 1. That pre
cipitation was not complete was determined by adding some of the 

1 Experilll6nts have .be2n going on for some time to settle experimentally the precise 
eff.,ct produced on ~\leii1>y adding soUium c'hloride to suhlimnte SOI-qUOIlS in different 
proportions. 
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r, per cent double sldt solution to the tuhes lJ, B, a.nd F, W]l('H ;ill 

increase in the amount of opalescence wa~ (}ll~enl'd. 

To determine the effect of ,t 10 per cent lI'ttterr sol uti Oil of the 
double salt HgCI, + 2 XaCl. 

A II I'; 
]G crJ]t dOllhll' s.alt )0 

Albllmin 

After twenty-four honrs all test-tubel':. hau a milky opaie"eent 
appeanwce, the tuhe C heing the most milky hC('(l.u,-;e the specific 
gravity of this fixing f;olutiOll was primarily eq_m1.l to that of the 
alhumin solution, and for this reason a.lso no sediment w:t." formed. 
ln the remaining four tUlle8 the sediment tliminished slightly ill thi" 
order, B, D, lJ, ..4. 

That sublimate in the presence of sf)dium chlol'ide loses its 
coagula-ting power and therefore :tlso its toxicity is well :,hoWJl hy 
the investigations of Paul and Kri:inig} who found th;\t tIw nnrnhel' 
of colonies of hacteria increaseu vdtb the amonnt of Seth wI'deh W:IS 

tLdded to a. sublimate solution. Subsequently Paul and Ral'wey:.> 
showed t.hat 8uhHmate is 1e&<; di'isociated in high peJ't'(',nta.ge eth;d 
alcohol than in methyl alcohol, and that alcohols greatly interfere '~'ith 
its power of dissociating and t.hcrefore 'whb diBinfection. 

If we take all the factors into consilieration it seem~ to the 
author that the union of the heavy meta.ls ,yith albumins is, in the 
case where metallic salts undergo hydrolysis, primarily all oxidative 
process, the metallic oxide, for eXfunplc, HgO, uniting with some 
carbon-atom, analogous to the ullion of the unsatisfied oleic acid 
with osmium tetroxide. a "'hi1e in those cases where metallic salts 
do not undergo hydrolysis, as in the case Ag~O:l' the primary change 
is a union of the NOj-ion with the amino-group of the a1bumin, while 
the union of the Ag,ion with the allmmin is only made possible by 
the conversion of the Ag-ion into the oxide. (See p. 342 U11der 
Schadee van del' Does.) 

1 Paull and Kr,jnig, Zeitschr, f. physikal. ahem. 21. (1896); JJii.ncMw:r jj)n! 
lr,)che1!.s"ch. 1897 ; Zeitschr. f. Hygiwe, 25. (189i). 

2 Theod. Paul amI Otto Saney, jfii-nchene:r mediz. lYuclunsch. 19D1, No. 36, 
3i, 38. 

3 Malln. PkysWZO:lical Hisio{orJ1!. 1902, pp. 303-31L 
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8. Coagulation by Means of Heat 

If ·watery J:lolutiollf, of a.lhuminous substances are heated to a 
certa.7n temperacure, the .tlhumin hccorues coagulated. Little as ·we 
know as to the principles umlerlying this process, it is yet necessary 
to di!'-cuss it iu fnll, <-1 .. 0; we constantly hnye to practise it. 

Xatlll'al ILlbumins are alway;,; changeJ chemically by heat action. 
They become more llasie, for distinctly acid solutiolls become less acid 
and nelltral solutions tnrn alkaline. On the other band sulutions of 
mnscle~proteids, which are essentially globulins, are rendered acid by 
heat-coagnhtion, as was fin;t shown for IDyosinogcn and paramyo
sinogen by Halliburton, and then fully confirmed by G. N. Stewart. l 

The two main factors influencing heat coagulation are, firstly, the 
reaction of the solntion, a.nd, secondly, the amount of salts present in 
the solution. Apart from the older investigations of Lieberktihn and 
Hcynsins 2 and others, the chief adyance in more recent times has 
heeu made by Frederjcq,3 Halliburtoll'; nnd his pupil Hewlett,5 
~eumeistel',t; 13runner,7 and Starke.8 'rhey agree ill emphasising that 
complete precipitation and coagulation of albumin is only possible if 
the reaction of the solution is slightly acid. 'Vhenever the reaction is 
too strongly acid or too strongly alkaline, then a greater or smaller 
amount of albumin remains in solution and so escapes coagulation. 
The other fact, first noticed hy Aronstein, 9 and then confirmed by 
Hcynsius,2 Harnack,lO Btilow,ll Starke,!:! Pauli,13 and Erb,H is shortly 
this: If a solution of an albumin-for example, egg-white-has all 
its inorganic salts removed by prolonged dialysis, then heat may 
be applied without producing coagulation. But precipitation and 

2 A._ Hf;:yQ4blS~ 

:1 L. Frederic-fl, 
\]01 (1890) . 

PhysirL Q~ 5l4. (1874.}.. 
ill the Zentralbl.J. PhJlsiol. 3. Nr. 23, p. 

.: W. D. Halliburton, Jour'll,. ql PhysiDl. 5. 155 (1885). 
~ R. T. Hewlett, ibid. 13. 4n (1892l. 
6 R. 2\eumei"~tt>l" 'Introduction of Albumoses and PeptOIH!S into the Organism:-,' 

Zeuschl-,/. Bior. 24. 272 (1888). 
7 R. Brullner, Di~sertatioll, Bern, 189-1. 
~ J. Starke, 'Heat.l'oa.gulation au(l Neutral Salts,' Sitzu1tgsber. d. Gesellach. j. 

Jlorpllol. untl PkJlSiol, in ~l[IIJtchen, 1897, p. 1. 
\I B. Aron~t.ein, PjliJ.gf'J"S A:rck.j. d. guo Plqpn"ol. 8. 75 (1874). 
10 E. Harnack, Ber. d. deutsch. CMm. Ges. 22. II. 3046 (1889); 23. II. 3745 

(1890). .~ 

11 K. BUlow, PftiJ,gds Arch.f. d. ges. Physiol. 58. 207 (1894). 
1>1 J. Starke, Siblg*" d. fles. f. Morph. 1t. Physiol. in Miln.clam, 1897, p. 1. 
13 W. Pauli,~, A'rI'A.j. d. ges. PhYsWl. 78.315 (1899). 
1.: W. Erb, ZtihM,..!. Bioi. 41. 309-(1901). 

,~ 
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coagulation of the albumin are induced at once when :;alts n.rc added 
to the heated ~olntion. 

Starke and El'b give the following explanation :-Albumins are 
always dClIatumliaed hy heat, wh:~ten;r the reaction and whether 
l1\<lltt'l are present or not, hut the fate of the denaturalised a.1huUliu 
,It>pends on vH,rious factors. llenaturalised alhumin is insoll1hlt.· in 
water and in nentral salt solutions-soluble, however) in acids .'Uld in 
alkalies. If therefore a feel{y alkaline solution of alhumin it:,. he,Lt,(,(l, 
there lS formed at once :l soluhle salt consisting of tho denaturaliscd 
alhumin and the metallic base; while if (\Tl acid solution of alhmnin is 
heated, there results analogously a lioluble salt composed of tlH' 
Jenl1tnralii'ied allJUmin and of the acid we added. Only if the reactiml 
js quit,e ~leut,ntl does the denatumlised albumin, which jn itself is 
insl)iuhlo, become completely l'recil)jtat.eti. 

The sa.lts which tlenll,turalised albllmin forms with acids rtl'C called 
acid-a.lbumins; those formed with bases are usually called alkali
albnminatcs~ but Kchmiedeb~'rg 1 and ~lan~ 2 employ the term 
'a.lhtrminic [I'-.:ids.' Paal g ellll" the denaturalised alhumin which is 
formed h:y the action of fixp{l alkalies-protalbinic and lys:-tlhiuie acids. 
Osborne" calls the uClU.tnrali.<;ed ede.-;tin -cdelStan. The salts of 
denatnf:tliserl albumin with hydroddoric, fSuiphuric, acetic acid, etc., 
Hro "err soluLle in water, but ther are precipitated by even traces of 
salt". Alkali-a,lbu.minates are precipitate!l by larger amounts of 
neutral salts; of these ;11kali-alhumrnates the s0uillm-, potassium-. and 
ammonium-salts are readily soluble, while the calcium-, barium-, or 
stront.ium - salt,s arc only slightly soluble. Therefore 1m alkali
albuminate is pl'ecivitated by a Inrge amount of sodium chloride 
and by small amounts of a calcium salt:" 

According to the view of Erh, t\ coagulation of serum-albumin tukes 
place in the following manner :-An albumin solution containing no 
traces of salt is completely precipitated by heat., and not a trace 
remains in solution. The addition of a drop of uilute acid or 
dilute alkali prevents the coagulation apparently completely, as 
the solution remains clear on being heated; but the acid solution is 
completely precipitated if subsequently a trace of sodium chloride 1S 

1 O. Schmied{'berg, Arch. f. experiment. Path. u. Plwr'llt(lk;)l. 39. 1 (1897). 
II O. Ma.u.s, Zeitsch'r. f. physid. Chern. 30. 61 (1900). 
3 C. PaaI, BN'. d. deutsch. diem. OM. 35. II. 2195 (1902). 
4 T. B. Osborne, Zeitschr.f. physwl. aMmo 33.225 (1901). 
5 S. Ringer .aDd B. Sain5011l'Y. JCr/lorn. oj Physiol. 12.170 (1891); s. ltiDger, ibid. 

12.378 (l891); also ibid. 13.300 (1892); F. W. l'uunicliife. Zentrtdbl. J. Physiul. 
B. SSI (1894). 

(I W. Erb, ZeitacJtr. /. Bioi. 41. SOg (1901). 
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a(l(ll~(l. An add solution of alhumin which contaius salts coagulates as 
soon as it i:; boiled. If the reaction he alkaline, precipitation it: never 
:0,:0 com},lete as ·with acid solntions, hut an alkaHne solution cOlltaining 
snIts, of'.peeially a calcium salt, always becomes turbid. and is partially 
precipitated Oil hely'g heated. 

The following points arc aho of interest :-Any albumin solution, 
(,olltainin~ s.alts. acid!', or hases, hecanIes more alkaline on being 
cuagulated: therefo]"e It solution which, to hegin with, is neutral 
01' eycn acid hecomes distinctly alkaline on hoilillg. "\Yhy 

thi" lmppens not kllown definitel~', hut the author, who has 
discussed heat coag-uiatioll at i--'reater length in his Ph,1l8il)1l)[l£cal 
IIi:4u/(!,rllf, 1 ~IUj, I'p. tI8-Gfl;, has arrivpd at the conclusion" t.hat any 
Lu:tol" which tendR t,o prc\"ent the formation of hydrogen-ions will also 
prevent coagnlatioJl.'· •• By l'cgarding proteids as hydrogen salts ,ve 

may as~nlllt' that tht' h,nlruxyl.radieaJ of aJkaJies preYents coagubtiOlt 
either h." prE'yenting the intrnll101ecnlar change" (i.e. conYCrs-ioll of 
],seudu-l,asci" into real hases allu pscudo-acids into real acids-see this 

book p. :21 fii ._ which ocellI'S normally when heating nelltl'<11 01' acid 

proteill sulntlolls, or, if the intramolecular change docs take place, hr 
nt'utralisiJlg the acid hydrogen-ioll which is liberated." The increase 
in nlkalinitr, whieh is producetl lly heating albumin solutions, is 
explained tIm::;: "1f the pseudo-acid rauical 1 of the- proteid is con
Y'.~l't('d into a real acid, it will change the pseudo-hasic radical into a 
real hasp. which latter, by splitting off :tmmonia, could produce the 
an. aline rC!lction. ,. The view of the author is not only supported by 
Sdmdee van der noe~' ~ obserYation that addition of sih'er oxide, 
Ag"O, prevents heat cO;l,gulation (see indcx),-as does also the addi
ti(~l~ of osmium tetroxide, according to I\Ionckel!crg and Bethe,3-
hut also h,Y the recent investigations of Heffter,4 who showed that a 
potclItial hydrogen-ion must exist in the albumin molecule, which, by 
uniting with sulphur, gives rise to sulphuretted hydrogen (see p. 97). 

That albuminous compounds are pluI'ivalent acids and bases is 
rd'erred to on p, 218, and on the author's theory it is quite conceiv
able that, if not all, at; least some of the amino-acid side-chains in the 
albumin-molecule, having become hydrolYiied by heat, will then act on 
the remainder of the molecule as would any free acid. Heat coagula
tion is therefore brought about by one portion of the albumin molecule 

1 By au oyersight the word pseudo-basic has been 'Substituted for pseudo-acid in the 
ol"igillai. 

~ Selmd"i' v~n der D~ ZeiJ • .!: p}lJlsiol. CJtem. 24. 351 (1897). 
~ MiJll('keberg an4 ~1lhe . .1rth.j. mih'. A1'I«t. 54. 135 (1899). 
4 Heiner ami H"ul!lrut.un, !Tltfmeiste'r's Beitritgc, 5.214 (1904). 
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precipitating the remainder. \\Thether s:dts are neE'ded or may he 
dispensed with will depend on the n:'ttuI'C a.nd the groupinE!: of the 
amino-acid compounds in the alhumin. 

A chemical explanation as to why acid-alhumins are prc('ipitated 
hy salts, is, according to Cohnheim, st.ill uutstanding, hut it is defiHitely 
known that this phenomenon is not a salting-ollt lJl'ote!;s, for P<111Ulll,l 

lhilow/ \Vet'igo,:l Kieseritzky,-J. Hostmberg,5 Goldschmidt,r. Y. }\lrth.7 

Schulz,~ Starke,ll H.nd Erb 1(' have shown precipitation to he Immght 
about by mere traees of salt. 

The <lut-hor is: of t.Jw Opi)l]i)n that, the prccipiu!tion of Il('id 

albl~mins by the ~H.1djt]on of salts is in overy respect aunIogaus to the 
throwing down of colloidal solutions by 'neutral' salts, as explained 
(In p. 2S9. The acid. albumin + the strong all-ion radical of a' neutral' 
salt po;,\~ess conectin~ly t.he :::ame a.mount of electro-[lffinity as does 
tllf~ strong kat-ion of the j neutral' salt. This view is further supported 
hy the fact that there is a dennite proportionality between the amount 
of aci(l present in the albumin and the amount of salt which is 
reqnired to ensnre precipitation. The Rumller the excess of acid the 
les~ salt, is noeded fat' precipitating the alhmnin. 

The :tuthor's theory explains also the oLseryations of Goldscbtnidt 
and others, namely, tha.t on neutralising a strongly aeid solution of acid
alhumin, a lu('alised precipitate is formed in the acid solution by the 
addition of an alkali, and that this precipitate then dissolves) to he formed 
again l'y a further addition of alkali) to redissolve, and so on; for during 
the addition of the alkali a neutral salt is formed temporarily, and 
this neut,ral salt lea.ds to tIle albumin being precipitated. A complete 
precipitation of all the acid-albumin is, however, exceedingly difficult, 
according to Wrerigo, Spiro, and Pemsel,ll as the eqnindent anlO!zuLs 
of the inorganic constituents needed for the exact neutralisation of 
all albumin with its high molecular weight are so small as to bring 
them within the margins of experimental error.12 

1 P. PanUIll, ~-irchO/r's An};.' 4.419 
2 K. Bulow. PJlilger's d. 58. 20i (1894). 
": B. ,,,prig'), ibid. 48. 12i 
~ W. Kie...eritzky, Die (I,U Faserstofs, Alkr.dialbumirwis und Acidal-

liU?n':ns. Di~~ertatiol1, Dorpat, 1882. 
1883. 

Dissertatioll. Strassburg, 18!-lB. 
l'athoZ. n. Pharrnakol. 36. :!31 (1895). 
Chem. 24. 449 

9 J. Starke, Sit;;ungsber. Gesellsch. j. u. Phy[;ial. 1897, p. 1. 
10 W. Erb. Zrif_~ch'r" f. BioI. 41.309 (1901). 
J1 K. Spiro aud W. Pem,sd, Zeitsckr.f. pllysid. (}kcm, 26. 233 {lS98). 
a .E. Salkowski, ZI'it:1Chr.f lJiol. 37_ 401 (1899). 
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'Vhat salt one uses for precipitat.ing acid-albumins does not seem 
to he ef much consequence, if one were to helieve the accounts 
generally given. Bulow has ohsen'"ed, however, differences between 
the an-ions. 

Tho conditions influencing the precipitation of the alkali-alhumilUtte:-; 
arc even less ull(lcI'stood, for the precipitation due to the audition of 
larger amounts of sodium chloride haf'l 1,0 compete with the formation 
of the 5light1r solul)\c albnminate of calcium. In this special case the 
natmc ()f the hase plays therefore a great part, hut eyen the ex
haustiH~ researches of Pauli 1 hayc not been a1)le to clear up the 
matter. Pauli slIms up his results thus: The change in the coagulation
temperatmc of alhnmins depends on the added effects of the two 
indepelldent iOll-actions, each kind of ion pnf':sessing, for Tlearly (,Yerr 

sali, it/'! ZOIlC of maXiIll!d <lction. III the case of it ~ingle s,tlt it" adion 
Oll the albumin m;l)" he ~o pronollllced within it certain zone that the 
addition of other Ralts produces no further efi'ect. Thus XaCl within 
eertaill limits is practically not affected hy the addition of any qUt1llt,itr 

of ::\'a~O;\. If rwo difl'erent acid or metallic lOllS are present it is 
impossible to predict the rmmlt on the coa~ulatiou-temperature, as 
much depends on the nature of the ions; but the result generally 
depends on the offect of one salt predominating within certain 
t'oHccntrations, and t,hell the othel' salt, if present up to a certain 
minimum, may l)e increased fiYc~ or sixfold. Sot1ium chloride 
and sudinm nitl'<ttc show two slIch phases-one for either salt, while 
the mixtures of XII .. Br and XH .. L'lor llgClz and ~aCI show only 
Olle phase. 

That nJbumin coagulates while albumoses do not, Pauli ascribes 
to the presense of Several albumose radicals in each alburnilJ molecule, 
or to It special kind of unison Letween the albumose-groups in the 
albumin; and he believes the ions of a salt. during heat coagulation 
to attach themsciycs, more or less firmly, to different parts of the albu
mose radicals. Spiro:! has found that inorganic bases (cholin, pyridin, 
aniliu, piperidin, ortho-toluidill, xylidin), and even the feehly basic 
urea, thio-ur~a and urcthan form alkali-albuminates,3 and that for this 
reason they keep denaturalised . albumin in solution. Ramsdell'S 4 

observations on urea are also very interesting. Plurivalent alcohols, 
glycerine, carbohydrates, esters, ketones, and aldehydes have a simiiar 

1 W. Pauli, 1~/Wger'8 AnYl.j. d. gu. Pl~ysWl. 78. 315 (1899). See Mann's Physio-
logical lJistolQf]'y, PI'. 60-65. 

2 K. Spil'o, Zduckr.fphysiol. ahem. 30. 182 (1900;. 
j Renllrd, JQ1ff'1l.- f{('fhysi.ol. Proceed. x-lyiii 23. (1902). 
" W. Ram~~. of Physiol. Pr:ococd. 28. 23 (1902) • 

•. ~ .. 
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action. If la.rge amounts of alcohol-salts he present, thel] an a1coholie 
.albumin solution ).yill not coagulate.! 

In prattice one does not usually attempt to coagulate alkllim' 
SOhltioIlS, l~S the calcinm-albuminates are Il()t quite insoluhle, and It:-. 
the precipitation of alkali-aUmminatcfl requires ;~ great deal of .mIt 
and is e\'en then not ('omplete. The hest plan to adopt is dwt 
suggested hy Cohnheim,:! who adds to the alhlllninous Kolutioll to he 
coagulated, firstly, sodium chloride or :4l)me other nelltral fOalt, and 
then an excess of acetic acid. If no,. salt is added, then the minute!>;t 
trace of acid in excess is sufficient to give tise to acid-aILmnin which, 
remaining in solution, is conyerted into alhllnlOSCS, if the hoiling 1)(' 
prolonged. If for any reaSon the addition of <t neutral salt is contm 
indicated, then acetic acid should l)c employed, but only in minimal 
quantities; the reaction must he just perceptibly acid, so that the r;mall 
amonnts of salt which are normally present m~y ~utlice for t}w PJ'(·· 
cipitation. But eyen a,dopting aU these precantion!:), olle enCO\lnter::. 

ahno~t ummrpassal)le difficulties ill coagulating muscle-alhllmillf; awl 
other mgan-albumins.:{ 

A nentral J'ea.ction of the fluid we wish to ('oab,-,ulate. is on I,'" pr1'
missible if the albumin has heen freed 1>y prolonged t3ialysis as 
thoroughly as possible from salts, acids, and bEes (Cohnheirn). 

Heat-coagulation is the only method we possess for separating UH 

albumin from its primary dissociation-products, and it i:-; t.herefore 
employed very frequently. For this very reason it it> essential, if we 
wish to precipitate the whole of t,he alhnmiu, and jf we do not wi.;h to 
form acid-albumins or alkali-albuminates, to keep the reaction of the 
solution as feebly acid as possihle, or to add a large ~Lmount of sidt. 
Disregard of these rules has led many observers, even up to quih~ 

recent times, into making the most serious mistakes. 

9. Coa.guJ.ation-Temperature 

If coagulation hy heat is brought about in slightly acid l'501utioJls 
or after the addition of sodium chloride and larger amounts of acetic 
acid, it is found that each albumin has its specific coagulation-tempera· 
ture. After many attempt!; had heen made to define accurately the 
coagulation~temperatures of egg-white and similar substances at the 
beginning of last century, Kuhne -I showed, in 1864, that two albumins 
are present in muscle-plasma., one of which is coagulated at a much 

I K. tipiro, HofmeiKter's iJeitJi41e, 4. 300 (1003). 
:I O. CoJmht'im, ZeitBthrJ. pjJYsiol. Uhem. 33. 45!i (1901). 
;: W."Hi8ll.\td W. Hagen, ibid. 30. 350 (1900). 
4 W. KUhne, ProtQP!aMlUt 1!1td KontrakiUWil, Leipzig, 1864. 

y 
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lower temperature than is the otber. Subsequently fractional heat
coagulation bas been chiefly employed by Fredericq 1 and Halliburwn 2 

and his pupils for the isolation and characterisation of individual 
albumins. They found the coagulation-temperature to be very con
stant, and to differ only 1 to 2~. Generally speaking, it has been 
found that the complex, tissue -forming albumins and the more 
differentiated bodies, such as fibrinogen and myosin, coagulate at a 
lower temperature than do the simple albumins and globulins. The 
coagulation-temperature of each alhumin, as far as it has been deter
mined, wilt he given wheu dealing with the indiyidual allmmins. 

If tlw. reaction he Itlkaline we are dealing with much more com 
plica ted conditions. Pauli::; finds that most salts lower the coagulation· 
temperature if they be pres~nt, in low concentrations, while they raise 
it ill higher concentr'd>tions; and further, that the ions of the salts twt, 
as is usual, collectively. No further definite facts could he ascertained 
as regards salting-out and similar processes. 

That eg<kwhite diluted 'with nine times its bulk of water does not 
coagubte was first observed in 1880 by \Yilliam Hoherts.'j 

10. The Formation of Additive Compounds 

This question is fully discussed in the author's PhY;iiulogical 
Histology, pp. 68-70. It will suffice here to point out that the two 
reagents chiefly used hy the arJ:thor were the aldehydes, '~'hich give 
rise to methylene-compounds, see this book p. 250, and secondly 
osmium tetroxide, which acts as an oxidise,.. Neither aldehydes 
nor osmium tetroxide are electrolytes, and whenever they have to 
he used for fixing the morphological appearance of cell·albumins, they 
.IInoula always be made up in DormaJ, i.t. isoton1[,' salt. solutions. 

Attention is drawn to the article by Neubauer," who. along with 
Langstein has found that all substances with a double or treble link 
between two carbon-atoms will reduce osmium tetroxide, which there
fore is a :rea.gent for unsatisfied compounds. The same conclusion 

I L. Fred~ricq, 'Co~<11llation du sang,' Bull. (i. l'AcaJbnie royale de Belgiql{e, 
2 &lr., Bti. 64. (l8i7), 7 Juli; also Ann. d.e &C. de Mklooine de Gant. (1877); 
llitard and Corin, TraV4ux du lalxlTatoiTtJ, etc.., de Frldericq 11. 171 (1887); L. Fri-dericq, 
Ze».Lralbl. f. Phpsiolog. 3. 601 (1890). 

:I W. D. Halliburt01J, .T01u~n. 0/ Pkysid. 5. ]55; 8. ]33 (l8B7); 11.4.54; R O. 
Hewlett, ibid. 13. 493 (1892).' -

3 w. Pauli., Pflager's Arck.f. d. ges. Pk.!/stiJl. 78.815 (18P9) • 
.." Wnftal!1- Ro~ Lumkian LedUretl OR DigcsUve Fermfm4 ami Artificially 

IJ(qeste4 FOOt/.{~: Smith, Elder and Co., ISBO}. -
:. Nelloouer, BfbiJer. d. lit[U!RCM)"uil' 1Ilorplwl.-physial. (;t,~. 19:31 (190B). 
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Altmann had previously aITived at in connection with the 8t<'l,lniug 
of the unsatisfied oleic aeid.1 

11 .• Spontaneous' Ooagulation of Albumins (.ee p. ~66) 

According to Cohnheim, certain albumins, for example, fibrinogen, 
casein, some cell-plasms, a.wl perhaps also parn.-myosinogen and 
myosinogen, may assume 'spontaneolL.<;ly' a peculiar state which i~ 

intermediate between the originall,v 8011111e and the ultimately 
precipiulted condition. Tbese albumins are chemically altered and 
precipita,tcd under the influence of certain ferments, hut arc then still 
relatiyely soluble, and may be precipitated still further and become 
denaturalised by such agencies as heat, formaldehyde, alcohol, and 
otber means. For thi8 second 'coagulation.' a second 'heat-coagula
tioll-tempcrature' exists, which can be determined at least for fibrin, 
and which differs from that of the original fibrinogen (see, however, 
p.378). Cohnheim thinks it is necessary, therefore, tu (JjstiIlguish, as 
Arthus:l has done recently, several distinct processes, namely:~ 

(1) Precipitation or precipitation without denu,tllralisatioll by 
means of salting out or by acidifieation. 

(2) Caseification or solidification which is induced hy ferments, as, 
for example, when rennet acts on caseinogen. 

(3) Coagulation or denatnralisation which destroys the colloidal 
character of the albumin. 

The author does not agree with Cohnheim in tbis Yiew; the 
classification of Arthm is a \-err artificial one, for under' precipita
tion I are classed the two entirely different processes of (I) rendering a 
compound. supersa.turated by the withdrawal of water as in the case 
of salting out, and (2) causing neutralisation precipitates hy the addition 
of acids. Under' caseification' we must remember that salts are 
absolutely necessary in addition to the albumins and the ferments, 
.and 'coagulation' need by no means destroy the colloidal character 
of albumins, as is well seen in the case of globulin prepared by 
Starke's method,"; namely, by diluting egg-w hitt with ten times its 
bulk of water (see p. 322), and then dialysing the solution at a 
temperature of 75¥85° C. The globulin formed by this process is 
insoluble in pure water and in neutral salt solutions, but passes into 
solution on being treated with very dilute alka.lies or wjth dilute 
.acids (?tIann).4 "Tben in solution, the globulin, fOImed out of egg-

1 Mann, Physwlogical Histology, 1902, p. 306. 
2 li. Artbl\S, Arch. de PhysiJ.l!.og££ rwrm. et pai.lwl. 1893, p. 673. 
3 .T. Stllrk~, Zeit.f. Bioi. 40. 419, 494. 
J. Mann, Physiological Histal(l!J1f, 1902, p.M. 
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alhumin, becomes onec morc <:olloidal. That no difference exi.sts 
between colIol(is and electrolytes, or, to put it ditferently, that colloids 
are electrolytes under special conditions, was first pointed out by the 
a1lthol} and also in this lJook (p. 2(8). Ramsden is further of the 
opinion that fihrin and fibrinogen have the Sll.TIle coagulation-tempera
tnn' (see p. 38:Z). 

,,,jth the exception of the neutml saltA used in the salting-out 
procesR, all agellts causing precipitation lead to denaturalisation. But 
cYen 'with the neutral tialts, accordillg to Spiro,:? a change is said. 
to occur spolltan(>ously althongh very slowly. hut this by no means 
l,cal's out the rl,l1thol"s cxpericlt(:c, for egg-alhumin crystals may be 
kept nnchanged for yrars, proyidetl the ammonium sulphate solution 
j" perfectly neutral and satura.ted; the glass ,-el'lscl lined with a 
high melting p3.!'affil!, and the aCCC6'" of .til' (,arefully pren?nted, 

.80)[& PROPERTIES or COLLOIDAL ,ALBV.\tINS 

1. Formation of Crystals" 

.\lan,v albumins are known in a crystalline state, the crystals 
occurring either naturally or having been made artificially. To the 
natur<tlly occmring crystalline albumins belong most of the phyto
globulins, which are stored either as such, or in the form of their salts 
in the seeds of plants, and also the vitellines in the eggs of fish. 
Crystalline albumins have lJecll prepared by artificial means from the 
egg-white of the hen and other birds, from the blood of tIle horse and 
the rabbit, and from the milk of the cow; crystalline globulins haye 
been obtained from the white of the hen's egg, from Bence Jones' 
albumin; 'y'hile crystalline proteids are represented by hremoglobin, 
hremocyanin, and the phyko-erythin of algre; and, finally, crystalline 
peptones by glutokyrin (see p. 200)_ -

The long-known crystallisation of hremoglobin and the preparation 
of edest.in and other phytoglobulins by Osborne does not differ 
principa.lly from other kinds of crystallisation. 

It is a different matter with the crystallisation of albumins frOID 

I Ma.nn, Phy6ioWgicai IIi$tolOffJl, pp. 4.5, etc. 
:/; K. Spiro. 1l~'8 Beitrfige, 4. ~OO (1903). 
:~ F. N. gUm,., Die Kristaliisation von EiweissstQjfe:n, Jella., G. l!'isher (1901), gin':; 

a goou re\'ie~ of the lit.el'ature dealing with albull,ju cry~tah. • 
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half-saturated ammonium-sulphate solutions according to the lllethod 
In\'cntefl by Hofmeistet,l and improved hy Hopkins anO rinkus.2 

Hopkins' most recellt instructions <I fo!' the prepaflttion of cryst.(tllillc 
egg-aJbmnin are as follows :-

Procure newly-laid eggs and collect the egg-white. Measure, it 
etrefully, and :v1d exactly the same amount of n. satnr:Lteu ammoninm
,r..llJpbaie solution. Beat the t\YQ together til] the ·whole mass forms 
:. Rt.itf froth, ,.Hd let it stand overnight. 

Filter off the precipitated globulins and mllcoids, amI to the c!ea,r 
liltmtc add ycry gmdua\]y, UlJ(ier COllbtant o;tirring, It $.olntion of 10 
per {'ent glacinJ ncede acid till a slightly milky perma.nent precipjtate 
is formed. To litmus paper the mixture by this time will 1)c slightly 
acid. Now add to each 100 ccm. of this milky mixture I ccm. of 
the 10 per cent glacial acetic acid, when a hulky amorphous pre
cipitnte is formed, which 1n the COllrse of fh-e hOllT's hecomes crystalhne, 
'fa obt~~iIl the full yield of crrstaJs (at least 60 grms. per litre) let the 
mixture stand till next day. 

Pnre cr.\ stab are ohtaincd thus :-Filtcr off the precipitate, and 
waAh it in tbre('; change", of hal£-!'!at,urat€'d solution of I\rnmoninm 
sulphate containing 1 per 100!} of glacial M:ctic lwid, T )isso]ve the 
crystals in a minimal quant.ity of water; add very slowly, stirring 
gentl.Y pJJ the while, a saturated solution of :.~rnmonillm sulphate till 
It distinct precipit;tte is formed~; then add., in additioll, for each litre of 
the solution, 2 cem. of satur;1ted ammonium-sulphate solution. As a 
nlle, the albumin will have recrystallised in twenty-four hours. Should 
the crystals, however, not fonn readily, agitate the vtlssel containing 
the solution gently, hut do not shake Yiolently) as mechanical coaf,ru.la
tion is apt to occur. 

To remove the ammonium sulphate, wash the crystals repeatedly 
with a completely saturated solution of pure sodium chloride c(Jntain~ 
ing 1 per cent acetic acid. 

Krjeger 4 recommends: for the preparation of serum-albumin crystals 
,,"ulphuric acid saturnted with ammonium sulphate instead (Jf acetic acid. 

These methods for preparing albumin crystals have been used 
extensively during the last few year., for the preparation of albumim, 
for h~mocyanin/' hrernoglobin/' and phyco·erytbjn.'l 

1 F. Hofllleister, Zeitschl'.j. Ph,y",i.ol. ()}um. 14. 16a (1S89); 16.187 (1891). 
2 F. G. Hopkins and S. W. Pillku~, .1MI/"II. of Physiol. 23. 130 (1898). 
'] Hopkul5, ibid. 25. 306 (1900). 
~ H. T. Krieger, Kristallinisehe Ei1l'eissstojf'e, WJd, iJissertatilJ)1, Stras~lJllrg, 1899 • 
• 'i M. Henze, ZeitscM./Ur physim, ehemie, 33. 370 (1901) . 
• 1 F. N. Schulz, i~i(l. 24, 449 (1898). 
7 MoEsch, Botat~ikerzeit!U1g, 1894. p. 177; 1895, p, 131. 
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Schulz has drawn attention to the fact that this kind of crystal
lisation differs essentially from other forms of crystallisations, inas
much as it depewls on the principle of salting-out, and Spiro 1 has 
pointed out that the mixture of albllmin, salt, and ·water, which at 
first is fluid, becomes crystalline only secondarily. -For these reasons 
the crystals; enclose ahmys large amounts of the mother-liquor. To') 
obtain salt-free albumin) the crystals are first dissolved and the 
alhuminous solution is then diI11,rsed, hut colloidal impurities c:tnltot 
be got rid of by this mmlls. 

Schu17; and Zsigmond,v;: have shown that to remove colloidal 
contaminations recry~tallisation from three to six times is required 
(see p. 3:;3). Crystals prepared in this way must be carefuIly pro~ 
tected, as othenvls(' they mity ahsorb again impnrities, for 'Yichmann 
has shown that crystals imhihe "like a sponge" all sorts of substances 
from solutions. That this I~bsorption is not n. purely mechanical 
process fLS he1(l by "~ichIllil1ln,:1 but a chemical process of the nature of 
f'lfLlt·formation, has been pointed out by the author," who found that 
albumin-crystals prepared by the method of Hopkins react promptly 
with the Mylins-Ehrlich test for determining the presence of hases, 
quite ap<1rt from the fact that the amino-nature of albumin allows the 
latter, according to circumstances, to play the part of an acid or a 
base. 

However important the crystallisation of albumins is for the con
ception that alhumins are uniform, chemical individuals, we must 
neyer forget that albumins require a very thorough purification b~' 

means of repeated crystallisation. The objection th<tt recrystaHisation 
produces alterations is not valid, according to Schulz, and Schulz and 
Zsigmondy. 

Krieger first suggested and 11arner·; hus proved that albumin· 
crystals are not free albumin, but either an acetate (Hopkins' method) 
or a SUlphate (Krieger's method). 

Albumin-erystals appear at first in very va.rying forms, such as 
needles, p1'ltelet$, tables, etc., and Gurber v was therefore of the 
opinion that at least three distinct fractions were present in seruru~ 
a.lbumin. Krieger has shown, however, that the individual shapes of 
8eTum~alb'J.min~crystals show all stages of transition, and 'Vichmann -; 

I X. Spiro, HllmeMtrr'.'I.8ritriige, 4. 300 (1908). 
2 F. N. Schulz and R. ~Sigm()lIdy, ibid. 8. 137 (1902), 
3 A. Wichmann, Zdtschr. f. phYfrC(ll. ('Mm. 27. 575 (1899). 
4 M&lln, Ph.llsio1ogical Hiitology, 1902. ]}}). 214, 289. 
5 K. A. R.,¥urner, Zeitschr.J: physi<Jl. Clwm. 34. 207 (1901). 
Ii .A:'~ijf:rl~f/~ltzlm{lskr. d. W~rger PhlIS.-'ltIcd. OM. 1894, p. 143. 
7 A. Wicnntann, ZeiUdhr,j. phYlfliol. ahem. 27. 575 (1899). 
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has proved hy \rery careful work that all albumin-crystals are crystaUo
graphically identical or at least iSOl.uorphic. They probably belong ttl 

the hexagonalaystem, and are, more or less, positively doubly-refractiIf'. 
Egg~albumiu yields principally six~sided columns, 0'1 to 0'15 mm. 
long and 0'003 to 0'021 mm. thick, while serum-albumin and 
milk-albumin ~how different combinations of proto-prisms and proto· 
pyramids. In this form the crystals remain soluble for a vcry long 
time, hut ultimately they become denaturalised; the crystnJs, as 
"\Vichmann puts it, change froIn the monotropic a-modification into 
the enantiotropic j3-modification j they are changed into pseudo
morphoses and lose simultaneously their optic properties. On being 
heated in half.saturated or even stronger ammonium-sulphate solution 
they hecome coagulated, a.nd are again changed into pseudo-morphoses, 
\Vhen quite dry they may be heated to 150'" without undergoing 
decomposition, The hremoglobjn cryst.1.1s are descrihed under hremo~ 
globin. 

2. Composition, MolecuJa.r Weight, Heat of Combustion, 
and Rotatory Power 

Albumins are not readily analysed, because their comblLStion is not 
easily carried out owing to the presence of sulphur and of ash. A 
further difficulty is one which has already been pointed out in 
connection with the quantitative determination of the dissociation~ 

products,"namely, the difficulty of obtaining uniformly pure materi&.l 
for purposes of analysis, According to Michel,i serum-alhumin, which 
we may regard as a typical simple albumin, possesses the following 
percentage composition :-

C 53'08 lJer cent. 
H 7'10 
N 15'93 
S 1'90 
0 21'99 

It is remarkable how little other albumins differ in their percentage 
composition from serum~albumin, notwithstanding the fact that they 
are built up of amino-acids differing so greatly from one another both 
qualitatively and quantitatively. 

The carbon percentage rises in casein and histone to 54 and 54'97, 
and may fall in other albumins as low as 52; the 'nitrogen percentage 
rises in histone to over 18 and in the phyto.vitellines to over 19, while 

1 MichEll, lVijT%bu'1"!1m" Phys • ..!fMd, Ges. N.F. 29. 117 (1895). 
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in egg-J1llmhlin) which is perhaps not a simple albumin, it falls to 15. 
l'roteids, which contaiu, besides alhumin, other groups with varying 
eonstitutions, differ of course more widely, as do also the protamins and 
many allnuninoids. The 8ulphur percentage differs mor(l greatly, as 
in keratin it rises to 4 and even 5 per cent, while in cert.1.in albumins 
rieh in rmlphlll' it amounts to 2 per cent, but it falls to 0'4 per cent in 
IHcmoglobin. 

The molecubr formula, calculated from the percentage composition, 
must be at least doubled in the case of serum-albumin, as the htter is 
split Hp by peptic digestion into at least two sulphnr-collffiining 
portion,,;; at' tlJe sulphur-containing diRsociation-product is apparelJtly 
~ystin, which contains two molecules of sulphur, it would appe<tr th}~t 

t,he formnhL given ahove has to be quadrupled. llofmeister 1 assume:'; 
{'veil a formula with six atoms of sulphur, which he bases on bis 
{'xperiments on iodisa,tion : 

C4:.oH ,ioN llt;S()014{1" 

This 'would ('orresponJ. to a molecular weight of 10,166. For 
egg-:dburnin he calculates in a similar manner a molecular weight of 
;'):)78. The molecular ,,,eight of bremoglobin may be determined by 
two entirely ditierent methods, which is all the more important 
heCRuse htemoglobin mlty ue prepa.red as an undoubtedly pure, uniform 
material, for it crystallises with grent ease. In the first instance it is 
possihle to calculate from the percentage ratio of the iron and su]p111lr 
the least molecnlar weight. In this way in :Bunge's laboratory, 
Zillnofsky ~ has calculated for horse's blood, .T ~~(juet 3 for dog's hlood, 
and sllhsequently Hufner and Jaquet" for ox~blood, the least molecular 
weight as 16,669. From this weight Jaquet calculates for dog)g 
blood the fonnula: 

C7f,()H1203Nhl.~021SFeS3· 

The se~ond method of calculating t,he molecular weight depends 
Oil the power hll'moglohin has for binding oxygen and carbon-dioxide. 
H ufner" finds, as 1 mO}(lCule of hremoglobin binds 1 molecule of CO2, 

that he obtains the same molecular weight, immateriBI whether he 
determines it by the CO2 absorbing power of the hremoglobin or by 
the percentage number of the iron present in the hremoglobin. The 

1 Fr. Hofmeister, Zeiuchr.j.physiul. C/oem.24. 159 (1827); D. Run.jeff, ibid. 26. 
462 (1898;. < 

2 0, ZinnQ[skt, i/itfil. 10. 16 (1885). ~ 

3 A. J1Iflllet;· t'$id. 14. 289 (18g9)~ 
~ G. Hilfner, Arch.J. (Anof. tI.)PhyffWl. 1894. p. 130. 

,"" ' 
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molecular weight of globin, i.e. the albumin-radical of hl\\moglo1ill, ma,"· 
of course be very much less, as we ~lo not know whether the coloUl'
radical, the hrematiu, is joined up with one 01' wit.h several molecules 
of globin. Hut the ratios of the dissociation-products to one anuther 
and the equivalent weights according to Grubler,l Laquenr and 
,sacklll',2 Harnack,s and ":"'erigo,~ also yield a molectdar weight (If 

5000-8000, and even more. 
The direct methods of determining molecul.tr weight we cannot 

make nse of, f1.,S raising of the boiling-point leads to heat-eoagulatioll. 
The lowering of the freezing-point method has yielded in the hands of 
Babanaj!'lw and Alexanurow," for egg,al1mmin tlH~ molecular weight. of 
14,270. Here again thc Itdmixture of inorganic SlL)ts, which is quite 
unavoidable, makes itself felt very badly; taking into consideration 
the high molecular ,yeight and the slight solubility of alburniJls j 

the figures which have been obtained have never heen h~her than 
could he accounted for hy the presence of thr inorganic salts alone. 
Starling'~ r. attempt of estimating directly the osmotic pressure of 
a,lhmninow sohnions is a1:;0 bound np with too ma.ny experi
mentaJ errors. There can, hov"cver, be no douht that the colloidal 
albumins possess an extraordinarily high molecular weight, and CVt'll 

the aibullloses, jUdging by their sulphur-content, possess at least <L 

moleenlar weight of :WOO, while that of glnto-kyrin, a l'cpton~, is at 
least ,,)45. 

The heat of comhustion has heen determined for a numher of 
.albumins by Stohmann a.nd Langbein.' They found amongst oth{'rs 
for 1 t,-rrm. serum-albumin, ,15917'8 cal. j for hrernoglobin, 5885'1 cal. : 
for egg-albumin, 5735'2 cal.; for casein, 5867 cal.; and for glutin, 
500 to 700 cal. less. 

The true albumins, the alhumoses, and the peptones are in watery 
solutions lrevo-rotatory, each albumin pos$e,~sing its own rotatory power, 
and therefore Fredericq,8 Kuhne,9 and others have made the attempt to 
make use of the rotatory power for the charactorisNtion of the in-

1 G. Gruhler, C'liem. [2J 23. 97 {ISS]). 
:l E. Laqneur autI O. llo(uuuder's lJriMiyr, 3. 193 (1902), 
S E. Harnack, Zeit/;chr. J: pllysiol. ChRm. 5. 178 (1881). 
4 B. Werigo, Pflilgrr's Arch.f. d. yes. Phy,~. 48. 1'27 (1891). 
,"i A. &.banajew and ~. Alexandrow, Jogrn. (if tJu Rl1s.~i{tn Ph!}Ii .. (1tPiJ!, ,'{ociet.l}, 

]891, p. 7 ; see JJrrly'.~ Jaht'caber, f. Tierdl.C),~ie, 21. 11 (1891). 
6 E. H. StarlUlg, 'Glomerular Function.' JO'IJ1'lt, oj Pky.,·lol. 24. 257 (J8ll9). 
i F. Stohma.Dli aDd H. Langbein, hunt, j. prakl. (Jkerrt. (2] 44. 336 (1891). 
t! L. Fredericq, Arch.. de IHol. 1. 457 (1880); II. p. 879 (1881). 
9 W. Kuhne and R. H. ("""hittenden, Zeii.f1dlr, f. Biul, 20. 11 (1884,. 
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dividual albumins. The albumins possess, however, the same property 
as uo the amino-acid$, namely, that of rotating the light to a different 
extent according as whether they are free or in salt-like combination; 
and a fmtber djfliculty is that the salts of the albumins undergo 
hydrolytic dissociation, and therefore show different rotations according 
t.o the concentration of the solution and the nature of the acid or 
basic radical with which they arc combined_l As albumins cannot be 
investigated in strong arids or in alkalies because of their decomposi
tion, only those numbers are available which haye been obtained 
with really pure albumins. in perfectly neutral eolutions, and such 
determinations are few. 

Some proteids, e.g. hf\:'ffioglobin and the nucleo-proteids, are dextro
rotatory, as has been discovered by Gamgee, ~ who also points out 
various peculiarities of hWDlOglobin . 

• 
3. Osmotic Pressure 

The question of osmotic pressure has been discussed in a yery 
interesting way by Moore and Parker,3 who find that a definite osmotic 
pressure is exerted by colloids in solution. They point out that the 
albumiIl-molecule may be considered as built up of a number of 
smaller~ molecules, each of whieh has a comparatively simple structure. 
These chemically simple molecules, by aggregatipg, form the physically
complex albumin-molecule, which the authors prefer to call a 'solution
a,ggregate.' The rise of these aggregates varies within 'wide limits 
according to the temperature and chemical reaction of the solution, and 
as to whether electrolytes are present or absent. The weight of the 
solution-aggregate is from four to five times greater in serum-albumin 
than ill egg~alhllmin. In the case of serum - albumin it becomes
reduced approximately to one-fifth its va.lue by alkalisation. " Pro
toplasm may be built up by a continuation of such a process of 
aggregatio~; absorption of materials by the cen may be governed 
by the formation of varying aggregations with the protoplasm 
already built up in the eell, and similarly granule formation in the 
cell may be produced.' 

Moore and Parker have discussed the investigations of Sebanejew,4 

1 K.. Bulow, l'}luger's Arch. /. d. g!!s. Phy~. 68. 207 (1894.); F. Framm, ibid. 68. 
lH (1897). 

2 A. Gamgt'e awl, Ul'oft Hill, Ber. d. deutsch. che-nl. Ges. 86. I. 913 (1903) i 
A. Gatngee ~~ ~ .. ~ ibid, 36. T. 9J.J (lOOS). 

3 B. Moore&dt'l w. H. Pa.rlcer. A'lMV'. JOU'l"n. of PAynol. 7. 261 (1902). 
'" Seban~ew, &r. d. dt:tdsck. cMtn. Ges. 28. 87 (1890); 24. 558 (1891). 

,~' 
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Tamma.n,l Ludeking,2 Dreser,3 Koeppe,'" Krn.fl't and Wiglow,:' Btarling,1l 
Martin,' and ,;reymouth Reid.s 

In a mote recent paper \Veymouth Reid fJ has come to the con
clusion that by waahing ~alted-out or crystallised albumins, solutions 
are obtaitlCd giving no osmotic preSSlt1'6. The same conclusion the 
author 1~rrinld at previously in his Ph/Miologic,al liistolfJ[I.'1, in which he 
gave the reasons why salt-free albumins cannot exert any osmotjc prb,' 

sure, for albumins in their Batural state are chemically inert, as th~y do 
not even react with aniline dyes. They are, in short, in tbe pseudo-acid 
pseudo-basic state, formil!-g ring-compollnds (see tbis hook, p. 219). If 
albumins contain any radical which leads to their dissociation, which 
makes them chemically active, they do possess 1" definite osmotic 
pressure, as is instanced by hremoglobin solutions, which '''~eyruouth 

Reid 10 liaS fonnd to show no II ultra-microscopic" structure, and thuS' to 
differ from serum and egg-albumin, a.nd also to exert:l pressure: Taking 
the moleculu.r weight of hremoglobin as 16,669 (see p. 32R), ~ one per 
cent soilltion, assuming that no dissociation occurs, gives a pressure 
of about 10'7i mm. of mercury at 15() C. 

4. Precipitine Reactions 

Bordet,ll \Vassennann,12 Mycrs,13 and others have founel that 
albumins on being introduced into the blood give rist1 to specific 
precipitates as do other colloids, and Ascoli,H Umher,l!i ~IichaeHs and 
Oppenheimer,I!1 Schiitze,li Hamburger,IS v. Dungern,l!) and others have 

I 'l'amman, Clu';m.20. ] 80 (1896). 
)) Ludeking, Ann. u. ('7u~!/I. 35. 552 (I888). 
~ Dreoor, Arch.f. i'athol. H. Phariliak. 29. 314 (1892), 
4 Koepp'), Pfluger's 42. 571 
;; F. Kraft and H. Wiglow, Ber. d. dmn. (fes. 28. 2566 0895). 
6 Stal'ling, Bcirnrt i''J''¥f!'us, Aprj] 1896; J{m~)I: ctf Ph.1fs£Ol. 19. 312 (1896); ibid. 

24. 317 (1899); Schiiftr's Tp~etbovk oj l'lt.']"i;,!. 1. 307. 
7 Martin, Journ. 0/ Ph!/swl. 20. 317 (1896); p.364. 
~ Weymouth Reill, ibid. 27. 161 (1901). 
9 E. Weymouth Reid, ihid. 31. 438 (1904). 
IQ Idem, ibid. 33. 12 (1905). 
n Bordet, Ann. de till-slitu.t ]>askir;r, 1899, p. 232. 
l~ Wassermann, K(HlfJl'es.~ f. inn-crt Medildn, 1900, 1), 501; ~l{i)_nchener medizin. 

WtlchenschT. 190{), II. p. 986. 
I:; W. Myers, Zentralbl. f. Bakten'-ol. 28. 23i (1900). 
14 M. Asr.(.lli, Miinche1U'l' m.edizin. lVodu1l-schr. 1902, L p. 398; 1903, Nt'. 5. 
a F. Umbel', kline!' }din. WochensGltr. 1902, Nr. 28. 
16 L. Michaelis and C. Opptnheimel', A't'ch. /. (Anal. 11.:) PhylIiol. 1902, Slip?!' 

p. 336 (here allJO the older literature); L. ].!ichaelis, Deutsche medizin. JI'{)c]U)JscJlJ'. 
1902, Nr. 41. 17 A. Schiitze, ibid. 1903, Nr. 45. 

18 F. Ha.mburger, Wiener klin. Wochenschr. 1901, Nr. 49; 1902, Nt'. 45. 
J9 E. r. DtlDgern, Die Antildirpel', Jena., Fi~cber. 1002. 
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made t.he attempt to employ specific reactions for the separation and 
identification of definite a.lhumiu(;. But this specific reaction is a very 
limited one according to XOlf,l 1:mher,2 Rostoski,'l Schiitze," Michaelis 
iLnd Oppenheimer,~ Oberma:rer and Pick/ Hanlburger,i Landsteiner 
;md Ca11'o/' Linossier and Lemoine,o Kluck and Inada.l{I 

It is faid." well marked in the case of the albumins of different 
aniuw.1s, auf! therefore it is possible to distinguish between the serum
alhumins of man, ox, and mhbit by means of the < biological re
aet,ion: Close1.1_- rda.tC'd anima]s show much less reaction, and there
fore it is ea~y to show that monkeys are re1ated to us (~uttall)_ll 

After Fmher had imIDunised rabbits against egg-alhumin and egg
glohulin, both these substances were precipitat,ed hy the anti-globulill
SeI1lnl) while the a,n6-alhumill-scrnm faileu to precipitate any alhumhl ; 
Ito:-;toski failed to distinf,'1lish with certainty l,etwecn the seruDl- and 
1 he egg-albumin of hens' eggs. 'lrIlether the discrepancy is due t{) :L 

multiplicity of IJ1'eclpitins, as Asro]i belit'vC's in Rllpport of Ehrlich's 
"iew, or whet,her the reaction is not due to albuminous substances 
at all, lnlt to bodies of unknown constitntion, as held by Obermayer 
,md Pick, is :l.S yet a moot point, [{ud therefore the precipitin-r<~a{'tioll 

i."i as yet of hut subordinate interest as far as the chemistry of the 
albmuin-molcculc is concerned. It is remarkable that, according .tu 
Opl'ellheimer and .:\Iichaelis, the precipitin-formation ceases during 
either tryptic- or pept,ic-dige.stion simnltaneously with 1.he dis.:'lppear
ance of the last trace of colloidal albumin. 

Hunter 12 has recently yery carefully reinvestigated this whole 
(Iucstion. and the rettder's attention is specially drawn to his article. 
Bunten' state:; tbat 'albumin, euglobulin, and pseudo-globulin of ox
serum are each capable of leading to the formation of precipitins, and 
that these pl'ccipitins a.re in~ a limited degree specific. The precipi
tins are mixtures of at least four distinct antibodies) of whicb 

\ Xolf. ~Lnudes de l'hut. Pastellr, 1900, p. 297. 
~ F. umher, BrrlinCJ' klill. Wui'henst"hr. 1902, :Sr. 28. 
:1 RQ»toski. Jiil,",c!u!ner 1/U;JJzin. Woclwn.schr. 1902, p. i40: and red,audi. d.)Jn:lsik. 

wed. G.'s. W,irzblu-y, 35. (1902). 
4 A. Sc.hutze. Deutsche m.e.(lizilt. W(J('ltt"fl,~chl". 190a, Nr, 45. 
[1 L, Michat'liH <Llld C. Oppenheilller, Ai"ch. /. (.'hud. 1902, SI1PPl. 

p. 3:~ti (here also the oItter literature'; L. ~Iichaelis, WoChCfisch,. 

1902. Nr. 41. 
G Ohermaypr and Pick. Wiener kiifl. Rum.lschau, 1902, Nr. ]5, 
;- F. Hamburger, Wi('lter /din. WO(ht'usdlt'. 1901, Nr. 49; 1902, Nr. 4!i. 
~ Lambteine.r nntl Calvo, Centralbl./. lJacferiol. ]902, p. 781. 
\1 Lillossier rout.! Lemoio,l\. Compt. Rend. d~ (a Soc. de Bior. 54. Nos. 3, 9, la, II (l902). 
,0 H. Klnck u4 .It:,_fdit.da, [J~tfsch. Arch. 1'. !din . .v",I. 81. 410 (1904). 
11 N\1ttall, Blood Im.1l11mity ltnd RelatitYnship (Cambridge, 1904). 
12 A. Hllllter;Journ. Iff Pkysiol. 32. 327 {1905). 

" .. ' 
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alhumin yields only one, while euglohulin and pseudo-glohulin yield 
three each. The serum of animals which have heen injected does not 
dc\yclop its full precipitating power till fiyc d:trs after the llljoctiotl 
(Nuttall, Hunter), and the amount of precipitin in the serum Ii') always 
in inverse ratio to the number of lencocyte!;. It. is suggestell that 
the lHecipitins are formed in the leucocyte::;, alld Kra\l~ a,nd J,cvalHti 1 

arc likewise of the opinion that lencoc,rtcs gi..-e rise to the prccipitinK 
::\1_eyer Z has found that extracts from mUInmr~muscles, :2000-:1000 

yearE> old, gave distinct prl'cipitatcs with the serum of rabbits, which 
had been injpcted with fluid from human pleural transudation,.;, 
placental blood, or <Lscitic ft1\id, while no preripitates were formed ill 
the control experiments. 

"Merkel:> found that rabbits ·which had been injected with huma.n 
hlood, OIl becoming pregnant, passed on thp precipitin:;; to their 
offspring, and that therefore the young rabhits react.ed ill the fiam(~ 

·way as did their mothers. 

5. The Gold Number of Albumins 

Zsjgmondy haying found that a rolloidal gold-solution is precipi
tated by electrolytes, e.g. by Nael, but that this precipitation i:-; 
influenced by the presence of other colloids in a manner which is 
(luite characteri~tic for each conoid, this question was more fully 
i~vestjgated hy Schulz and Zsigmondy." . 

They designated that numher of milligrammes of a colloid which 
is juat immfficient to prevent 10 cem. of a colloidal gold-solution from 
showing ~t change ill colour, after the addition of 1 cern. of a 10 per 
cent NaCl solution, the gold number of the colloid in questioll< 
Schulz and Zsigmondy have determined these gold numhers for tht·, 
alhumins of egg-white;-

Globulin 
Ovomucoid 
Crystalline egg-albumin 
Other (can-)albumin 
Alkali-a.lbuminate 

O·02~O·OfJ_ 

0'04-0'0"_ 
2-8. 
O·O;}-O·05. 

0-006-0'04. 

The great difference between the crystalline egg-albumin and the 
other colloids of egg--white makes it possible to recognise very minute 
traces of impurity in the egg-albumin with greater precision than hy 
any other method_ This method has shown that egg-albumin must he 

1 Kl'1\l1$ alJd Lev-aditi, (Jumpt. RellA:!. 138. 865 (19M). 
2 J_ Meyer, ~tfii1/,dtfJIte;r med. JrodteJ/9dt. 1904, p. 668. 
;J H. MerkeL, ibid. 51. No. B (1904) . 
..j F. N. ScllUlz amI R. Zsigmolldy, H'lfmei,${er's ikitr<b}t', 3. 1.'l7 (1 %2)_ 
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recrystallised three to six times to remove all impurities. If albuminous 
substances arc denaturalised by means of alkali, then all previously 
existing differences disappear; all alkali-albuminates have the same low 
gold numher. 

6. Power of forming Emulsions 
Owing to their colloidal 1 nature, albumins possess the power of 

keeping insoluhle substances in solution. In this way lecithin and 
calcium.soaps are kept in solution in serum and calcium-phosphate in 
milk. According to Paal,2 albuminates have further the power of 
dissolving metallic oxides. In this connection may also be mentioned 
the older observations of Schadee yall del' Does,S who described how 
solutions of egg- and serum-albumin may be rendered uncoagulable 
hy being shaken up with freshly prepared metallic silver in tille sub
division, or freshly prepared or not too old silyer oxide. The author 4 

explains this fa,ct by assuming the silver oxide to act similarly to 
osmium tetroxide, :lofter the addition of which egg-albumin does not 
coagulate on heating (Bethe and .Monckeberg).''' In the case of 
osmium, the OS04 is probably changed into OS(OH)41 'which replaces 
the displaceable hydrogen-atoms of the albumin-molecule. The author 
arrived at his intorpret..'1.tion by assuming that during heat-coagula.tion 
a potential hydrogen-ion is liberated, and tllat this H-atom in' the 
albumin-molecule is oxiJised by 0804' That such a replaceaule 
H -.atom really does exjst has been shown since by the researches of 
Heffter tl (see p. 97). The author's explanation is thus a chemical one, 
and shows that the $olution of metallic oxides does not depend on the 
, colloidal' natw'e of alhumins as defined by Cohnheitn. 

I t is quite ditferent, however, with mixtures of two or more 
colloids; for one coHoid being impermeable to and by a.nother colloid 
it is easy to understand why albumins and alhUlnoses remain in 
solution in albuminou'iI fluids, although they are insoluble in non
albuminous fluids, for each colloid interferes mechanically with the 
precipitation pf the other colloid (Mann). This very property makes 
it so difficult to isolate the albumin!;. We must, however, always keep 
in mind the !act that both salts and nther radicals of the chemi
cally actiyo albumins playa part in this process. Related to these 
phenomena is, further, the power possessed by casein and other 

1 • Conoidal' includes definite chemical action, as explained on pp. 259 Ilnd 268. 
2 C. l'a.al, Ber. d. deutsrJt. chm. GM. 36. II. 2206 (1902). 
11 S. v. d. Does. Zt.itsclw. f. PkysWl. Chem. 24. 351 (1897). 
, MlUl1I:, PMl~ Histology, 1902, p. 67. 
~ Bethe an4 ~~g, Arch.. f. mikr", A nat. 54. 135 (18~9). 
~ A. Hclfte:r\mtfMa.x Hausmann, HO~irlter'8 BeiJ,rage, 6. 213 0-904). 



OTHER PHYSICAL PROPERTIES OF ALBUAfiNS 335 

atbumins of forming permanent emulsions with finely divided fat
droplets: on precipit.1.ting the casein the whole of the emulsified fat 
also separates out. An explanation of the formation of the haptogcll
mehllJranes has been given by Jamison and Hertz, who worked under 
Ramsdell. l They sbowed that the film or skin on milk is not peculi.'1,[' 
to caseinogen Or lactalbumin, as similar films are produced on warming 
any alLuminoUll solution containing emulsified fat or paraffin. In the 
case of non-coagulahle albumins at any temperature, and in the ell,se of 
heat-coagulaule albumins at a temperature bencltth that of heat
coagulation) the film is prohahly formed of unchanged dry alhumin. 
If a coagulable albumin is coagulated by heat, then the film is com
posed, at any rate partly, of coagulated albumin. Drying is therefore 
one essential condition for the formation of a film, which latter, 
in aUdition to dried albumin, contains also, entangled in the film, 
globules of fat or of paraffin. 

7. Power of clarifying Solutions 

The very opposite of the phenomena descrihed in the previous 
pa,ragraph is the following one:-"~hen albuminous suhstances arc 
either precipitated, or when they otherwise corne into contact with 
substances which are in solution along with themselves, they carry these 
other substances down with them by enclosing them, or condeusing them 
on their own surfaces hy surface attraction. To this special power 
used to be auributed the precipitation of ferments, hilt tTacohy!! has 
shown that ferments, as regards precipitation, are subject to the Ramo 
conditions as are albumins, and that surface attraction only comes into 
play when ferments are precipitated on fibrin. The dye~stuffs, sahs, 
etc., which albumin-crystals imbihe, according to "\Vichmann,3 "like a 
sponge," are certainly held by chemical forces (Manu);4 and the same 
holds good for the ash constituents (Kossel 5 and Harnack {i), which, so 
far, it has been impossible to completely remove from albumin. Even 
the most "ash-free" albumin of Hofmeister 7 contained traces of 
inorganic constituents, and it is nothing uncommon for pure albumin 
to contain 0'5-1 per cent of Mh. Compare also the vielvs of Ramsden 
on mechanical conglutination, p. 274. 

1 R. Jamison and A. F. Hertz, Journal of PhYfJiol. 27. 26 (1901). 
11 M. Jacoby, Zeitsrkr. f. physiol. eM/n. 30. 135 (1900); Arch. Jilr experiment. 

path. u. PhI1:rrrur,k. 46. 28 (1901). 
3 A. Wichmann, Zeitsckr. f. physiol. (]hem. 27. 95 (1899) • 
.a. Manll, PkysWlcgical Histology. 1902, pp. 289, etc. 
Ii A. Kosse!. ZeitsMr. /. physid. Lllem. 3. 58 (1879). 
S E. Harnack, ibid. 19. 299 (1894). 
7 F. Hofmeister, wid. 16. 187 (1891). 
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I)ISSOCIATIO:'» OF A.LBU)Il~ nr ::\fEA::\:-:; OF ACID::; Axn ALKALIES 

Acid-AlbumillS alld Alkali-Albumillates 

The dissociation of albumin by means of alkalies and acids is 
closely related to coagulation, as the albumin is changed primaril,v 
into an alkaJi-alhumiJtate Or into an acid-albumin, bnt sooner or hter 
there are also formed albumoses and peptones. Gold~chmidt, 1 ZUIlZ,:: 

and others ha"e taken the possibility into consideration, that the acid
albumin-moiety corresponds ollly to OIlC part of the albumin-molecule, 
and that during its formation the albumose-complexes are separated 
off. This YleW is, however, not supported by the fact that the whole 
of thp, albumin is cOilYerted into acid-albumin on beillg lJOiied for a 
short timp with acids (Erh ,'1); a second objection is that the ratio of 
acid-albumin to albumose v;:tries greatly. Acid-albumin is, without 
doubt, the primary transformation-product of the entire albumin
molecllle, while the other products are only formed ~econdarily, after 
the lapse of more or less time. 

As already stated on p, 148, so here again we lUt'et with a differ
ence between the readily dissociable hem i-group and the resistant 
anti-group, and we find that acid-albumin is identical with the anti
albumi(l coagulum, with plastein, etc. The acid-albumin of the whole 
albumin-molecule, and the acid-alhumin prepared from the anti~group, 
agree with one another in every particular as regards such external 
characters ar:; solubility and precipitability, although they differ from 
one another in their chemical configuration. 

Acid-albtlmin is formed instantly, \vhenever a solution of an 
albumin is heated to its coagulation~temperatnre in the presence of 
el'en the minutest trace of an acid. At room-temperature or at body· 
temperature thls change requires, however, much more time, and also 
a much more concentrated acid; in this respect different albumins 
behave very ~ifrerently: sernm-albumin has been investigated by 
Johanl1sson ; 4 serum· and egg-~lbumin by Goldschmidt; the muscle~ 
albumins h;v Kiibne," and by v. Fiirth.6 - The myogen of v, ~Fiirth is 
so readily converted into acid~albumin-by one drop of a T\r nonnal 

1 F. O(}ld~chmidt, &itl're1~ utul Eiweiss, Dissertation, Strassbur_g, 1898. 
~ K Z!lllZ, Zrilsf'};r. j, phYlSiof. ChErn. 28. 132 (1899). 
3 W. Erb. Zeitsc/u·. f. Bid. 41. 309 (1901)., 
4 J. E. Johannssou, Zeitsd.r. j. physiol. r:JM"!'. 9, 310 (l885). 
6 W. Ktihne., l'1'Qt!~)lasm.a !/nd KfYfI$1'akiiliWU" Leipzig, 1864. 
e O. v. Ftirth., ii~.j. u:periment. Pfillhol. u. Pharmakvl. 36, 231 (1895). 
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HOI in a few minutes-that its coa.gulation by hO<'l.t il'; not an easy 
matter. This acid-albumin prepared from muscle ha.s 1'ecei\"oll the 
special name' syntonin,' but by some workers the term syntonill is 
also nsed, without exception, for all acid-alhumins. Egg-alhumin is 
much more difficult to convert into acid-alhumin than is muscle
albumin, and yet, according to Goldschmidtj { -~ nonna! HCI will form 
in one hour n. demonstrable amount of acid-albumin, and cycn a 
weaker acid may perhaps do so. ~erum-albumill is stilI more resista.nt 
to the action of acids: 0-2;' per cent' HOI and 2 per cent acetic acid 
hl,ve no action whatever at room-temperature, while at 40° acid
aIbnmin is formed to a slight extent in 14 days; even 2 per cent HCr 
eonverts serum-albumin only very slowly at room-temperature. In all 
these experiments we have to remember, as was pointed out by Danilew
sky,:! that native alhumin is a base, and that in neutralising a part of 
the acid it makes the la.tter to that extent ineffective. Many of 
the differences which ha.ve heen described as existing between certain 
albumins and certain streflgths of acid may be explained in this way. 

The transformation of albumin into acid-albumin is enormously 
hastened, especiaJIy at body-temperature, if the acid is assisted hy 
the fennent pepsin. Under these conditions acid-albl\min is not only 
formed much more quickly, but it is also very quickly transformed 
into alhumoses, peptones, and peptids. According to Umber,l~ the 
relative resistance of different .. lbnmins to pepsin + hydrochloric acid 
is quite different from that shown to hydrochloric acid alone; but in 
this case anti-ferments play perhaps a part (Cohnheim). The author 
holds with Umber that the pepsin attacks the albumin-molecule in 
quite a different way tllan does the acid. (See also index.) 

The natural albumins are changed by alkalies even more readily 
than by acids, in consequence of which, as a lUre, :~lkaIi~aIbuminate", 
are fonned more quickly, at a lower temperature, and with feebler 
concentrations of alkalies than are the corresponding acid~albumins. 
Alkali-albuminates are formed, at once, if alburuins are heated to 
their eoagulatiou·temperature, but even at room·temperature the 
greater part of serUM-albumin is converted into a.lkali-albuminate in 
2k hours if it is acted upon by 0'2 per cetlt sodium. hydrate, according 
to J ohannsson. A 2 per cent N aOH solution quickly disintegrates 
sernm-albumins in a remarkable way, according to Maas.4 According 
to Zoth;) and Dieudonne/' serum+albumin become!) partially coO\'erted 

I F. Goldschmidt, Situren Ull-d Eiweis~. Di~rtati()n, Stra.s8~urg, 1898. 
!! A. Danilewsky, ZeitseAr. f. pitysiol. Che:no. 5. 158 (IS8I), 
l F. Umber, ibid. 25. 258 (1898). ' 0, MMS, ibid. 30. 51 0900). 
~ O. Zoth. SitzunglJber.der Wiener Akad., ~Vath.·n,(1.t. Xl., Abteil. III. 100. 14.0 (1891). 
g DienilQnnp, Vn-h. fl. Phys.-med. 068. zu WiirW. Munch.med. WQt'oou. 1903, 11. 43. 

Z 
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into alkali-albuminate on being heated for some hours to 40° in a 
feebly alkaline solution. No other investigations into this question 
have been made. but the statements of R:rnert 1 regarding the 
oxidation of albumin by means of permanganate and caustic alkalies, 
as well a.s Hammarsten's investigations into the add-albumins: mucin, 
globulin, fibrinogen, casein, which, as a rule, were dissolved in dilute 
alka1ies, in alkali-carbonates, or in ammonia, all show clearly that 
allmmin is denaturalised with great rapidity when it i~ brought into 
contact with alkalies. 

This denaturaHsation can readily be proved, for the alkali
albuminates differ chemically from the albumins from which they are 
derived. Nasse 2 and Schmiedeberg:3 found alkaH-albuminares poorer 
in nitrogen than the native albumins, and for this reason Schmiedeberg 
introduced the term < desamido-albllminic acid.' Nasse has fOUild acid
albumins to he also poorer in nitrogen. The ultimate dissociation
products resulting from the action of acids and alkalies have been 
discussed on pp. 90-96. 

As already pointed out, the formation of acid-albumins :~nd of 
alkali-alburuinates in the absence of salts is accompanied by no visible 
change, while in the presence of small amounts of salt a precipitate 
is formed. Quite dHferent is the behaviour of concentrated alhumins 
when they are brought into contact with very strong acids or alkalies .. 
for more or less stiff jellies are formed, "'which may show all transitions 
between glass-like transparency and milk-white opacity. To these 
jellies were originally restricted the terms 'a.cid-albumins' and 
( alkali-albuminates.' 

The first to observe this jelly formation or gelation was l{ose 4 

in 1833, who prepared an albumin-ferric~chloride jelly. MagenJie,j 
Lieherkiihn, G .Johnson 7 were other early observers; while subsequently 
this question wa..<: investigated by RoBet 8 and his pupil Zoth; 9 by 
Kieseritsky 10 and Rosenberg 11 under the direction of Alexander 
Schmidt; by Neumeister and the author. Vlhether a jelly is formed 

1 R. Ber;er~ Zdtsckr. f. physial. <)hem. 28. 2i2 (1898). 
':.! O. Na.<;se, Pjlii.ger'~ Arch. fur die g('sammte Phys. 7.139 (1872:). 
~ O. ScblOiedeberg, Arch.f. experiment. P(J,th~ u. Phanrmk. 39. 1 (1897). 
4 Ferdinand Rose, Poggendorff's Ann. 28. 140 (1833). 
5 Mageutlie, Lefun.s 8Ur it sang, Pari~, 1836, p. 170 (according to RoUet). 
6 N. Lieberktib.u, Arch.f. Anat., l'kysWl. n. trissensclurftl. Ned. 1884, pp. 285,323. 
1 Johnson, Journ. of the Chemical .. "i..U'. N.S. 12. 734 (according to RoUet). 
8 A. RQl]et, SUZftngsber. d. l}rien. Akad..~ Math.-MtuTW. HI., Abtl'il. Ill. 84~ 

332 (1881). 
II O. 20th, ~.:'OO. 140 (1891). .-
11) W. It:ieierUsky, Die GerinnuNf/ t.ks Faser8Wjfes. Allcalitdbuminats URd Acid-

albumins. Di$ertatioll, Dorpat, lSS2. 11 A. Rosenberg, Di.~rtat., Dorpat, 18S3. 

"". 



"III ACID- AND AI"KALI-ALBUMINS 339 

or is not, and whether the jelly is transparent or is opaque, depends 
on the concentration nf the acid or alkali, and on the amount of 
.inorganic neutral salts pre:;ent, as has heen vcry thoroughl."" in
vestig~ted, after Rose! hy J{ollet, and Zoth, and Rosenberg) and 
Kieserit~ky. 

Genernllr speaking, adds require to be in much greater con
centration than alkalies to lead to the formation of a jelly. Pure 
glacial acetic a.cid, which js Ileutral to Ihmus paper, acts on pUI'e egg
white as a. dehydrating agent according to the author, l who finds, on 
mixing 1 ccm. of egg-white of newly laid summer eggs with 10 cern. 
of glacial Il.cetic acid, that there are thrown dowl) large membranes 
of :l. white translucent colour, virhich do not change their appearance 
even if kept for months; the alhumin is hCl'cby so completely 
precipitated that. no opalescence is seen in the mother~liquor; 1 ccm. 
of egg-white with 10 ccm. of a 2)) per cent glacial acetic acid shows 
a few ill-defined flocculi, while with 50 per cent acid a l,lrge nnmber 
of minute mem brancs nnd transparent flocculi float about in a jelly
like motller~}iquor, which latter exhibits a slight opalescence. 

lrhile, therefore, a jelly~1ike acid-albumin requires for its formatioll 
a strong solution of acetic acid, a jelly-like alkali-albuminate' may 
he formed occasionally quite spontaneously, according to .'loth. 'If, 
c.g., serum~albumin is allowed to stand, the amount of alkali ,,,"hich is 
normally present in the blood-serum may suffice to convert it into a jelly. 
On increasiIlg the amount of alkali, the fluid solidifies more quickly, 
and becomes also more transparent, although less firm; a still larger 
;unount of alkali may prevent the solidification altogether. Ana-Io
gOUl'lly, gelatinisation of an alhumin may be prevented by too high a 
concentration of an acid, as the latter acts either as a dehydrant, as 
in the case of acetic acid (Mann, see above), Dr as It coagulant, as in 
the case of mineral acids. Organic bases, cholin, and cyen urea, 
if in sufficient concentration, also give rise to brawny jellies} according 
to Spiro Z and Ramsden. 3 

Kieseritsky and Rosenberg have specially stndied the influence of 
salts, and have found that no jelly is formed if by very prolonged 
dialysis all salts are removed. They have also shown tha.t the time 
in which a jelly is formed and the firmness of the jelly are greatly 
inttueneed by the presence of salts. These facts lead them to draw 
an interesting parallel between the coagulation of acid-albumins and 
.alkali-albuminates and the precipitation of colloidal silicic acid in the 

1 Gustav Alann, Pkytiologic.al Histology, 1902, p. 105. 
2 K. Sr,iro, Zeil3ch.r.j. pltysio[. Oktm.. 30. 182 (1900). 

a W. Ramsden, )(mrn. vj Physiol. Prouedingll, 28, u:iii. (1902). 
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presence of salt, which occurs slowly in the cold, and quickly Oil 

heating. The smaller the amount of salt which is present, the 
mOl'e transpa.rent, but also the less firm, is the jelly, and t-ice ~'eI'~fI. 

Acid-albumill requires f()t' iti> gelation leas salt than does an alkali-alhu
minate. 1Varmth hastens and augments jelly-formation enormously. 

A hard-hoiled egg iR It good example of the formation of a jelly
like alkali - alhumitmte, for egg· white is a concentrated alkaline 
alhumin-solution. In the hen's egg, and in the eggs of birds which 
leave theil' nests as soon as they Ilrc hatched, the alkali-albuminate' 
becomes white and opaque on boiling, while in the eggs of all birds 
, ... hich remain for a considerable time in their nest;;:, as is the case 
with the crow, the swallow, ana tbe lapwillg, the egg-white solidifies 
on hoiling into a jelly as clear as g1a:'s, as has been pointed out hy 
1.ieberkuhn, Tarchanofl~l-who introduced the term T<tut-albllmin, in 
memory of tl,. little I~ussian girl Tata, who observed that 8,\'al/ow:;;.; 
f'ggs remained clear on hoilillg,-and Helbig. 2 This phenomenon 
depends 011 the different amounts of salt and of alkali which tire 
prescnt in the egg-wbite. The white of hens' egg~ may also be made 
to solidify into :l dear jelly by placing the eggs for two to three 
days into 10 per cent KOH solution (TarchanotP and Zoth :1). 
Another application of the transparent, jellified alkali-albumipate is
that which Koch" has introduced into bacteriology, for hlood-senIni 
solidifies to a fairly transparent jelly on being heated for some time 
to 65'}; by altering the concentration of the tserum, and the time we 
tako to coagulate the serum. it is possible to somewhat influence the
moue of coagulll.tion. 1 

Other Methods of Denaturalisation 

Many other causes, in addition to acids and alkalies, will change 
the normany occurring, colloidal albumin into it denaturalised state. 

Dry Heat,~rure alhumin crystals, according to ",Vichmann/' llmy 
be heated to 150", but on heing heated for some time in their insoluble 
state, they- become less readily digestible by pepsin and by trypsin, 
3-Ceording to Smith," Strohmer,' and ~ota.rski;8 Laqucnr and Sackur,\) 

1 J. T:l.relln.noff. fljliifld.~ Arclt..f- d. fJ('~~" Physiol. 33.303 (1884); 39. 4i6 :1.11(1 
489 (1880). 2 E. Helbig. Arch./, Hyyime, 8. 4i5 (188B). 

II 0, Zoth, SitZUflgsOer. d. Wie1U:l' AIcad., Nath.·natufW·, Ill. III. 100. 140 (1891 t. 
4 R. Koch, Jfitt~il. a. d. j(((iserliehen GeMtnilhdl.sa1llte, 2.48 (1884). 
II A. \\eichmann, Zeilst:hr.,t: phy~ol. Ohem. 2'/. 575 (1899). 
6 H. Smith, Zc.if,$chr./. BWl. 19.469 (1883). 
7 F. Stro1llll~r,jJJum. Zentralbl. 1902, II. 971. 
s T. Ro~~lw.f' ph1lsWl. C!ttUl. 88. 552 (l903). 
9 E. Laqnem- anll 0. Sackur, Hq/mristel"s BdtrUge, 3. 193 (1902). 
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.oll drying casein at 100", obserl'oo that, it is dil;;intcgrs.tcd int{) phospbQr.jc 
acid and at least two a.lbuminous substances which differed from onu 
another and from the origihal ca.sein. It is uncertain as to whethel' 
thi8 great susceptibility is dne to want of purity or due to t.he 
peculiar constitution of casein. 

Alcohol.-:Salt-free alhumin is precipitated l,y alcohol only with 
<lifficulty; and such alcohol-preripita.ted aJhllmin is at first still solnble, 
but 011 the addition of a trace of salt the precipitate h~comes YCl'y 

~tbundant, and this precipita.te quickly loses its coH0idai IUltUl'C 

(Aronstein,l Harnack,2 Alexander Schruidt,3 KuhllC,4 v. Flil'th,' and 
Spiru ti). According to Kuhne and Chittendcn,1 albumoses and 
l'eptones are also precipitated much more completely if salt.s are 
llresent, but in this case a possible error Inay have crept in owing to 
thf' presence of alcohol-soluble acid-albumins. 

Lilienfeld e> in 1893 observed th:lt albumin nxed in ahsolute 
alcohol has no affinity for either acid or basic dyes. :Mathews 9 has 
also pointed out that egg-white, coagulated by heat or by alcohol, does 
not stain, in neutral solutions of either colour-acids or colour-bases. 
"It is true it will imbibe a certain amount of colour and will appear 
stained, but this colour is easily and quickly removed by washing in 
water." ." A most striking contrast is shown by two pieces of 
coagulated albumin, one of which h.as been immersed in a neutral, the 
other in an acid solution of acid fuchsin. After washing, the former 
'wilt be found to be colourless, the latter a brilliant red.". . U If two 
pieces of (alcohol-) coagulated egg-albumin be brought, the one into 
slightly acid and the other into alkaline solutions of thionin, the stain 
})otlred off after a few seconds, and the albumin washed in water, the 
plece tha.t has been in the alkaline solution will be an intense purple, 
the other barely tinged with colour." .. "These reactions clear1y 
indicate that the staining of coagulated alhumin depends on chemical 
combinations similar in aU respects to those which the albumoses cnter 
into with the same stains. In neutral solution, neutral coagulated 
albumin combines neither with acid nor with basic stains j in alkaline 
solutions it combines only with the basic; in acid solutions, only with 

1 B. ArQnstein, l>jlilger's Arch. f. d. ges. Ph_ysiol. 8. 75 (18i4). 
'1 E. Harnack, Ber. d. dfflltsC}/. chem. Ors. 22. VI. 3046 (1889). 
~ Alexander Schmidt, Zur DluUrl.re, Leipzig, 1892; Weite1-e &iJritge zur RluUeh'fc 

Wiesba.,len.1895. 4 W. Kuhne, Zeit&chr.f. Rwl. 2~. 1 (1892). 
5 O. v. Furth, Arch.f. ezpe-rim£nt. Paifwl. u. PlwrmaJw!. 36. 231 (1895): 
6 K. Spiro, Hoj1Iwistt-r'8 Beitrilge, 4. 300 (1903). 
:" W. Kuhne and R. H. Chittenden, Zeitsekr./. Bid. 19. 188 (1883). 
8 Lili.mfdd, ArM. ,f, Atvd. ?l. Pkyaiol. ]893, p. 391, an.] in Zeihckr. j. p}1y8wl. 

Ckcm. 18. 473 (1891)., II A. Mathews, Amer. JOU1"n. qf Physiol. 1. 445 (1898). 
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the acid stains." Alhumin fixed in acet.ic acid alcohol combines at once 
with the acid dyes in neutral solutions, probably because the acetic 
acid radical, which had united with the alhumin-molecule at the time 
of fixation, becomes now l'eplR.ced by the colour-acid of the staining 
fluid (Mann).' 

It is of great interest that alcohol is ahle to preserve the pseudo
acid-ps6lido-busic nature of the amphoteric albumin-molecule. See 
remarks of the author on p. 21 D. 

O. v. Furth:;: has noticed that different, alcohol-coab,'1l1ated alLumins 
hecome denaturalised with different rapidities j thus myosin (paramyo
siuogen of Halliburton) and oyalbumin are denaturalised more quickly 
than arc myogen (myosinogen of Halliburton) and serum~albumin. 

St. Hi1airc~ has further pointed out that nucleo·histones are 
decomposed by aIcohoL ~ 

Aceton behaves similarly to alcohol (Mann/ Spiro). The 
coagulum is at first soluble, but then becomes denaturalised 
secondarily. 

Alkaloidal Reagents and Dyes.-\Yhen precipitateu with 
phosphotungstic acid or with aniline dyes according to the methodf< 
of Mathews and Heidenhain (see p. 225), a.lbumin remains for ~t time 
soluble, hut ultimately becomes coagulated (Cohnheim). 

Salts of Heavy Metals.-Whether precipitation ,,;th the ,alts 
of the heavy metals produces delmturalisation at once is not known, 
hut that denaturalisation supervenes later has been shown by Bulow I; 
and Werigo7 (See pp. 303-315.) 

Silver Oxide.-Schadee van der Does 8 has described how solu
tions of egg- and serum-albumin may be rendered un coagulable by 
being shaken up with freshly prepared metallic silver, or freshly pre
pared or not too old silver oxide. Silver chloride and silver sulphide 
do not act in this way. It is suggested by him that the silver may 
possibly replace the sulphur of the albumin-molecule. The author \) 
suggests that silver in the metallic state, especially when in fine sub
divisioIl, b~ing slightly oxidised, must act in the f;a.me way as does the 

1 lUlUlLl, PkU8iolOfjicalllistology, 1902. p. 351. 
2 O. v. Furth, Areh.;: t.r.periment. Pallwl. 1(. Phar1ll(!k{)l. 36. 231 (1895). 
3 Comtalltin Saint-Hilaire., Zritschr.f. physi(Jl. ahem. 26. 102 (1898). 
,I. See Manu's Ph.lfsiological lIistology, p. 3:?O. 
3 MaUll, iUd. 1902, pp. 88, 104. . 
6 K. Bulow, Pflilger's A·1"ch. f. Ii. gesammte Physivl. 58. 207 (1894.). 
1 B. Werigo, iIiid..' 48.127 (l891). 
8. &ha.!iee-.:Y:U de)- DOtl&, Zeitsdll".j. )Jh.!JsWl. Chem. 24. 351 (1897); aho F. Bayer 

ami Co., 'Patentsehrllt,' Cheln. Zen.tmlblaU, 1900, I. 524, anLl19iH, 1. 652. 
Ii .Mallu," Phy$Wlogic«l Histology, 1902, p. 67. "". 
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oxide AgzO. This compound, which is soluble to the extent ui 
1 : 3000 parts of water, imparh to the latter an alkaline react,ion, 
owing to the formation of a. hydrate which undergoes hydrolysis. 
The author holds that the hydroxyl-ions, by ulliting with potential 
h;rdrogen-ions in the albumin-molecule, render the hydrogen-ions inert, 
and thus prevent the coagulation by heat (see p. 318). Cohnheim 
helieves silver oxide to produce in the alhumin-molecule u. change 
analogous to that induced by formaldehyde, i.e. the formation of 
methylene compounds (see p. 250). 

Osmium Tetroxide.-The author 1 discussed t}a., oxidising action 
of osmium tetroxide at the Anatomical Congress in Kia1 in 1898, and. 
to this discussion Monckeberg and Bothe 2 refer ill a. paper, in which 
they point out that osmium tetroxide is not a.ble to form salts, and that 
for this reason it does not cause coagulation, as do most other reagents. 
They state, that by acting M all oxidiser, osmium tetroxide become!) 
reduced to metallic osmium; that white of egg treated with an equal 
,"olame of 2 per cent OgO 4 remains fluid on beitlg boiled, and that it 
becomes unprecipitable by nitric acid, acetic acid, or alcoho1, while it 
is coagula.ted by a mixture of sublimate and njtric acid. Osmium 
tetroxide, not being an electrolyte, has been used ex-tensh'ely hy the 
author for histological purposes, as it causes no structural change,3 
nnd even prevents sublimate from producing in the cytoplasm the 
usual change brought about by electrolytes. The author's me~hods 
have been adopted by Apathy and Bethe.' 

Surface Action.-Hermann;:' was the first to show that certain 
albuminollil substance", such as casein, Ducleo·a.lbumins, fibrinogen, the 
paramyosinogens of different, tissues, etc., are precipitated owing 
to surface action, when burnt clay or animal charcoal is mixed with 
their solutions. The same cause is at work, and therefore also leads 
to precipitation, when milk is sucked through porcelain filters, for 
Zahn,s and subsequently Lehmann,7 have shown that the alhumin 
passes through the filter~ while the casein becomes precipitated and is 
held back by the filter. Picton and Linder S have found similarly 

I Mann, l"erhandl. (l. Ann,t. Oestllileh. Kid, 1898, p. 39. 
".! A. Betbe antl G. Mi.\nr.kebeTg, Zeitsch?·./. rnil..·rollkop • .thai. 54. 135 (1899). 
;; Mann, Zf'itscn-r. f "Uriss. M'iJ.;-r. 9. 481 (1894). and Physwlogical llistolDfJll, ]902, 

pp. 69, 82, 102, ]07, 128. 
~ A. Bethelllld G. Monckeberg. Zei#Ch'r.j. mikrD8kilj). Anal. &4. 135 (1899); A. 

Bethe, AllgtWk'ine AMi. u. Pltysiol. des lfe71¥lMljatemfJ, Leipzig, 1993. 
.:; L. Hermann, PflUger's Arch. f. a. ges. Ph.1Im. 28. 442 (1881). 
i; F. W. Zahn, ihid. 2. 598 {1870j. 
7 W. Hempel, J. Lehmann's < Milk IllVestigations,' i/n'd. 56. 558 (1894). 
B H. Pictou and S. E. Linder, Jmlffn. 0/ the (!/tern. &X. 61. 148 (1892). 
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that haemoglobin does not pass through porous earthenware filters. 
The author explains this pbenomenon as due to the same causes as 
those whir:h lead to the mutual precipitation of two colloidal solutions 
of opposite sign. 

The firm albuminous compounds, such as fibrin and the tissue
forming elements, react in the same way as do the soluble albumins; 
for when coagulated by heat, alcohol, metallic salts, and formaldehyde, 
they Lecome denaturtt.lised 1md lose their natural properties. The 
hardening and fixing of organs for histological purposes by means of 
the &tlt..<; of the hD.-'!vy metals, by acids, aldehydes, alcohols, and 
of!l;mium tetroxide, depend on 'coagulation' being produced. There 
is, howeyer, a great difference between the electrolytes, which cause 
strnctural changes, and the non-electrolytes, such as osmium tetroxide 
alld formaldehyde, \vhich preserve the minute structure of colloidal 
suhstances h;v forming additive compounds, as is fully discussed in 
the ILutbor's Ph!lsiolo_qiml Histology, 

Properties of Denaturalised Albumin 

AI'i soon as denaturalisation occurs, all Idbumins loso their IiIpecific 
j,(olnhilities, and they resemble one another in their denaturalised st."l.te 
in heing insoluble in water ~tnd in neutra.l salt solutions, while they 
Me soluble in alkalies and acids, The acid-albumins and alkali
albuminates resemble one another further in being much more soluble 
ill dilute alcohol than are the native or nRtural albumins, Other 
properties, however, such as ehemical composition, reactions, salt 
formation, etc., are not destroyed, As :regards histological staining, 
it is \'ery important that the coagulated tissue-eonstituents on enter
ing into chemical combination with dye-stuffs are soluble to different 
extents, and that hydrolysis of these coagulated albumin + dye
compounds takes place quite analogously to that seen with non
coagulated ·albllmin. In what respects coagulated albumin differs 
from natural albumin, particularly as regards the COllyersion of pseudo
acids and pseudo-bases into real acids and real bases, is funy discllssed 
in the author's Physiological Histology. The molecular weight of de· 
naturalised c.'\sein is, according to Laqueur and Sackur, I not essentia-lIy 
different from that of natiye casein. 

The (ash-free albumin' of Harnack~:! has been especially c::-.refully 

1 E. Laqueur And 0, 8.wkur, Hfymdster'/i JkiMige, 3. 193 (1902), 
2 E, H~.,g,.dlr. f. physiul. ()iwn. 6. 198 (1881); also Ber. d. deutsch. 

dtell<. GiS, 2a.,"cll SOlS (1889) j 23. 1. 40 (1890); 23. II, 3745 (1890); 31. U. 
1938 (1898) •. 
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nvestigated. It is prepared by precjpitat.ing egg-albumin with salts 
If copper; 1 dissolving the copper-albuminate in alkaJi~s ; precipitating 
t 1,y careful neutra.lisation, and repeating this process several times. 
n this way it is possible to obtain a compound containing very little 
tsh, It is, according to Bulow"! and "~erigo:1 an H.cid-albumin, It 

~hlorjde of deJJatu:raJised alhllmin. Harnack's nlbllmin jJlustrates 
\-ery well the properties of dCllaturalised albumin. It If> soluhle in 
acids and alkalies in the absence of salts) ,vhile in acid solutions it is 
precipitated at once by the addition of sa.lts. Its equivalent llumbers 
are referred t.o on p. 329. It gives all the rcltctions of albumin except 
t,he lea-d-sulphide rNl.ction, notwithstanding the fact that it contains the. 
full complement of sulphur. Hut'nack explains this phenomenon by 
.assuming a parti:~l oxidation, and he calls the a.sh-free allmmin 
'a.noxidised.' Its heat of comhustion is stated by Stohmann :Uld 
Langhein 4 to be 180 calories lower than that of native a.lbumin, hut 
these figures are of little 'value considering that neither normal 
.alhumin nor ash-free albumin are qnite pure bodies. 

Other examples of denaturalised albumins are the halogen com
pounds, the oxyproteill and oxyprotsulphonic acid, the metbylene- and 
ethylene-albumins, all of 'which it is impossiblCl to coagulate (see 
index). The substances just mentioned resemble Harnack's albumin ~ 
in not giving the lead-sulphide reaction a.t all, or only to a slight 
,extent. 'Yhat causes this change in the sulphur-radical is not kn'lwn, 
but the change is not directly dependent on denaturalisatlon, for 
Schulz and others,; have made their ordinary sulphur determinations 
mO!3tly on coagulated albumins. 

1 SCi: p. 304 11)1(\101' (;OPPC1' aHlUl1Iinaid. 

:! K. .Billow, I:ffitt!e/s "1 reh.j: d. g .. _oamte Physiol, 58, 201 (1894), 
3 Hr. \Verigo, ibid. 48. ]2i (1891). 

4 F. St(}hW1UilJ :l.tH1 H, l.lwg-lJ("ill, Zeit~("kr • .f. pmkt. f...'l,em. {2) 44. 336 {l.ll91i. 



SPECIAL PART 

CLAssmlCATIOK OF ALB1"MINS 

(By COHNHEIM) 

A IL\TIONAL classification of albumins should start ·whh the shnplest 
substances, the peptids and the peptones, and .should then show how by 
progressive combination of these simple substances there are built up 
the albnmoses and finally the albumins. This classification should 
be based on a qunJitabve and quantitative synthesis of amino-acids. 
Such a classification has indeed been attempted by Kossel, l who 
considers the nucleus of the albumin~molecule to be represented 

. by the union of urea ",-ith a diamino-acid, as met with in arginin, 
and th,'1t to this nucleus the other diamino-acids, mono-amino-acids, 
etc., are linked on. According to this plan four distinct groups may 
be distinguished :-

1. The protamins, which are rich in arginin. They differ from 
one another in the amounts of other bases and of mono-amino
acids. 

2. The histones, which still possess a relatively high percentage 
of arginin and of other bases. 

3. CAJrtain vegetable alhumins very poor in arginin, and containing 
no lysin.~ 

4. All 'Other albumins, containing all three hexone bases and the 
greater number of amino-acids. This group cannot as yet be 
subdivided any further. Co";pare p. 348. 

A second classification originating with Kuhne,3 and worked out 

1 A. Kossel, Re-r. d. dmtsclt. cMm. Gcs. 34. III. 32H (1901); Bull. de la Soc. 
du:m,ique de Paris, 3rd Ser. T. 29, No. 14, 20th July 1903; SitzungsOer. d. Marburger 
Ges. z. Ref. d. gu. ~:alll:l'1m.·6$. 1900, p. 21. 

:! K0SS61l!4ld.,F. 'Kutscher, ZeitscAr.!.<phyaiol. Chem. 31. 165 (1900). 
3 W. Kuhn'e, '1kidelhergtr 1..Vat:u.rk.-mutmn. Verrin, N. F. 1. 236 (I876); Kuhne

and R. H. Chittenden, Zeitukr.j. Bioi. 19.159 (ISS3); 22.423 (ISSS). ,_ 346 
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especially by Pick,l has received a. very strong confirmation through the 
researches of E. Fischer and Abderhalden:: This classification assumes 
tlJe existence of two distinct radicals in the alhumin-molecllle, namely, 
the hemi- and the anti.-group, and has alreafiy been dealt with in full, 
pp. 148-154. It shows that casein and prot-albumose form the herni-end 
of a chain, the anti-end of which is represented by gelatine and hetsro
albumose, Globin and the Hence-,lones' albumin rescmhle casein, 
while edestill anu gerum·glolmlin approach gelatine in their constitution. 

AU other albumins caHnot be classified according to this schemtl, 
and other classifications, as, "'.g., according to the amount of glutaminic 
acid,;; or cystin,4 or tyrosin/i arc arbitrary, and with 0111' present 
kno'w]edge would account for only a certain number of albumins. 

It is to be regretted, but at present we have to be conservative, 
and must retain the old classification which is based on the solubilities 
ilnd on the distribution of t.he different albumins, a classificat.ion which 
goes back to the days of Hoppe-Seyler G and OrechseI,' aml which has 
also heen adopted hy HammaN;tcn.8 

According to t.hi.s classification, the naturaHy occurring, or native, 
genuine alhuminous substances, or the albumins in the restricted sellse, 
fOtlH the ccntral group. They are characterised by possessing a colloidal 
character when in solution, and by becoming denaturalised under 
certain conditions. }!"'l'om these albumins are derived certain com~ 
pounds possessing definite features, namely, the acid-albumins and 
the alkali-albuminates; the albumoses, peptones and peptids; the 
halogen-albumins, etc. A third group contains the proteids, which 
,~re compounds of an albumin with another radical, the so-called 
, prosthetic group.' 9 The albuminous portion of the proteids, namely, 
the histones and the protamine, may be brought into line with the 
true albumins. A fourth group 1S represented by the' albuminoids ' 
or albumins which form the firm supporting structure!5 in the animal 
hady. The expression I. albuminoid' is not based on a chemical hut 
on an anatomical foundation, and is therefore, from a chemical point 
of view, inadmissible. 

1 E. P. Pick, Zdtsch~·.f. physiol. Chem. 28. 219 {1899). 
~ E. Fischer 8;ljJ E, Abderhaldell, ibid. 39. 81 p9D3~. 
j F. Kntooher, ibid. 38.111 (1903). 
i K. A. H. Moruer, ibid. 34. 2()7 (1901). 
:j P. Reach, Virch·f/u/S AreAiv, 158. 2SB (l8~9). 
6 F. Hoppe-Seyler, Hmulquck del" pkysiol.cqisck. una pat)wlOfjiadt-ckemiacken A naly,,!', 

6. Aufl. 1'. 243 (1893). 
~ E. Drechsel, article 'Eiwci&skol"per' ill Ladenbwrg's HandWi.iderr,uch dtr Chem-if. 

3.534 (1885). 
~ O. HammaTflten, Tf!;l";t-book 0/ Pkysiol. ar..en~istry, 4. Aufl. 1899, p. 17. 
II A, Kos~l, krcil.f, (Anal. 11.) Phyltiol. 11393, "p. 157. 
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This classification into native albumins, dissociation-products, pro
teids, and albuminoids does not include, however, such bodies as t.he 
Hucleo-albumins. 'Vhen dealing with these later on, it will be shown 
that they have nothing whateyer to do with the nucleo-proteids, with 
which they wore formerly confounded, and from which they bare 
received their name, except that they contain phosphorus. The 
nuclco-albumins form a special, physiologically and chemically well
defined cla:;s j it is immaterial whether we regard them as proteids or 
as phosphorus-containing albumins. The same holds good of the 
roucins and allied substances, which may be cla.ssified as albumins 
with a specia11y high amount of carbohydrate, or as glyco-proteids. 
Following Hammarsten, the nueleo-albumins have been described under 
the albumins, while the mucins and mucoids are counted amongst the 
pl'oteicls. It is best to drop the expression f nudeo-albumin' alto
gether, as these snbstances have notlling to do with the nndeus. 
and to use instead the term If phospho-globulin," proposed by Cohnheim. 

The former classification of native albumins into the water-soluhle 
albumins and into the water-insoluble globulins, which latter are, how
('Yer, soIuLle in acids, alkalies, and salts, seems to have reeeh"cd a certain 
amount of justification through more recent work. Although albumins 
differ greatly in their composition, they resemble one another iu 
possessing the power of crystallising; the globulins also agree weLI 
with one another as far as salting-out is concerned. The group of 
~oagulable albumins is certainly not a homogeneous one, and has 
therefore heen subdivided. The important reserve-albumins of seeds, 
which sometimes go under the name of vitellines, and at other times 
are called globulins, have been c1a.ssed as a special group. 

Between the individual groups of the scheme shown below there 
are transition forms which it is sometimes verv difficult, to class. 
Many albumins have been examined not as such,~ but in the form of 
their salts, a factor which must never 'b~ lost sight of when dealing 
with their solubilities. 

I. Albumins proper 

]. Albumins: serum-album.in, egg-albumin,l Ja.ct-aJbllmin. 
2. Globulins: serum-globulin, egg-globulin, laeto-globulin, cell-

globulins. 
3. Plant-globulins and -vitellines. 
4. Fibrinogen. 
5. Myosin aDd allied substances. 
6. Pb~:"containing albumins (nucleo-alqumins), caseins, 

1 The author noes not consider egg-albumin to be a typical albl1min. see p. 352. 
, ~. 
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vitellines, nncleo~albnmins of the cell-protoplusDl, 1ll1H'oid 
uucleo-albnmins. 

7. Histones. 
8. Protaruins. 

II. Transformation-products 

1. Acid-alhumins and alkali-alhuminates. 
:.!. Albnmoses, peptone:;;, and peptids. 
3. Halogen-albumins, oxyprotein, oxyprotslliphonic acid, and allied 

substances. 

III. Proteids 
1. X ncleo-proteids. 
:!. IhlO'IDoglohin and allied Sllhstances. 
3. Glyro-prntejd~, mllrllJS, mucoid:;;, heJieD-proteid. 

IV. Albuminoids 
1. Collagen. 
2. Keratin. 
3. :Elastin. 
4. }I~ibroin. 

5. Spongin, etc. 
6. Amyloid. 
j. Albumoid. 
8. Colouring-matters derived from albumin. 

The transformation-products ha\'e ali'cady heen discnssed in the first 
part of this book, while the native albumins 'will be discussed ill this 
second part. 

In what respect albumins differ from other substn,nces has already 
been stated, and the reasons why peptida. and protamlns may he 
rcbrarded as albumins h81'6 also been given. 

Cohnheim 1 says: I Xo definite answer can be given to the question 
whether corresponding albumins of different animals are identical or not. 
The difference between the caseins of cow's milk and woman's milk is 
sO great as regards composition and reaction as to leave no doubt that 
these two caseins are different substances. Hremoglobins, on the other 
hand, agree almost completely apart from their solubilities. The 
serutn~albumins and serum-globulins, the muscle-a.lbumins, etc., show 
more or less distinct and constant differences as regards percentage
composition, coagulation-temperature, and rotatory power. The serUID

albumins of the horse and of the rabbit crystallise, while those of aU 

1 Tbe authl)l·'.~ vieW9 are gi.n.~tI Oll p. 35-1. 
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other animals up till now have heen ohtained only in an amorphous 
form. These differences arc, however, Hot sufficient to pro\'e a 
chemical difference, especially if we take into consideration that the 
substances in question have by no means been prepared in a purt' 
state. Even amongst the well-known mono- and di-saccharids arc seen 
small differences in general appearance, in the shape of the crystals, or 
the dt'gree of purity, if the same suhstttnce be prepared from different 
plants, and it requires much trouble and time to purify these Buga1'" 
to such an extent as to obtain them in a pure state with nniform 
characteristics. This difficulty becomes very great indeed 'when 1Yl' 

have to deal with the colloidal polysaccharids, for the ditfcrellct>"i 
between the starches obtained from potatoes, rice, and maize are yerr 
considerable; but at I/resent it is impossible to tell whether we are 
dealing with starches differing from one another d1Cmicallr, or 
whether the apparent differences are due to the Wit,\' in which the 
molecules are a.rranged in the amylum-granules, 

If the difficulty of preparing pure substances is great amongst the 
sugars, it, is still far greater amongst the albumins, for we hayc nor 
yet succeeded in preparing pure albumins. The recently disconrcd 
precipitin. reaction seemed to he able to throw light on this question 
of identity or non-identity of the corresponding albumins of differetlt 
animals, as this reaction permits lIS to recognise and thereby to d1S

. tinguish ,.,.-ith certainty blood, milk, etc" of different animals. It has, 
however, already been pointed out that we are not quite certain as to 
whether the reaction depends at all on albuminous substances. 

At present all the relations are so complicated that we cannot state 
definitely th~t the specificity of a species depends on the chemical 
structure of its albunlins. The same holds good for the differences 
between the albumins of different organs. 'Ve know that it is possible 
to isolate nucleo~alburuins, globulins, and probahly also myosin~like 

!)ubstances, from the protoplasm of all glandular organs, but we do 
not know whether these individual chemical substances determine the 
functions of the organs, or whether the plasm in each case is huilt np 
of the same chemical products, but arranged in each individual case in 
some specific ma.nner, . 

There is, however, no doubt that certain older "iews as to the 
existence of a special structure characteristic of 'liYing albumin' are 
wrong. The I unstable (labile) groups of atoms' are merelv ferments 
or other substances which are contained in the protoplasm, bu"t which for 
that reason nee4.11ot be albumins. The view of Kraus 1 and of Dmher,2 

.,1 Krall..'>, De,ttscM !Ile.i .. Wocllensrn. 1903, No. 1.4. 
~ }'. Umper. lkllint?' JdUl_ lr-OC'h4'1JRch .. 1903, No. 39; Kraus. 1'bid, 1904, Ko. J, 
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that the albumins of an organism may change chemically owing to 
partial decomposition during metabolism, has been di~pro\'ed by the 
self-same anthors." (Colmheim.) 

Cohnheim's views are not ~hared by the, au.thor, for the systematic 
classification of animals and of plants recognises the existence of· a 
few large units, which are then subdivided into more numerous 
sub-units, and these ultimately through 'general' and (special) into 
J individual' units. Everyone of these units is characterised hy 
two sets of definite features, the one of ,vhich is common to all, while 
the other is specific of each unit. Thus all plants and animals have 
nuclei and cell-plasm in commOD, the activities of which are inversely 
proportional to one another. Amongst all animals from Vorticella to 
Man certain contractile tissues have an alternating arrangement of 
clear and tlim strjpes, and the unformed blood of an octopus reacts 
to certain micro-chemical methods, as does the formed hlood of 
vertebrates j 1 the nene-cells of amphjbjans and mammals closely 
resemble one another in possessing certain aggregations of nucleo
proteid matjer, the so-called ~issl-grn.nulesl in their cen~}J]asm, and 
so on. Therefore the rt'semhlance of animals to one another as far 
a.s certain histological characters are concerned is very great, and yet 
we must not overlook the differences. 

As lower organisms by evolution give rise to higher ones, so does l 

for example, simple coHagen by evolution gi,,'e rise to the stages of 
cartilage, calcified cartilage, and bone, On the assumption, which 
Cobnheim believes to be allowable, that the gelatin-basis of the tissues 
just enumerated is the same, the differences in the final product must 
be due toO the presence of chondra-sulphuric acid, as in cart.ilage. or to 
that of metaphosphoric acid, as in bone. The question naturally sug
gests itseH; "nence comes chondro-.sulphuric acid or the roetapbosphoric 
acid f These radicals ID£lst have been formed somewhere; if albumins 
play no part in their production, then they must be derivatives of 
nuclear actiyity. In any ease the special selective a.ctivity shown 
by collagen in certain regions of tbe body must be due to a difference 
between this particular coHagen and that occurring elsewhere-there 
must exist chemically different colbgens. 

'Ve may safely assume that in their coarse chemical framework aJl 
grollps of plants and of animals agree, and that those characteristics 
which are peculiar to each individual species are produced by trans
formations and suhstitutions in 'side-chains'; and further, that this 
cbange is only possible by a new arra.ngement of the. differen1 
amino-acids both as regards the relative quantities in which eacl 

1 MallO, l'hllSi.oWgicai Histology. 1902, p. 217. 
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acid is present, alld also the order in which they are linked to one 
another. 

Nobody realises more than ooos the author the absolute necessity 
of preparing the different chemical constitnents of the body in as pure 
a form as possible, but do not let us forget that such 'purification r 

means stripping a compound, by means of recrystallisation and other 
processes, of certaIn perfectly norm:\! constituents, which give the 
specific chamcter to the compound in question. Purification in many 
Cit.Ses may he compllred to macerating, for example, three he.<'1118, 
covered with white, red, and black hair, till nothing but the skull is 
left, and then saying these three heads were all alike. Over-purification 
must lead to the survival of the morc resistant radicals at the expense 
of the more unstahle 01' perishable ones. At present ·we are I learning: 
onl' bones,' hut let llS also remember the soft parts. 



CHAPTER IX 

TilE ALBUMINS PROPI<~R 

'VREN we read in older descriptions about I alhumills,' ami especi
ally about their physical propertjes, we must remember tImt the 
simple coagulable albumins are lllCl:mt, or', ill other wOI'tlB, "'bat we 
now can" the albumins proper» and the globulins. 

I. THE ALBU1\flXS 

Two albumins afe known: serum-alhumin and lact-albumin, bnt 
it is customary to also ine1ude egg-albtlmin, although the latter 
ought to be classified amongst the glycoproteids. . How these albu
mins differ from one another ill different animals has heen discussed 
on pp. 35[>, 360, 361, 363, eto. 

Albumins are coagulable substances, which arc soluble in salt
free water. The author's view as to why albumins are soluble in 
salt-free water is given on p. 295. Their pure solutions have a 
neutral reaction. As 1;1. rule, they are less readily precipitable than are 
the globulins and many of the proteids, and this Cil'CuIIlfitance is made 
use of in isolating them. They are not rendered insoluble hy coming 
into contact with animal charcoal or with porous earthenware - as 
is, for eXIl,mple, caseinogeu,-and therefore they may be filtered 
through porous plates ,vitbout being precipitated. 

They are not precipitated by saturating their neutral solutiom, 
even at 40'',1 with sodium chloride 1 or ,",-ith magne.sium sulphate,!! 
while, according to Schafer S and Starke,"' they :tre thro·wn down by 

1 J. Lewitb, Ard~.f. expen'lltent. Palk U/ul PM~rlil. 24. 1 (1887). 
2 TolmatschelJ, Happe·Seyler's med.-chem. Clntetsudw11flCn, p. 2i2 (1867); O. Ham

lIll1rsten~ ZeitsMr./. phllsiQl. ()Jum. 8. 467 (188-1); E, J()hann~son,ibid. 9. 310 (1885); 
J. Lewitb, Arch. f. n:pmJ/l,e:nt. Path. wul }'JutrJl"t. 24. 1 (188i); K. V. Starke, 
.Mal!l'8J{(}~'.1 Tierchem. 11. 17 (1881). 

S E. A. Schafer, JQ1trtt. oj PAyS-Wl. 3. 181 (1880). 
'K. V. Starke, .Va)y·sJo,k)'esber.j. Ti.erwmn, 11.17 (lS81). 
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magnesium and sodium sulphates if these arc used comhinedly in 
saturated solution, and also Ly sodium chloride 1 or magne::;ium 
sulphate ~ if the reaction he acid. The precipitation-limits for 
ammonium sulphate lie, according to Hofmci:"tcr, between 6'4 auJ 9 
(~ee p. 292), and therefore very high; for this reason they are not 
salted out by half-saturated solutions, and consequently half-satur
ation is used for sepa,ratillg allmmills from the glubulills with ·whieh 
they are constantly found together. If albumin solutiom; have 
an acid reaction, tbe preripitatioll·limits for ammonium sulphate are 
lowcred. 

The three alhumins mcntioned aboye ha\'e hecn prepared in a 
crystalline form, and they differ in their crystalline chamcter from 
most. of the ot.lJeJ' simple albuminous suhstanccs. Tlw crystals have 
already been discussed on p. :~2G, wherc 1t. was pointed ont that 
they arc prohahly not free albumins, but salt-like comhinations, being, 
for ('xamplc, either sl\Jplmtf's or acct'ltes. 

Albumins gi,-c all the cv]our- and precjpitation-tests of aHmmiuous 
substances. 

1. Serum-Albumin 

It is founu in varying amounts in the hloou-r:;crum of vertebrates,S 
and <blso in the lymph. It is therefore met with in all organs which 
have not been freed thoroughly from hlood and lymph. In inftamma* 
tions of the kidney it p:ts;;;es into t.he urine, idld is also found in pittha
logicld trallsudations. GUl'her·1 was the first to prepare it in a 
crystalline form from the blood of the hot'se. Accordillg to Krieger f, it 
is lJest to employ ammonium s1l1plHtte and sulphuric acid ($CC p. 324), 
for only sulphuric-acid solutions wi1l give constant results with the 
blood of the horse, while other acids fail occasionally according to 
Gtirber and Krieger. Gi1rber has also obtained crystals from the 
plasm'" of the rabbit, while he and Schulz t) failed in ohtaining crystals 

1 P. Panum, rirc}wl!"S Archil", 4.419 (1851); E. Salkow~ki, Z!',limlbl./. d. /,wl. 
WisUl!sdla,ftl*f/, 1880, p. 38 ( .. t/alli's JaJl/"t'$be,.. 10. 16). 

II Tolwatscheff, H()ppe·Scyler'.~ med.,dlRm. CntrrsUdm1!!lrn, p. 2i2 
mal'sten, Z.,itschr. /. physilJl. Chem. S, 46i ~1884l: E. JolJann$~olJ, 

(1885). 
3 O. Hammarsten, ibid. 8. 46i (1884); G. Salvioli, A,.dtil' /. (Anal. 

O. HaUl-
9. 310 

Physi(!l. 
1881, p. 289; J. JQac11Un, WicMr ldinisc},c WOCMll.;-chriii', J902, ~Q. 21; Mern, 
J[edical lH.sse-rtafi-l.m, Wurzburg, 1896. 

"' A. Gurber, H'iirzburgt"t physiol.-medizin .. (;es. J 894, p. 113; 189[;, 1). 26; 
A. Michel, WUrWu.rger physwl.-medizin. Ges. 29. lli (1895) (additiona.l note by 
Gfuber, p. 189); G .. Meyer, .Jledical Dissertation, Wnrlhurg. 1896; E. Middeldorf, 
Disu:rktii.on, Wtimbiiiw, 1898. " 

5 H. '1." Krieger, Disserta.ti01<, StT(LSBburg, 1899. • 
" F. N. Schulz, Kri.stallisution VOlt Kiwei.ssst,1fMI, Jena, G. Fischer, 1901. 
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from the blood of other animals. 'Yichmann 1 has studied the 
crysta.llography of serum-albumin. Gurbcl' was of tho opiriioll that the 
once generally accepted v-iew, na.mely, thl\t the serum ~ alhumitw of 
different animals are similar, could not be ma.intained becau~c of 
crystallographic differences, but his pupils Meyer, \richmunl1,l alld 
Schulz:! have disproycd his ohjections. The endeavour of Oppenheimer:l 
to split up sernm-nlhumin into severul fractions by means of ammonium 
su1phate- has not led to definite l'c:sults, and therefore, at present, serum· 
albumin :must he reg~Lr{led to he a uniform amI specific ('ompoulld. 
The b'Teat agreement betlYCCll the analyses of eyen '!lmorphous prepam· 
tions also pojntR to there being only one serum-alhumin. 

H "S 

}'rom their analyses Hofmeister and Kurajetfll calculate the 
formula 

(J4511H720XllG~{j°140 

and the molecular weight as 10,166. 
The coagulation-temperature has been determined by Fredericq t~ 

as 67\ and with it the figures of Starke,t' Hebelien,l3 and Micbe1 4 agree 
well. The specific rotation is - .'57 to - 64", according to Frcdericq,H 

, A. phllsiol. Uhr1to. 27.575 (1899). 

, A. 

'E. 

~ K. V. ;;tarke, 
"K. A. ~it)mer, 
lG F. Blum, ihid. 28. 288 
1] D. Kurajeff, ibid. 28. 

Jena, G. Fi~clH~r. 1901. 
1(.) 1903, p. 201. 
OM. N.F. 29. 117 08f'5). 

Chell!. 37. 49;' (1900). 
GCN. N.F. 31. (1897). 

C'hCllt. 25. 16 (1S9S). 
11. 17 (l88i). 

CheN. 34.2i)i (1901). 

12 1.. Fl't!iitricfl, BIl11. de I'A£ad. 1'. IJel(IY111t, 2 81~r. 64. 7 (1877); Ami. lie SOl'. 
d. 1nbiecine de GCllt, ISj7 (reprint). 

13 J. Sebelien, Zeitsehr. f. phU~iol. Ohern. 9.445 (1885). 
u L. FI"ed~ricq, A'fCh. de Biow!]. t 45i (1880). 
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Michel,1 Giirber,2 Starke,S and Sebelien,4 Iodised serum, albumin 
contains 12 per cent iodine, according to Kurajeff .. ' It combines with 
1 to 0-2 grm. hydrochloric acid, according to ErbY The capacity for 
alkali for the same concentrations is, according to Spiro and Pemsel,' 
much less. The dissociation-productf3 are mentioned in the table, 
p. 70, No.2. Glycocoll is absent, otherwise the products are the 
usual ones. Its bases have not been investigated. Sulphur exists 
only in the form of cystin, according to Morner.8 Serum-albumin 
yields somc glucosamul, Recording to LangsteiIl,9 and perhaps also 
still H.llother carbohydrate acid, hut only in infinitesimal quantitie,i; 
(see p. 160). Dissociation hy means of pepsin has been imoestigated by 
Umber; 10 while that by trypsin takes place only slowly and very 
incompletely, according to Oppenheimer and Aronp probabIy because 
of its antitrypsin-content (Cohnheirn). 

Accoruing to Starke 3 it is only slowly denaturalised by alcohol and 
ether, and thus differs from other albumins; Johannsson 12 has also 
noticed a remarkable resistance of serum-albumin towards dissociation 
by means of dilute acids j even 2 per cent Hel attacks it at room
temperature only after twenty-four hours, while 0'25 per cent 
hydrochloric and :3 per cent ncetic acid have no a.ction. 

After Starke 13 had succeeded, for the first time, in converting egg
albumin into a globulin by means of heat, Matt H has also accomplished 
the conversion of serum-albumin over a pseudo-globulin stage into 
euglobulin by either heating normal serum for half an hour up to 56', 
or heating 1 to 3 per cent. of crystalline serum-albumin dissolved 

in l~:f caustic soda solution. The more concentrated an albumin

solution, the greater is the yield of the globulin. 'Vhat makes the 
investigation of l\Iott so important is that the artificial globulin agrees
with the normally occurring euglobulin not only in such physical 

1 A, Michel. SitZlIngSbtr. du Wiirzblt'l'ger ph!js.-med. Ue>J. N.F. 29. 117 (1895). 
'.I A. Gurher, l1iid., 29. 13~ (1895). 
3 K. Y. 'Starke, MaZy's Jahresbericht, 11. 17 (18S1). 
4 J. :-<ehelien, Zfitschr. f. }Jhy,~wl. Chem. 9. 445 (1885). 
" D. Kmaje!l", wid. 26.462 (1899). • 
6 W. El'h, Zeit .. IChr./. Biolog. 41. 309 (1901). 
7 K. Spiro and '\-. f'eIU~el, Zeitschr. j: physio{. C'ftelJt. 26. 231 (1898). 
S K. A. Mtirner, ib-id. 34.207 (1901). 
{I L. LaUg..<iteill, H(lfmeMW's Beilrlige, 1. 2il9 (1901). 
10 F. Umber, &ilsckr.f. physivl. ('hem .. 25."'258 (1898). 
II C. Oppenheimer alld H. Aroll, llofmeister's .Be:itriige, 4. 279 (190.3). 
n J.'E. Job~n, Zdt.~clH\f. physWl. Ohe1n. 9. 310 (1885;. 
13 J. S~8chr. /. Biol. 40. {19 and 494. 
14 L. Mott, Hofmeister's Beitriigl!., 4, 563' (l{l04). 
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Jharacters as soluhllity in salt solutions, but a.lso in having the sante 
pereentage·composition. 

2. Egg-Albumin 

Egg-albumin forms the chief constituent of that. concentrated 
nlbuminouB solutlon knol'm as egg-white 01' "white of egg. TIlt) latter 
.routnins, in addition to egg-albumin, also a globulin and a mucoid, 
The mucoid has been investigated only recently by M6mcr 1 and 
Zanetti,:! and has been shown to be a distinct substance. For this 
rcason all the older and mallY of the more recent accounts of egg
albumin do not deal with pure egg-albumiIl, but \'dth mixtures (If the 
latter with variolls other albuminous substances.:> BecRUIse of the ease 
with which it may be obtained, egg-allmmin has been more frequently 
investigated than any other albumin. 

Hofmeister'" was the first to pre})al'c all albumin in a crystalline 
f(Jrm from a half-saturated ammonium - sulphate solution, and this 
alhnmin was egg-albumin, The method now used by Hopkins ~ i~ 

clescribed on p. 325. Instead of acetic acid, any other acid, such as 
ll:?SO,p Hel, may be used, according to Hchulz (~ and Hopkins.' 

Analysis has yielded these values :-

Hofmeister.b 
S(!L\llz.9 

} BOlldzYllSky and Zoja. 10 

Hopkins.' 
Osborne a.nd CamIlbelI. B 

Lang<!tein.:; 

This table shows that the analyses vary in quite an irregular 
manner, as is specially noticeable iu the sulphul'-content, and the dis~ 

1 C. 1'. ~10ruer, Zeilsckr./: pkrlirWl. Ckem. 18. [125 (1893,. 
!' C. U. 7..:tllttti, Ann. Ohim, di. e. FarllJ.(fc, 12. (I89i) (aceoniing to ~j[aly's 

Jlumsoc:richt, 27. 31 (189i)). 
:J L. Langstein,' Door die ~rhlUhal'en Stoffe de~ Eierklar5,' H(!fmrnu/.~ lJeifr«ue, 

1. 83 (1901). (Here the older literature and lDany auilyse-.s.) 
4 F. Hofmei~ter, &it.f(·;kr.fpkysid. (,'JUIn, 14. 163 (lS89). 
5 F. G. Hopkins, JQlt"rn. of Pkys. 25. 306 (1900). 
6 F. N. Schulz, Zei~chr.!. phys-wl. C?u:m. 29.86 (1899). 
7 F. G. Hopkins., JfJUf'ft. qf PhJJ8Wl. 25. 306 (1900). 
~ F. HofmeiflteI', Zeilachr. f. pkysiol. Glum. 16, 187 (1891); 24. 159 (1897).: 

l<'. X. Schulz, ibid. ali. 16 {lB98). 9 F. N. Schnlz, ibid. 29.88 (1899). 
1(1 St, Bondzynsky and L. Zoja, ibid. 19. I (1898). 
II T. B. Osborne and F. G. Campbell. Journ. A1II1lric. CMm. Soc. 21. 477 (1899) ; 

22. 422 (1900). 
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crepancies are too f,rreat to be attributed to experimenta.l error. Bond
zynsky ~\nd Zoja 1 explain the discrepancic:; by assuming the existence 
of scveml crystalline alhumins, while Hofmeister,~ Bapkins,:l Osborne 
and Campbell·1 maintain th;1t in addition to the crystalline albumin 
there is prescnt in egg-white a second l1on-crystallisable albumin, which 
Oshorne and Campbell and I.ang-stein t. cnll cOli-albumin. This COIl

alhumin is characterised b,r a higber nitrogfJn- and sulphur-contellt, 
and in thi~ it rc~emblc~ the older non-crystallisahle preparations of 
Hammarstcn.n As, furtber, the ovo-mucoid-which can only he 
separated with great difficulty from the ov-alhnmiIl-contains still more 
sulphur but less C and X than the cOD>albumjn, it is reauily seen how 
hy its admixtul'f' grcc:tt discrepancies in the analytical numherR may be 
indncf'd. Schulz .'lnd ZsjgmonJy ~ have shown by means of the gold 
IlumlJcr (see p. 3:3~~) that it. ii:i exceedingly difticnlt to free egg-albumin 
from colloidal impurities, e.-en sixfold l"CCT),Rtallisalion not being 
sntticient in some cases, and they found ill addition to the ovo-mucoid 
a "contamina.ting substance" ·which litt}' not be an albumin at all and 
which may possess all entirely ditferellt chemical constitution. It is 
this impurity which adheres so strongly to egg-nlbmnin. t-:-ndel' these 
conditioll~ the an:dyt.iral differences may readily be attrihuted t.o con
tltminating snbstances, and there is no necessity to assume a multiplicity 
of albumins. According to Spiro 8 the preciTlitation and crystallisation 
of alhumins hy means of ammonium sulphate is never completp) and 
therefore t.he non-cl'J"stallisable fraction or con-alhumin need not be a 
separate suhstance. 

The procipitation-limits for pure egg-albumin by means of ammonium 
sulphate lie, according to Langstcin/' hetween 6·2 and 6'8 (see p. 292).; 
the limits are therefore very narrow, a fact. which also supports the 
view that. egg-aJbumjn is a. lJniform slJhstaJJC£'~ It. is precjpjta.t.ed by 
sodium chloride in acid solutions, pro'dded the solution is really satur
ated with sodium chloride, according to Hopkins.:> 

Tbe c:,ugulation-temperature has been determined by Starke 9 as 

1 St. BOlldzynsky amI L. Zoja, Zeitschriftj. jJhy.~iol. Chem. 19. 1. (1893). 
2 F. Hofmeister, ibid. 16. ]87 (1891); 34.159 (1897); }<'_ N. Schulz, wid. 25, 

16 (lS~8). 
3 F. G. Hopkins, JonTn. oj Physiol. 25. 306 (1900). 
-1 T. R Osbol'lle and F. G. Campbell, Jour1J. Amer. Chern. &e. 21.477 (1S99); 22, 

422 (1900). 
t; L Langstein, ll<ifmeister's Beitriigl', 1. 83 f1901j. 
II O. HamnlArSten, Zr>ilschr.J.J)hysiol. aMmo 9. 273 (1885); K. Y. Starke, J'Ialy's 

Jahresber. 11.170.(81). 
1 1<'. N. &h-w: -aad R. Z~igmondy, H~J'1neister>s BeiMige, 3. 187 (1902). 
S K. Spiro, ibid. 4, 300 (1903). 
~ K. V.'Starke, Maly's Jahresbtr. 11. 17 (1881). 

' .. 
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56 . ..,,,hile other authors give higher figures (compare with H:unsdcn's 
figures for fibrinogen, p. 382). Hopkins 1 found 

a p "" - 30'70. 

Tilt> dis:';ociation-pl'odul.'ts have heen givell Oll p. 70, So. fl. It:.; 
high glucosa.min-contcHt i.'l of "llecial impol'tnnct', a.nd has been adinitcl.r 
established afreT a long discnssion hy ::\JiilJcr and Heema.JlIl ~ ano .La.ng

stein.:; The latter fonnd at leaRt 10 to 11 per cent glucosH"mill. wbile 
HofUleister~ estimates it. Itt 1:') }ler cent. AC'cording to Steud('l," 
glllcosamin is contained in egg-whito, :tS it is in the mncins, as 8 hj~hel' 

complex. According to -:'vViruCI',ti ouly the smaHer part of the sulphur 
oecur,; as eystin. There is alsf) pl'csf'nt a volatile 8uhst.:.'l.llce, whieh is 
perhaps ethyl t;ulphidc) and if this be so, the ethyl sul1Jhide is derived 
from c,vstin, see p. 1 fir;, 

I(ldo-egg-albumin containR about 9 Jler cent iodine, accol'(lin,!! to 

Hofmeistel'.4 Blum an(l Yauhe1 7 have not emflloycd pure prepara
tions, but tlw mixtmv of egg-white; Hopkins" and Pinku::; found f1 

BI'-ca.pacitJ of 1 ;')'1-i per ceHt for c)'},stnllilJc 111humilJ, The HCl-caP:1City 
hlL"'; hecn determined by El'h 11 a;; at TnO",;t O'-J:H grm. pro 1 grm.; that 
of egg-white has heen investigated by ~jijqvjSt.ll) and BUgl1fszky fwd 
I..iehermnon.ll The behnvioul' of egg-alhumin during coagula.tioll has 
been freqnently investigated, psperinlly hy P1tuli (sce p. 28;). The so
ca.lled "ash·free" alhnmin (~ee p. :H4-) is dell!tturalised alhumin, If 
henil' eggs are placc(l for two to three days into 10 pCI' cent KOH, th('n 
the egg-"white no longer cMg!llat~,o; ill the usual way on heing holled, 
hut sets into a yitreom; transparent jell.Y, as the salts are diminished 
while the :dkaIies are increased in amount, according to Tarchanofi' 12 

and Zoth.1:l Alcohol and ether denaturalisc egg-alhumin much more 
rapidly than serum-albumin, according to St.arkc.l4 Dissociation by 

J F. G. Hopkins, .fOIIr1L r{ Phy"l"l. 25. S06 
.2 F. 'InHer !Lntl .J. Seemann, JJelJts('h~ medi;:,in.. 1890, p. 209 j J. 

Seemll.1!U, )l('di::iil. lJi.s~('i'ta!;'m. 1IIlrbllTg-, 1898: }\ Mtiller, J. Bid. 42, 468 
(1901). 3 L. Zei(.qchr. f. ph'Ij~I·"(' Chem. 31. {9 (1900). 

~ F. Hofmei"ter, ibid. 24. ~ H. ~tetta(\l, ihitl. 34. 3;:,a (1901). 
~ K. A. H. Marner, ih;';. 34. 207 

Olwn. X.F. 57. 365 (1898); F. Blum, 
Zril,'whr,f.phyRwl. (hem. 28. 288 

g }" U. HQpkinl1, lJel'. d. deutsch. Ch/'Jfl. G{'s. 30. II. J860 (lS9i); F. G, Hopkin" 
twd S. N. Pinkus, ibid. 31. II. 1:~1l (1898). 

9 W. Erb, ZI"i[$c1I",f Bioi. 41. 309 (1901). 
10 J. Sjijqvi:'!t. 'Door Sabiiure.,' Ska.udin., Arch. f. Pk,lISiol. 5. 278 (1894). 
Jl St. Bugarszky ll,n~l I,iebermaun, p.fl.i4Jr:r's Arch.! ri. (IPs. Physiol. 72.51 (189S). 
1'J J. Ta:rcbanoff, ihid. 33. 303 (884); 39.476 and 489 (1886). 
13 0, Zoth, Wiener Akt.ul. matlU'!lIl{1.t. Kl. III. 100. 140 (1891). 
H K. V. Starke, Maly',~ Jahresber. 11. 17 (1881). 



360 CHEMISTRY OF THE PROTEJDS CRAP. 

means of pepsin has been studied by Umber! and Langstein. 2 Intro
duced into the circulation egg-albumin behaves as a foreign substance. 
If it be eaten in large quantities it is absorbed undigested and 
is excreted into the urine, damaging simultaneously the )'ena} 
epithelium.3 

Crystallised albumin has been found by Panormoff' 4 in the egg
white of pigeons, and hy ,\Vorms:-' in the egg-white of the seed-crow; 
Schulz H "taB llDsllecessful in obtaining crystallisation with either pigeon
eggs 01' goose-eggs. The egg-white of the crow, swallow, lapwing, and 
other birds which do not leave their nests immediately after hatching, 
remains as dear as glass on being boiled, according to Lieherkiihn 'i 
and Tal'chanoff.!l For explanation of Tata-albumin, see Index. 

On diluting egg-white with ten times its lmlk of water and then 
diaJ)'sing it. at a t.emperature of 75_85° Starke 9 obt&ined a substance 
giving all the characteristic reactions of ordinary globulins, for it is 
insoluble in distilled water and in perfectly neutral soludons, but 
becomes soluLle on being t,reated with very dilute alkalies. If neutral 
salts :m) present, then the 8ame amount of alkali will lea,d to more of 
the globulin passing into f;olution, the explanation offered by Mann 
being 10 that the neutral salts drive out the CO2 normally prNient in 
the water, and that therefore none of the added alkali is bound by 
the CO" and that therefore more alkali js available for the conyersion 
of the globulin into a soluble compound. AttentIOn has already been 
drawn on p. 356 to the fact that seturn behaves quite analogously to 
egg-white in also giving rise to a globulin on being heated to 56 G

• 

3. Lact-Albumin 

Utct-aIbnmin is a constant constituent of ail kinds of milk, but 
compared \"ith casein it is present only in small quantities and is there~ 
fore frequently neglected during investigations. A pure preparation was 

1 F. Um~r, ZeiUlchr. f phll''IWl. Ol"nn. 25. 258 (1898). 
~ L. LaIlg.~tein, Hofmeister's lkitrii{le, 2. 229 (1902). 
a Stokvis, Zcntralbl. f. d. md. Wissell..sch4fttn, 1864, p. 596; M. Ascoli, Miinchener 

lltuli::.i1l1'.sc11£ Wochell-schrift. 1902, 1. p. 898; 1903, I. p. 20l. 
.. A. Pallormoif, Maly's Jahresber. 27.4 (1897). 
II w. W. Worms, Jowrn. d. russuch. phys.~chem,. Ges. 33. H8 (according to OMm. 

Zentrnlbl. ]90], II. p. 1229) . 
• p, N. S<:hulz;, Kristallisatimt von Jt:iweissstoffffi, Jen&, G. Fischer, 1901. 
" Lieberkahn, Ardl. f. A uat., Pays. ". ration. Ned. 184~ p. 32B. 
8 J. T3reha.no1f. Pjliig"'S Arc1t.f. d. gu. Pkysicil. 31. 368 (1883); 89. 476 and 

485 (1886) j .9-_ T. ·H.Ibig, Arch.. f .. Hygiene, 8. 475. 
11 J. Starke:-·~T. f. }lWl. 40 •. 4-19 aud !-94. 
10 Mann, P~ysiological Histology, p. 58. 

"~ . 
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investigated for the tint time by Sebelien 1 in Ilamm(J,raten's laboratory. 
\Yichmann 2 succeeded in preparing c:rystalline hct-albumin by Glirher's 
method; the crystals resemble those of the other albumins. The data. 
at preaent are insufficient for drawing any conclusion as to the inter~ 

relationship of lact-albumin and serum-8.1bumill. 
According to Sehelien lact~albnmen has the percentage compmsition 

Other al1JUluins are not knowH, The alhumin found hy C. T. 
Morner 3 in the eye and by Kiihne 4 in muscle are derived from traces 
.of blood or lymph (v. Fiirth)." ~o alhumin.s could he founa in the 
liver and in the thyroid by PltJsz/' Oswald,' and others. The so
caHed yolk-alhumin, from which lvlayer and NelllJOrg prepared gluco~ 
samin, if judged by its soluhility, is not an alhumin but rather a yitc!line 
(see p. 40.'). Infuooda, (SosllO'wski~) and mussels (Cohnheim) also 
contain no albumin. H. Buehner 9 "tates that he ohtailled 'alhumin } 
from the juice pressed out of hacterla, hut. as he Usei) this t.erm only to 
show that Lhe !'lUbstanee in question is not l\ proteid it m{LY well be 
a globulin. Palladin HI mentions 11 vegeta.ble albumin, without, 
however, describing it more fully. 

II. Tm; GLOBULINS 

The formation of globulins by heating albumins is referr~d to 
on pages 356 and 360. 

The globulins arc simple coagulable albumins, which differ from 
Albumins in heing insoluble in pure water and in dilute acids, but they 
are soluble in dilute alkalies and in solutions of neutral salts (see p. 297) 
They are, therefQre, precipitated from salt-solutions by dilution wit! 
water, and more completely br remo~-jug the sa1t.s through dial,Vsis; m 
-adding salts they pass again into sollltion. An explanation of thei 
physical beha\-iour lUiS .been offered by the author on p. 296. The: 
are also precipitated by acidifying their solutions and even by passin 
.a constant stream of CO2 through the solution, and are rendere 

) J. Sebelien, Zeitsckr. /. jJlt!/sirll. C/WI •. 9.445 (188.'1) (here the older literature). 
Il A. Wichmann, ibid. 27. 575 (1899). 
3 C. T. Mo:rullr, wid. 18. 61 (1893). 
4 W. Kuhne, A'I'chit1J. Anm. 11,. Physwl. 1859, p. 748. 
~ O. v. FUrth, &hmiedeberg's Arch. 36. 231 (1895). 
6 P. PJb.sz, l:Jl1Juer'" Aycki~\ 7. 371 (1873), 
1 A.. Oswald, Zeitac/tr. f. plqlsiol. CMm. 27. 14 (1899). 
S J. Sosnowski, ZentralU. f. Physwl. 18. 267 (1899). 
9 H. Buchner, MWnchener 1Mdizin. Wodtenschr. 1891, No. 12. 
JO W. Psl1adin, Zeit8chr. f. Riolug. 31. 191 (1894). 
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lHmtr:tl again hy neutral ising the sol uti un. They hecome much more 
readily insollll)le, i.e. denaturalised, thall the· alhumins hy precipitation 
with acid.1; or 1,y dialysi;.., awl t.herefore they are only completely 1'0· 

Roluhlc immediately after }j(~iIlg precipitated. 
According to Oshorne,l the hydrogcn.ions of t,lle water are the canse 

of the glol)ulins becoming insoluhle, and this would account for coagu
lation occllning more quickly in the presence of CO~ or small tLtllounts 
of other adelR than in pure water. Oshorne calls the globulin ede-stilL 
Il.fter it has become insoluble, edestan, and proposes to call the deriva.
tive,,; of other glohulins by a.nalogous names. Edestan is said to 
posseKs a different acid-capacity from cdestin. 

The precipit,ahility of glohulins hy means of acids ttnd their solu
jJi!ity ill alkaliefi oepend 011 the faet that. they themselyes are acids, 
which with lit.mus giYe all acid reaction ItIld which liheratc CO:;: 
(;J. Stru·kD).2 Thf)' must nnt, however, be confouJHle(l with the acicl
albumins (.T. St<trke).;; 

Kutscher" o};sernd th:lt, rleutero-alhumoses CHl1se a precipitate In 
a solution of sodium globulinate, and Hammarsten has furthet' shown 
tha.t sodium globlllilmtes arc precipitateu hy neutral salts (lnu small 
amounts of sodium carbonate. 

G-Iohulills arc salted out completely by satnrated magncsium
sulphate solutions, and partially also hy saturated sodium-chloride 
solutions; for w:'utral ammonium sulphate the limits for serum-glohulin 
lie "between 2'9 and 4- '6, awl other glohulins behave similarly; an 
glohulins are completely precipitated by half-saturated ammonium
sulphate solutions, and occupy in this respect a position midway between 
the alhUluins which are more difficult to precipitate, and fibrinogen and 
casein,(i which are more readily precipitahle. 

GLobulins are obtained as a precipitate by either saturating a 
solution containing globulins, with neutral magnesium sulphate, ac
cording to Hammarsten, 01' by adding to the serum an equal quantity 
of coid-&'ttllrated, neutral ammonium-sulphate solution, according to 
Hofmeister. This precipitate is dissolved in water-some sodium 
chloride heing added, if necessary -and the globulin -solution is then 
either gt'catly diluted with distilled water, or the salts are removed by 

1 T. B. Osborne, Zeitschr. /. physiol. Che7n. 33. 225 (1901). 
2 J. Starke, Zdtschr./. Biol. 40. 419 (1900). 
S J. Starke, ibid. 40. 494 (1900); L. Moil, .Jlofmeiste:r's Rei/rage, 4. 563 (1903). 
~ F. Kutscher, Zeit$chr. f. plJysiol. (!Mm. 23. 1]5 (1897). 
5 O. Hammatsnm. Pfluger':;; Arch. j. d. ges. Physi"l. 18. 38 (l880); Zeitschr. j. 

pkllsiol. ~ S. "7 (1884). 
6 G. Kallder, -.,hock, f. ex_perim. Path. tJ. Pharm. 20. 411 (1886); J. Polll ibid. 

20. 426 (lSB6). 
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dialysis, and finnlly the glohulin is precipitated hy means of dilute aeetic 
a.cid. The yield is, hmvcver, bad if djalysjs or a.cidif:ic.al1on 15 emp]oyt>d, 
and therefore, if the presence of salt does not matter, it i:; hetter to 
prepare glohulin hy repeated salting-out.. As the gloLlllin in its 
precipiIX'tted state becomes \'cry rapidly insolllhle (sec p. 2DS for au 
explalla.bon), it j,<:; necessa.ry to be ~IS t{uick as possihle in all nne's 
manipuhl.tious, according to tohllheimj lmt Starke 1 iR of the opinion 
tha.t globulin \vhich has hecome insoluble in neutral salt solutions, 
may he rendered ~olul)le again hy the addition of a trace of alkali. 

The presence of globulins ill 11 solution nllty he :tssumed whoIlcver 
a eoagul:thlc, phosphor-free a,lbumin is pl'cripit.at{'.d by diluting 01' 

acidi(ying an albuminous solution, if in addition the precipitate gives 
the above indicated precipitation-limits for ammonium sulphltte. 

Fibrinogeu) myosill, and some related substances resemble the 
glubulins as fat· as their acjd propertlcs and solubiHtjes are concernf'u, 
hut they mm;t be considered as belonging to a special group; and the 
vegetable alhumins, which in part are true glohnlins, forms nIso a group 
hr themsel \-es. 

The rotatory pOl-vel' of 1 per cent globulins in 10 per cent SaCI 
lw.g hee)) inyestigatell hy Alexander,2 (Bet:' aJso pp. 364, ::'oBi, and 3i3.) 

serum-globulin - 18 hemp-seed-globulin - 41·5 
egg-globulin - 40 hrazil-nut-glo1mlin - 40'5 

fibrinogen - 4.5 to - 50 flax-seed-glolmlin - :38'5 

1. Serum-Globulin 

After Panum 3 had shown that an albumin occurred in serum, 
-which could be precipitated by diluting Of by acidifying the sernm, 
and after 'VeSI 4 had proved that this substance was a definite hody, 
to which he gave the name of serum-glohulin! it was thoroughly 
hlYestigated by Hammarsten .. -, The older views of Alexander Schmidt, I, 
who believed that serum-globulin played a part in blood-coagulation 
and who gave to it the name of "paraglobulin/' are no longer 
tenable, 

1 J. Starke, Zeitsehi'. f. Bid. 40. 419, 494-. 
11 A. C. Alex&.mier, Joum. of E~;l'eTimental }'[edit:ine, 1. 186 (1896). 
11 P. PanUIn, FiTchmD's Arch. 4. 419 (1851). 
4 'l'h. Weyl, Pjlii.ger's Arch. J. d. ,]N, Physiol. 12. 635 (1876); and in Zeit.Jekr. f. 

physid. Chem. 1. 72 (1877). 
I> O. Hamm.arsten, PflUger's Arch./. d. (JM. PJI.'1sivl. 17.413; 18. 38 (1878); aJ:ld 

ill Zeitsch.1'. J: physiol. Chern. 8. 467 (1884) ; and in .A'r!Jelmisse df'r PAgsioloqie 'l:011 

AsJ!I:r.Spi'l'o, 1. 1. 330 (1902). 
;; Alexand:r &hmidt, Zur BluMeli.re, Leipzig, 1892 (Review}. 



-364 CHEMISTRY OF THE PROTEIDS 

Serum-globulin forms a fraction of the albumins occurring ill 

blood-serum. According to }\feyer,l Krieger,2 and ,Joachim,3 its per . 
.centage varies for different species of animals, and a.lso for different 
a.nimals of the same species; the author helievcs its amount to be 
determined by the a.lkalinity of its tissne-juices. Globulin passes into 
the urine ~ during kidney-disease, into such transl1dations as the liquor 
.amnii,!' and into the lymph. Ludwig and Salvioli tj have further shown 
that the ratio of the albumin to the globulin is t.he same in lymph as 
in blood. 

It bas not been prepared in a crystalline form. 
Its analysis has yielded these results: 
,----

Il'f'rl'f'nt. 
52'71 

The coagulation-temperature has been found to he the same Lyall 
iuYcstigators.l2 It amounts to 750, and is fairly independent of the 
amount of salt present. According to Fredericq 13 c 

a
D

=-47·S. 

The dissociation-products are enumerated on p. 70, No.3. The 
high glycocoll-content is especially remarkable, and this is character
istic of the antigroup. For the same reason it is very resistant to 
ferments, as pointed out by Umber,14 E. Fischer and Ahderhalden,li'i 

1 H. )feyer. JVed. Disscrt., Wiirzhurg, 1896. 
~ H. Krieger, ])isstrt., StrMllburg, 1899. 
3 J. Joachim, JVien. klin. lVochenschr. 1902, No. 21-
.,\ J. PohI, Arch.f. experiment. Patkol. ql. Pkarll~. 20. 426.(1886)
,~ 'l'h. Weyl, Arch.f, (Anal. 1t.) PkysWl. 1876, p. 543. 
Il G. Salvioli. !:nitl~ 1881, p. 269. 
; O. Hll.mmanten, 'Vber das Fihrinogen,' P/liiger's ~4t'ch, /. d. yes. Physiol. 22. 

·'31 (1880). 
S W. Hausmann, Zeitsdtr.f. ph.llsiol. Chtin. 27. 95 (1899). 
!l F. Blum, ibid. 28. 288 (1899). 
10 F. N. Schulz, ibid. 25. 16 (1898). 
l\ K. A. H. Murner, ibid. 34. 207 (1901). 
l:? O. Hamma;rsten, Pflilger's Arch.f. d. gu. PAyM. 17. 4]3; 18. 38 (1878); antI 

in Zeitsrn-r, f. physiol. ahem.. 8. 467 (1884); aE:d in Ergd.Jni1JSe der Physiologic t'Oil 

Asher-Spiro, 1. I. 330 (1902); L FrOOericq, Ann. de la ."wc. de Mid. de Gent, 1877 ; 
Th. Wey1, see No. 1l,1&!!t page. 

lJ 1... ~·41ln. de let &c. de Mid. rk Gmt, 1877 ; Th. Weyl, see No.4. last 
page. "'J"'''' 14. F. UmbeT,.Zeluch-r.j.physiol. Chem. 25. 258 (1898). 

15 E. Fisoh8l' and E. Abderhalden, ibid. 39. 81 (1903). 
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and Oppenheimer a.nd Aron.1 According to the two last ohservcrs, 
this is only partially due to the pr~~ence of antiferment. Sulphur, 
according to Morner, ~ is entirely in the form of cystin. Lallgstein :1 
has found in globulin dextr()se and still other carbohydrates, but the 
possibility must be kept in mind that the amorphous globulin may be 
cont.:'tminated with serum. lodo-sorum.globulin contains 8··i5-F:·9ti per 
cellt iodine, according to Blum.4 Umber:' has iIlYestigated its peptic 
djgestion; the albumoses of tIle antjgroup ~~re especi.'llJy rcl'Y .ubundlmt. 
The conditions as to solubility are the same as for all other globulins; 
indeed, most determinations on the solubility of globuljns llRve beet} 
made on serum-globulin. 

In preparing serum-globulin, the serum bas to 1)e freed in the 
first instance from an remains of fihrinogen by the addition of 43 
CCIn. of saturateu ammonium-slllphate solution to 100 ccrn. of semm. 

The question as to \yhether serum-globulin is a uhjform substance 
is very much discussed. Serum-globulin is precipitateJ incompletely 
hy diluting serum ,,-lith water, or dialysing it, and by adding acid, but 
Hammarsten 6 has shown that the precipitated globulin as well as the 
portion ,vhich escaped precipitation are hoth again partially precipi
tahle, and therefore it is not allowable, as Marcus 7 ,and Freund and 
,Joachim 8 have done, to assume the existence of two distinct globulins 
jll serum. 

Fuld and Spiro 1) and I'orges and Spiro 10 hl'n-e attempted to break 
up serum-globulin into several fractions by means of fractiona.l salting
out with ammonium sulphate or potassium acetate. They obtained 
a {euglobulin' having with ammonium sulphate the precipitation
limits of 2'8 to 3'3, and a pseudoglobulin with tbe limits of 3'4 to 
4 '6; half-saturation with potassium acetate gave limits which did not 
earrespond with tbose ohtained with ammonium ~~cet&te. Rastoski 11 

succeeded in fractionising serum-glohulin .still more, and Porges and 
Spiro found confirmatory evidence, inasmuch as considerable differ
ences exist in the composition of their fractions, and they further 

1 C. Oppellheimer all/I A. Anm, H(!fmei~ter's Bejtn~{le, 4. 279 (19D3). 
2 K. A. H. Mlirner, Chml. 34. 207 (l!W1). 
;; L. Langstein, trieu. Kl. 112. Hb, May 1903. 
~ F. Blum, Zeitschr . .f. physi.(!l. Chem. 28. 288 (1899). 
" F. Umber, ibkl. 25_ 258 (1898). 
I; Q. H&.mmaI1lten, PJ/Ii,ger's Arch. j. d. [feB. Phy:riol. 18. 38 (1880); Zeitschj·. J. 

)'hysiol. Ch~Jn. 8. 467 (1884). 
7 E. Ma.r~us. ibid. 28. 559 (1899). 
S E .. Freund anil J. Joachim, ibid. 36. 407 (11:l02). 
\I E. Fnld aud K. Spirl), ibid. 31. 132 (1900)-
]\) O. Porges and K. Spiro, Hofmdster's Beltrii,ge, 3.277 (1902) (here the literature). 
1I Rost~ki. Hundt. mea. Wucn{!1IJ1cnr. 1902, p. 740. 
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found that certain ferments, antiferments, and ancitQxin~ occur 
constantly only in one of their fractions.} But at present it is quite 
impossible to say to what extent these differences are due to admixtures 
of foreign harlies anti how many glohulins there really exist. 2 

2. Cell-Globulins 

Globulin-like bodies IHLYC 1Jocn prcpareJ from many organs. 
Kt.rhrw:1 nbt:tined glohulin from muscle-plasma; Gottwald 4- and 
Liinnherg,:' from the kidney j Pl(')sz I; and Halliburton,'; from the liYcr; 
Laptschinsky/'froDl t.he len" of the eye; Hallihurtou \1 and Liliellfeld,l0 
from leuc·ocytes, in hrgt· a.mounts; Halliburton, from the central 
nerV01lS s.vst.em 11 and from red corpuscles; 12 and Cohnheim from 

the p.wcreas. Some of these glolmlhls }w,ve the same coagulation
tempcmture as has serum-glohulin, and there is a certain suspicion 
thn.t ruallY so-called cell-glohulins arc in reality true serum-globulin 
owing to the incomplete remoyal of bluod or lymph from the tissues, 
for r. Fdrth l;~ has not found nn}' globulin in muscle which had been 
thoroughly washed out. 

Hallilmrton,7 on the other halld, has found in many organs' ct'll
globulins u,' These suhsutnces bayc coagulation-temperatures of 48 c 

and 5'2", and are precipitated by even not completely saturated solu
tions of magn~esium sulphate and sodium chlorjde. It j.:;; possible 
that these substances belong to the class of the myosins. Ot,her 
chemical properties of thoRe bodies arc not kno\YIl. 

Only one of these cell-globulins haR beeh examined thoroughly, 
namely, the thyreo-globulin, which Oswald 14 extra.cted from the thyroid 
gland. It has the same precipitation-limit,s for ammonium sulphate 

1 FuM awl Spiro, :\inrclIs, ~et' p. 36;"i; K. Sl)iro, J1~fmeisle)"'s 

(1?Ol); K. Glassuer. ibid. 4. 79 (190::1); K. Asalmwa, Zeitschr,.1: lJyg. 11. 

krankh. 45. 93 

.. E.. GottwaJd, ZeJlschr . .t: physiol. Chnu. 4.. 437 (1880). 
(i J. r...inlLherg, Bkalldinm·. A1'ch • .t: Pill/sid. 3. 1 (1890). 
6 1'. 1'IS~z, Pjldgcr's Arch./ d. !l('S. PJly.~iol. 7. 371 (1873). 
7 W. D. Halliburton, JOllm. oj Phllsiol. 13. 806 (1892), 

I. 1. 330 (1902). 
K",,'mktili,a'. Leipzig, 

B M. Lapts\;hiIl~ky, PjiiifJer's Arch. f. d. gC$. Ph.ysiOl. 18. 631 (ISi6). 
!I lV. D. HalliburlOll, .Mu/')). 'l Physi'ol. 9. ~29 (1880). 
~o L. Liliellfeld, Zdt.~c1u.j. physi.ol. Chem. 18. 4i3 (1893), 
11 W. D. RaJliburtoll, JUtO'!I. of PhlfSio{. 15.90 (1894). 
III W. D. Ha.llilWrton and \V. ~L .Frif;,nd, ibid. 10. 532 (1889). 
IJ o. v. Ftii'tl!, A'-"wt. f. experilll. [,alhol. "u. PharJllak. 36. 2~1 (1895), 
14.:4:. OdWR}d. /!eitsckr. /. pVJyM. C}J8tn. 27. 14- (1899); 32. 121 (1901). 

' .. -
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as has serum-globulin, llUt it is completely precipitated hy aCld~, Its 
iodine-content is remarkable. The human tbyreo-glol,ulin hus th(' 
following percentage coruposjt.ioll : 

The composition of the thyreo-glohlliin of other animals is nearly 
the same as that of man. Its cO:tg\llation-temper,ttnn~ is 6;; ", 

It is not n. saJt, hut Iln iooo-ftlhumin. On it depends the Tlh,nio
logically and pharmacologically specific activity of the thyroid glawl 
It form;; the chief cOm.ltit1lcnt of the colloid, and is enonnonslv in
crelLsed. in goitre. The iodine-percentage varies ttccording- to th~ age 
of t.he person and also nnder other conditions. flnd does not seem to 
playa b'1'cat part in the function of the gland. 

3. Crystallin 

This expression was first used hy Berzelim, for the :dhllminous 
f;uhstances of the Cr'}'swlline len::). IJaptschinskr 1 showed that it was 
composed of a globulin (or vitcJlin) and an alhumin, Suhsequently it> 
was investigated by l\I(jrner',~ ,,,ho distinguishes: 

1. The n-crystallin. It gives the same rettctiollS as docs sernm

globuhn, but it is not precipitated by sodium chlor}rle, and only hy 
high c(Jucentrations of ammonium sulphate. It also differs frorr 
globulin in lIot being precipitated on heing diluted with water. I 
does not give the lead-sulphide reaction. 

(1)== - 46'9. 

Its cwgulation-temperature is 72 C
• 

It occurs principally in the outer layers of the lens, 
2, The j3·cr~Tstallin, It is only with difficulty precipitated 

acetic acid and carbonic acid, but otherwise it gives the oroinm 
globulin reactions, 

all "= ~ 43'3, 

Its coagulation-tempera.ture is 63~. 
It occurs principally in the inner, firmer portions of the lens. 

4. Egg-Globulin 

The long-known egg-globulin has been investigated and analy 
most recently by Langstein,3 who found am.ongst the dissociati 

1 M, Lapts(':hinsky, Pjli1ger's Arch.;: d. 9es. Physi1J[, 13. 631 (1876). 
~ C. T. 3Iotl1er, Zeitsc)rr. f. ph'!rj,(J/. Chem. 18. 61 (1893). 
3 L. Langstein, HO!J/l,eis{er's BeitrJ,ge, 1. 83 {l90J}. 
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products considerable amounts of glucosamin and a correspondingly 
well-marked reaction of Molisch. All the other colour-tests gave also 
positiyc results. Its solubility is the same as that of serum-globulin, 
and the question as to its uniform nature is as little settled as in the 
case of serum-globulin. Umber 1 obtained egg-globulin, by an accident, 
once in a crystalline form. :Many experiments on the action of salts 
on albumins refer to this globulin, as the experiments were made 
with impure egg-albumin, the glohulin fraction of which is more 
readily precipitated than is the alhumin fraction. 2 

The percentage composition "aries considerably, owing to the 
difficulty of preparing a pure ovo-glohulin. 

, 

------H--~· -.~ --,-: -'---0------·--

Ovolllucin 1 50'!)9 
Ovomuein ~ 50'U5 

Soluble globulin 52'67 

Soluble portiotl 
Total globulin 

5. Lact-Globulin 

25'S3 (hiS 1 
25'442,1'41 Osb(,rne 

. and 
JCamPbell 

It was discoycred by Sebelien 3 in mille, and was subsequently 
also found by Hewlett. 4 Milk contains only a few milligrammes per 
litre. It resembles serum-globulin both as regards precipitation-limits 
and coagulation-temperature, 72°. Lact-globulin is much more abun
dant in colostrum than it is in mHk. £, 

6. Crystalline Globulin trom Urine 

Noel Paton e found once in the urine of a man suffering from an 
unknown. disease very large qnantities of a crystalline globulin in 
addition to ordinary albumin. Huppert j has subsequently brought 
forward the view that Paton's globnl~n is in reality a hetero-albuIDose 

1 F. Fmoer, Bed. !dill. lrocl1e1tschr. 1902, No. 28. 
>! W. Pa.uli, Pflilger'8 Arch. f. d. ges. l'hysiol. 78. 315 (1899) ; Hqfm.eister's 

&itriige, 3. 225 (1902); F, Mylius, Ber. d. deutsch. clU'fflt.' Ges. 36· 1. 7i5 (1903), 
$ J. Sebeliell, Zeitschr. f. pltysUll. (!Iteuf.. 9 .. f145 (lBS5) ; and i1J. Joum. of PhysWiqpl. 

12. 95 (1891), 
" HAwlett, Jvu-ryt. of PlIysiol. 13. 798 (1892) . 
.'I J. Se~ ~hr. f. physivl. Chem. 13. 135 (1888). 
6 Noel ?atOll, Pmc. Qf the nll1/ •. ~r;/C. of Edinburgh, 1891-92t p. 102. 
7 Hlippert, JI.eitsch-r./. pk!/3id. CMm. 22. 500 (1896) . 

. 4<!i.' 
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or hctero-glohnlose. The natUr(l of this sullst:mce is t,herefore I\S vet 
doubtful. It crystalli"ed from the "cry strongly acid llrint" which ("cm
tained relatively little salt, after a few hours or onl,\" after som~ week", 
in t,be shape of hroad needles helonging to t,he rhomhic sp,tem. 

Its analysis yielded: 

Tbe coaguJation-tl'mperatuTc was het\VCCll :lg" mHI 6f) , hut coagu

lation was never very complete. Its reactions were the Htme :t~ those 
of glohlllin, except. that, It was completely salter1 out lly !;odiulll 
chlodde. 

This globulin is prohahly iJerltical with Bellee Jom~s' alhumin. 

7. Bence Jones' Albumin 

This substance used to he taken fol' an ltlhllmose., hnt is fl, natiyp 
alhumiu according tn more ret:ent accouut:=;. It is fOllnd in the urine. 

Bence ,Jones 1 ohserYcd in 18J8 the elirniniltion of a snhsuwee 
which in 1 i')6U was rediscovered and desel'ihcd hy Killinc.'.! Sn1l
sequently observations have heen made IlY )Iatthes):J Ellinger, -I Magnus
rA.n-,v,-' Jochmunn awl Schullllll," Grntterillck !llld de Grnafl:' aml 
hy Parkes.::: In all case;,; snfficiently carefully examined, the patieuts 
were suffering from sarcoma of the marrow) and only in the case of 
.Tochmann awl Schumm from a true or,teoIUnlltciit. The pittient,"i 
excreted Bence Jones' alhumin ]n ahundant, and jn some cases even 
very abundant amounts) either dnring the whole period of the disef\Se 
or a.t least during some time of it. 

EHinger has succeeded jn obtal1ling this lJody from the diseased 
hOlle-marrow, although only in ycry small quantities. There j" 

nothing else known as to its origin_ 
The most accurate description of it we OWe to ]\fagnus-Leyy j he, 

l.S well as Grutterinck and de Graaf, fiuccet.,>dcd in obtaining Bence 
Jones' albumin in crystals. Complete analyses have not heeH madc. 

1 Bence JOlles, 
'.! Vol. KubuB, 
~ M. :.\bttbes, 

'76. 
M~diz;n, Wie.~baden, 1896, ), 

4 A. Ellingt:T, Deutsch. Arch. f. !din. Medizin, 62. 255 (1899; (h!~re a completl· 
Ifuount of the Jite.ratlll'e). 

-" A. Magnus-Levy, Ztitilckr. f. pltysi(J/. (11f111. 30. ~OO (1900). 
t1 G. Jochmaun and O. Schulllm., ~'fii.nch. med. WocJwn.schr. 1901,11. 1340. 
j A. Grnt,terhl",k and C. J. de Graaff. Zeitschr.J. phym/ll. Che:m. 34. :~93 {1901!. 
!j Weber F. Parkes, J(IU;n. 0/ Patkol. and Bacterid. 9. 172 {1904) (here ill ginm 

I complete account of a.ll the clinical ~a.'Sesl. 
2 J~ 
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EHingel' fiJUIHl 15';)9 and Magnus-Levy lj'57 per cent nitrogen. 
Among:>;t it~ dissociation - produets Spiro found lencin, tyrosiu, 
gluta,minic acid, and ammonia.,l hut no glycocoll. .Tudging hy the 
colour-te:o;ts it abo conbins tryptophane, uet.:'l.chahle sulphur, anti a 
carbohydrate. Phosphorus irs ahsent. 

On heing heated Heuce .Jolles' albumin heha\'cs ill a characteristic 
way. It bl:'cumes coagula.ted hetween 50~ and 58\ lmt on Leing 
heated still more it plL:lses into solution again if there he present all 

,~bulld<tncE' of ammonia-salt" 01' Hrea. The nitric acid alld alcohol prf'
('.ipitatcs <tho n:di'lsol\'e in the prcsenee of ammonium ebloridc, and Oil 
("Doling tlH' i'Oft2:11111111 reappears. As urine constantly eontaim urea 
and nnl1ll0ll"illlH chloriue, the coagulum di"appears on being heated 
hpJ'.owl ;),..:, awl this hrt}J}lcn.;; i->oHlctimes eyen with tht' 'apparentl.), ) 
pure sllh:'ltancl', f<)r which rea"Oll l\.libll{' hdd the alhumiIl to he an 
albumose closely related to hctt'rn·a.llmnlOse. ;\laglllh;-Lt'\'Y, lwwcycr, 
has show1l t}l1l,t the body cOllgubtos j£ h be teli-ll,Y pnr('; furthel", tlwt 
It is Ilenaturalised by alcohol ana otht'l' precipitating tlgcllh; awl that 
jt, i'i COIIVel'wd into acid·alhumin or alkalj-alhuminat,~ whell it is :wted 
upon hy fn,irlr strong ~cid.s or alknlies. On being digested with 
pGp.:;ill it yields the ordirl!tfY aHHllltOS€S and peptones, lmt 110 hetcro. 
alhmnos0. It must, therefore he it g<:>nuine ~tHJUmill. In other respect.s 
t.his hody shows the usnal reaction., towards precipitating agents. The 
limits fot' ammoflium sulphate arc !Jetween 4 and 6, and they vary somc
what according to the purity of the prepal·ation. Magnc::.ium slllphMC 

does not pl'ecipitatl" while :,odinnl chloride does so hoth in neutral alld. 
in acid fiointiolls. Grutterillck allJ de (~r'lafr oJltained thi~ albumin in 
a crystalline form ou ui;lng a III l1cr cent ammonium-s1l1plw,tc solution 
\vhich wa" subsequently aCI,ittied with sulphuric (tcid. The ammollium 

.$..1)Jp..b"JJ,,,, POJJJi! JIl' rep .. bclv;l ·~F .1).VJg.lws.i.1mJ- Dr -'1ir)p-.omJ1Ab.'].tl\ $.O.o.imn 
chloride 01' ammonium chloride. and the snll'hnric acid hy hydro
~hloric acid. In 66 per cent alcohol this albumin is insoluble. It. is 
very readily digested owing to the ahsence of hetero-alhnmose and of 

gl:vcocol1. 

The percentage-amount of aUHlminous suhstances in plants, taking 
these as a whole, is so lo_w that these albumins have received. vt'ry little 
attention from chemists, if we exclude"-the investigations of Bokorny.l 
The seeds, on the oLhcr halld, wit.h t.heir large amount of .stored alhumin, 

1"""-: cMagIIU8·Le\y, ZeiJ.lIc.hr./.physiol. Clwm. 30. 2Q.o {1900.', 
2 Th. BOkOTUY_ PHi/flr:T'S A~k. f. d. geJJ. Ph.Jf,u·ol. SO. 48 (190()}. 
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ha.ve been investigated ycry thoroughly, StartiJl(~ with Utl\li(' a large 
numher of papers have heen pnv]i;lJeI1 Jeal]n~ with thc.,~' readily 
:Lcces~ible n.nd economically very important h()dicR. W"-e OWe to Hilt
hansen 1 a special dcht of gratitllde for the UU,{_\flll way in which he 
analysed, and also determined the soluhilitit?i; uf, a large lllull"her of 
different ,._lbnminous sub!5tances belonging hI the cereal:. lunl to pulse 
(helms, peas, IUIJines, etc.). As the methods employed h~' Ritthtwsen did 
not guarantee that he h:.\d isolated chclnical indiYirluals, his ohsen.',l,tionR 
received for a long time little attf'ntion; lmt thrflugh the work of 
E. Schulze Il,ud Kossel, who analysed ltitthl1usscn"'::\ snhstanccs, the im
portauce of the latter's investigations Wfit' proyed. The dissocintion 
products are given in the Tahles, pr, 41-72, Kos. 13 to 24. 

Better defined from a chemical point of \,ie',\' are a series of albu
min., which O('cUr in a crystalline form 2 in llCmp, th{' Paro'HlUt, in the 
seed::; of th(' encumber, and in thc ea"tor-oi! plant. Thcfie nlbumins 
have also been prep.:'lred in n efystallinc form frOlll their s.olutions,:l 
and the,v were the only crysta,lline allnuuins known tin egg- and serum 
album!J) "ere cI'y:o>taIIiRel1. At, present cdestin and oxylw~moglobill are 
proba.bly the two purest alhnmi1lous :mhstnnees we possess. ]\lore 
recently this group of substances lUtR hccn innstigatetl especially hy 
Oshorne (see latt"'r). 

Most of the vegetable al\JllIuillS are giohulim, I.t. lu:id-alhnmill" 
which are insoluhle in pure water, but soluble in sa.lt-solniions, alJd 
precipitable hy dilution ltnd H,cidification j they are known collcdjvely 
aB phyto-globulins. Some of the vegetable aJbumins contain phos
phorus, ano. not merely ILS au admixture, in their molecule, according 
to Liebig,4 Ritthausen, Palhdin,:' and \Yiman." They resemhle the 
true nueleo-;:dbumins in being insoluble in neutral Mlt-wlutions, hilt 
they are soluble in alkalies. Liehig gave to these sllllstancb:; the HRrne 
of vegetable casein, hut they arc nOll', following VI'" eyV ui'\ually eal1ccl 

ilu GetTelil~(Irfell, 

oj' his (rVIII and that of lji~ Jlnpil~ 
()}U'fI.; lH~r!.' al:-o the older literatnrr). See al<;o 

269 {lstl); 16. 293 awl SOl : 18. 236 
C!UI/I. (2) 23. 412 (1861); 24.222 uwl ; 25. J30 

'i Hurtig, Bow/niko"Ztg. 13.881 (1855); 14. '15i. 2{/i, :l1ld :;13 ,:H,;)o}: )fllsd,ke, 
If,id.. 17. 409 l~!ltl 417 (1859). 

a G. Grliuler, J')1JNt.j. prakL elif>m. 131. fl, (18i:H); O. :-;cimll(:'(hoherg, X"ll~~hT . ./. 

Chem. 1. 205 (1877). 
J. v. Litlbig. Liebig's Amwlen, 39. 128 1)841). 

~ \V. Pa.l1adin, Ze,jt~'frJtr.f. Biol. 31. 1\:11 \18{l5). 
6 A. WiIDIl!l, NalJ/.sJahrosber. 27. 21 (lS9i}. 
7 Th. Weyl, P./lwJer's .1'1'<:11../. d. f/eH. Pkl/~iol. 12. 63.'.i (lS76~; ZeifllChr.f.l'''.'IfioJ. 

{'Mm. 1. 72 (1877). 
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phJt(l~vitclliws. "-hat makes the investigation of t,bese compounds 
especially difficult is the pn~senee of cOllsiderable amonnts of salts such 
as potassium-, ca1eium-, or magnesiunq)husphlltcs, OJ' of alkalies in com
hination with organic acids. Thcf:lc salts afe frequently the real cause 
of the acid or alkaline reactions given by phyto-vitellines. Tannin is 
frequentIy also present, and will precipitate aIhumins_, ",hencnr the 
reaction becomes <toid.] In many instances t,he salts of the aJbumim, 
hayc been stlHlicd jnsi.ead of tb(· free alhnmjnH/ and ill other cases 
f>pecial tledllctiow:; had to be made, to allow for the ash constituents 
which have been e;Lrrif"(l down mechanic,tlly during coagulatIOn. Fo!' 
all these reasons it is, in mlmy cases, impossihle to t,ell whether we 
are dealing with globulins or with yitellines, amI fOl" this reason all 
these alhumillous suhstances, being biulogicallr allied, have lJCcn dassed 
together. Pnlhdin:"! has ShOWll that the s{Halled pbnt-wyosin is 
merely the calcinm salt of vitelline (Cohnheimj. 

1. Edestin 

\YeyV Bchmiedeherg,·! llrechse}/' Chittenden and H;lrtwelJ,n and 
08hol'lle ~ haye found in the l)ara-Ilnt (Berthollctia) an alhumiIl, the 
lime or magnesium salts of \\'11ich crystallise out in well-formed octo
hc~lra. Grhbler S awl Hitthausen H found a similar albumin in cucumber 
seeds. Suhse(luently Uittbausen,fl Oshorne,lO Chittenuen and Ml:'ndel,ll 
Leipzigel',l:! and others prepared from hemp-seed a suhstance which, in 
its composition and aU its properties, fully agrees with the globlllin 
prepared from the Para-nut, and which has been called' edestin ' by 
Osborne. Later on Osborne obtained edestin also fronl the :seeds of 
the castor-oil pbnt,lO the tlax,lO the oat,13 C'ucumber,lQ maize,H .. Efferent 

Clu'lli. 24. 2,";7 
; T. (1 the Amn·_ 

/.11. ges. PhllSiol. 12. 6;)5 (1876>; Zeitsc/o·. f. pll,I/S1{"z 

C/wn. 1. 
('/ww. 131. 9~ (1881); O. Schmit:deberg. ZeitschJ'.j~ 

elM'''/, 
E. Drechsel, J01lnl. f. pl'akt. Ohem. (2) 19. 331 (18i!:!). 

ti R.. H. Cbittenden and J. A. Harhn~ll, Jounl. ({ i'hysilll. 11. 134 (1R90) . 
.. '1' • .B. Osoorn{\ Amer. Gluml. JOII-I')I. 14. No. B (J8il3), 
'G. Grabler, JO!Ir7l.f. pmkl. Chou.13I. 9i (1881), 
" H, RitlhMlt!{:ll, il.id. (2) 23. 412 (1881) ; (!,l) 25. 130 (1882). 
10 T. B. OSl>Drllt'. A/)l(Y. 0h"nJl. Jllln-R. 14. !\o. 8 (1893). 
II R. H. Ghitte~den and L. B. )lendel, Jount. of Physi,)l. 17.48 (1894). 
l~ R. Le~r} P/WgefS Arch, f. d. "fles. Physi()l. 78.402 (1899). 
13 T. B. Osoorne, Amer. CJmn. Jom'n. 14. 212 (1893). 
H '1'. B. Osborne, Jr>ilrn. of the Americ._ Ckm. Soc. 19.525 (lS9i). 

"",-
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nnts/ snnflowers,2 lentils,:'; W'ht':-lt.1 rottm);' m:ul Jllalt_<\ _-\8 in the 
case of the IWl'ulll-aHmmius. so hcrf' it is n~lT dini(,lIlt t{l sar whether 
we are alwa,ys deftling with one and the same suilstanee, as the di:;
tingllishing feature:; are Ycry ill defined. The edeMin from hemp·seed 
has heen ID0st ful]y inYBstigated. It .. iUl!il_ysis giycs tb('se fignre.<;;;-

The specific rotation, rtccording tu Chittenden and }lendel,s j,;; 

- 43'4R. Its dissociation-product" ~u'e giYcll in the tallJI' OIl p. 71, N/). 
12. An t,he amino-acius are present. Euostin, next t() glohulin utH] som(' 
qf the protamins, is the hest ana1ysed suhstance. Acc()I'(ling to Erh n 

and Oshome U all the c()lo\lr-te~t", except that of :;\Iolisch, give positive 
results. TIw precipitation-tt'sts gi,'€ the same rewlts as in Uw case 
of the glohulins, and the mnnhers obtaincd with the salting-out method 
are also t.he same as fl)r glohulin) accordinf! to u."horneY' The hydro
chlorides of edestj1) hltYfI been im'('/',tjgat.ed hy Err, 1" and OshorJl{~, 1';' 

and the lime and magnesium salt" liS ;';cLmiedel,erg,H, Dre(,hsel,Hl and 
Griihler.:''(j AR alrcad~' mentioned, the compo,;itioll and the reactions of 
edestim prepared from diilercltt sCNls do not differ from one :1.tlother 

! T. R. O"llOrne awl J. p. Ilafri." ,filum. AflIO', C/i.Oli. ,'-i.t. 25. ,~4>J (lP03). 
:! T. B. O.,h(Jflle itlld G. l". ;I,id. 19.48;- (18fI7'. 
;; T. B. O"bOMt{·, 20. M~ 
4 T. B. Oill,onw and C. G. YorlH'(:<\ ,I/liN. Oll"fli . .IWI'rI. 15. Xo. V (l804); T, B. 

Osborne and C. G. Ynrllc('R, C(>/II1. 

\:. Osborui' all,1 Varllet,;, ihid. 
1\ T, B. OI'1iorw, lUid G. F, illl'd. J ,,,~;,, p. 2:}9. 
7 H. Rittl181lSelJ, .1(;1/('tl.,f. ('''''",. (:2) 23. 4}:! 0.s81); !;!) 25.]400882). 
8 R. H. Chittendell am] L. yjl'll/1d, .1'1"111'11, 17. 4~ 11891J, 

~ T. B. O~h(Jme, ,1m;:r. UII8N1. Jllln',I. 14. Ko, 

111 T. B. Osborne, (}ol1n. p. ·J4.3, 
H E. Xbderhsldell. .f. pli!/-'Iilll. f;/i..e"l. 37.499 (1903). 
12 W. ilIl.W;mallll, (hid. 29. 136 0900j. 
l~ W. Erb, Zcitsclu'. f. Bid. 41. 309 {I90}/. 
H T, B. OS(Jorne and J. F. 'HIHTj,~, J01ml, A mer. CJu'M. Soc. 25.414 (1903). 
15 T. B. Osborne and J. F. Harris, ibi,l, 25.8370903,. 
16 W. Era. Bio!. 41. 309 (1901). 
17 T. B. O.~MI'/le, ('lvM. 33, 225alld 240 (1901). 
IS O. Schmie,leoorg, ibid. 
19 E. Drechsel, JOU7'n. f. prllkt. ('Ncm. (2) 19. 331 (1879). 
20 G. Gnibler, ibid. 131. 97 (l881). 
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very considerably. The most recent estimations by Al)del'h~lden 1 arc 
as follows;-

2. Plant Caseins. Phyto-vitellines. Legumins. Conglutins 
Undor thb heading a number of suhstance:; have heen classified, 

which arc inRolublc in water and in salt-solutions, hut soluble in dilute 
alkalies, and precipita,hle from their alkaline solutions hy means of 
acids. According to \Yiman,'.! the legumin of peas cont.:'tin::; 0'35 pel' 
cent phosphorus, and yieldtl on peptic digestion a pseudo-nuclein. It 
is therefol'e a lltlcleo-alhumin, and seems to be identical with the albu
mins of lupines and of other pla.ntR described by Palladill 3 anll Vines.'!' 
A phosphorm;-conmilling l~llJUU1in is also containeu in wheat, according 
to Morishima.G • 

},egnmiu gives the reactions of llucleo-albumins j it can be coagu
lated ollly purtiuJly-, and is dcnaturaliRcu II,}' alcohol only very slowly. 
Sulphuric acid, if in excess or on heating, redissolves the precipi
tate; the hiuret-reaction is not yiolet, but red. Because of this colour
reaction, their nitric~acid reactioll, and their partial coagulability, these 
sub~tances have occasionally () been classified with the albumoses, but 
this is not justifiable. 'Veyl's';" plant-myosin, which coagulates be
tween 55" aut! 60"', is, according to Palladin,3 the lime salt of vitelline. 
The following vitellines have heen investiga.ted more thoroughly;-

(II,) The gluten-casein of ·wheat. "It fonus the, in alcohol, water, 
and salt-solutions, insoluble fraction of wheat-giutett. It has heen 

J E. Ahderhalden, Zeitflch.j.pJI}/siol. Chem. 44.265 (1905). 
2 A. Wimal1, Jlaly·~JaMesbcr. f. Tier,c1lelll. 27. 21 (189i). 
3 W. Palladin, Zeit.'l:hr. f. Bioiog. 31: un (189b). 
4 S. ll. Vines. Jt:ntrn. (if Ph!I'liol. 3. 93 (1880). 
Ii' K. M()tj~ma. Ar&< .. r. ~p";I;im. P«tJi. u. Ph«rm. 41. 345 (1898). 
IS g. .. ffr Manill, J;:IWfll~ (!f PhJ!siol. 6. 336 (1885). 
'7 T. We)'l, Zeilsclu·. J. lJhY$iof. (..'hem. 1, 72 (1877). 
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analysed hy ¥. Ritthausen 1 and OSb-nnlt:!.2 The diss(lciatiQu-product~ 
are given on p. 71, No. 17. 

(&) Plant-cat$eins from other cereals. Similar suhstance~ huse also 
heen found in rye,;l maizc,4 spelt/' and barley.f' They constitntf'. 
twarly 5(1 per cent of the tot,a! albumin. 

(c) Le;;umins hom pulse. Hitthausen~' hns fOlmd ulhumins in 
oats, hucb.vhea,t, and especially in the difreTcllt forms of pube: pea~, 
vetches, beans, ICl1tils, etc. The "lbumiJls caned legumins hy Hitt
bauscn are gloLulins, according to Oshorne, who has examllH'o a. larg" 
number of these substances.' The dissociation-Ilroduet.',; nre gi ... ·eu on 
p. 72, No. 19. 

(d) Gonglutins. This name has been introduced by Hitthanse:1 
for t}le albumins of lupines, almonus, nuts, etc. Analysf>s have beeJ} 
made hy Rittha.118ell and Oi:;bornc. S The dissociation-pl'odnds are 
grFtm on p. 72, No. 18. The congllltills itre of e"pccia] interest 
hecaus{> of the physiological l'ef3eardlCS which E. ~dlUlze made into 
the gcrmillatiul1 and metaholism of lupines. 

3. Alcohol-soluble Albumins of Cereals 

({/luten:fihrin, 3J"lIceriin, Zein) 

lUtthausen was the nn;t to point out that the seeds of wheat, ry~, 
}Jarlcy, malze, RJJd oats conta-in, in addition to plant-clL;;;ci~lS, otlle) 
albumins which are insoluble in water anll in salt-solntions, hnt 
readily l:i(Jluhle in dilute alcohol. These aJcoh(J1.solnhJe bodies, along 
with the insoluble gluten-casein, form the so-called gluten, an adhesive, 
glue-like material, which gin~s to dough its toughness. Because 
gluten resembIes fibrill, W~eyl and Biscnoffb' have as~umed an albumin 

1 H. Ritthau-sell, sw p. 3il, 
-.! '1'. B, Osi)orn,! a.ud C .. G. Vurilccs, .llner. C/lmil. Jr.urn. 15. :392 (1M3). 
;) H. Ritthau~ell, !lee ahove, 1). ~il; '1'. B. O~h(Jrnc, J01trn. Allier. Ghem. Soc. 17. 

4:2.9 (1895). 
~ H. RittlJ<~u.'!eJl, .~ee abon" p. 371; R. H. C'hittend.cll J.lIlu'1'. B. ()'~l}{)ITlI', A mer. 

O/t.»II .. ,1(JI/TIl. 13. No. I, and 14. No.1 (18£12): T. B. Osh':)nH", J()"I(m. "lm"r. Cllelll . 

• <;(!I;. 19. 525 (1897). 5 H. Rittha1.l.scn, see 111)(j\'c, p. 3i1. 
1\ H. RitthallJiell, ~e~ ahove. p. 371 ; T. B. Oshorne, JOIl,rn. Amu. Ghem. Soc. 17.539 

(1<'-;9.0). 
:; T. B, Osborne, ihid. ~ , }~iqna {}aljang,' 19. 494; 'Pkasedus radial/I!;,' 19. 509 

{1897j; 'Pea,' 20. ~48; 'Vetch,' 20. 406; , Vieia Faba,' 20. ~-j93; • Glyc-ine Ids
pida.,' 20. 419; 'Pea., Lentil, Bean, Vetch,' 20. 410 (1898); 'PhMeolu8 ndgar-is,' 
umn. Agric. Brper. Siotion., 1893, P. 186; 'Cotum,' ibid. 1893,]1. 211. 

B T. B. O.~borne, wid. 19. 454 (189-7). 
, T. Weri and Bischoff, lkr. d. delitsclt. ch.em. Gnl. 18. 1. 367 (1880). 
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to exist in wheat comparahle to fibrinogen, which is coagulated lly 
ferment actioll. .lohannsen 1 find Oshornc:: have, however, shown the 
incoI'l'cetncss of this view. In other cereals the formatiOJI of gluten 
is leI's pronollllCed or is absent altogether. The alcohol-soluble whcat
gluten, the plant-glne of the olrlcr authors, nitthausen thought he 
could fractionate in respect of their aleohol-so1ubilities into three 
l'iuhst,.'tnces, namely, gluten-fibrin, gliadin, and mucedin. l\iinig and 
Hintelen;; h,l:n~ cunfirmed Hitthauscn as to existence of three alcohol
soluhle proLl'ids. Kossel an (1 Kutscher 4 then showed that lysin is 
<l.bseut in the alcllhol-solnhle alhumin of '\ylh'at-glnten, while it is present 
in Bit.thausen's water-soluble gluten-casein. Gliadin and mucedin, 
according to Kutscher," yielded the same dissociation-products in the 
same quantitifls, and were therefore prohably identical j while gluten
fihrin was different, RS much less glut~Lminic acid could be ()'Otained 
from it. The yjew of 1\1orishima Ii that gluten is composed of one 
sullstaJlce 'artnlill' is certainly 1vl'ong.7 Ushornc and Yoorhees 8 and 
OsbornI:' and Ha.rr]::; 9 state, howcnl', that there is only one alcohol· 
::wluhh' proteid prpsellt in wheat, which they caB gliadin and ,,,hieh is 
dmmderised hy all excet;dingly high percentage of glutaminic acid, 
for the milleral 1tyerage of the htter in four preparations obtained h:r 
treating gliadin with HCL amounted to 36 per cent, the highest 
figure being 37';1 per cent, and after hydrolysis with H:: 804 to 
25'3 per l'ent. .,According to Osllol'lle and Harris, the statement of 
Nasmith HI that, the alcohol-soluble protcids contain phosphorus is 
wrollg. 

By digesting the hydrochloride of the wheat-gluten 'artolin ' with 
pepsin Hayashi 11 found it to become com'erted after a short digest jon 
into an albumose, the' artose' which, apart from a higher water 
percentage, possessed the same (;omposition as artoline, namely, 

I \V. Jobl.l.m;;.en, Tl"M.'(!U.~ dlt luuO-)"fl.t()ire de 
~ T. B. Osborne awl U. S. ('onn. 
:< Killlig and Rintelen, Zcitscltr. ~·lIte-lW. 401 

(1904). 
4 KOl'sel aud Kutscher, Chon. 31. 165 (1901). 
5 F. Kllbclle:r, ibid. 38. 111 
Ii K. Mori~hill1a. Arch. /. e,>:perim. u. Pllarm. 41. 345 (1898). 
'; A. K(>ssd all,1 F. Kut~cller, Zeitschr./. phYNiol. Chem. 31. 165 (1900): F. Kutsdler, 

il'id. 38. III (1903). 
II Oshorne and Yoorllees, .Iml'r. Ckem. Journ. 16. 392 (1893); T. B. Oshome, 

, Wheat'- ibid. 15. No.6 (1894); COli 11. Ag)·ic. E't,PM". Station, 1893, p. 175; 'Rye.' 
J(y!l.rft. Amer. Clum. Soc. 17. 429 (1895); 'Barley,' ibid. 17. 541 (1895). 

9 T. B. Osborne and 1<'. Harris, Amer. Joltrn. r;/ Ph.'lsiol. 13. 35 (1905). 
1(1 Nu.'1lllith, Tran.s. c.ffh.e Oanadian Jnst. 19.83, vii. 
II H. Hayashi, Ardr. f. erperim. path. 11. !'harm. 62. 289 (1904-5).· 
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0lcl,H:2ll~N;,(lS05~ -;- 2 HOL. 

After four days' digestion a jelly-like rompoullJ called llletartosc waR 
split off. It is poor in sulphllI', acid in cha,mcter, and not acted upon 
by gastric juice. 

C31 .·,H;)(UK !)j)SOlO6' 

In addition to the latter a Wftter-soluhle complex with more snlphnr 
is formed, lh'Lmely, Jlarartose ; 

ClzoHlll~N ;;()RO 411' 

aIM tmceR of a water-insoluble Jletero-~lrtose, 

3 (CIR~H2~8Xt,OSO .. ,~) + 12 H20 = 2 (C12()Ull~!X;l()80.1O) 
ArtOSl' }'ararto~\·. 

-;.- C:n"H,,[l.j,K,I(ISOwn 
:'I-let:J.rtos,'. 

After eight days' digestion are formed the indigestible metartosc alld 
three derivatiycs of pnl'artose, namely: 

proto-artose, C Hr,H;lOo~ ".;S/ )ill (rich in S.) 
hetero- C7)I130~;lOS024 
deutero- C15(iI-l144N{080{i(j' (poorer in S,) 

and finally, 
artolin-antipeptonc = CllHl\JX~O~ (no s,). 

The alcohol-soluble alhumjns hn1'o been analysed hy JUtthallsen and 
by Osborne. 1 

The dissociatioll products arc give1l on p. 'iI, Nos. 14 to 10. 
In maize is found zein, which is characterised hy it» soluhility in 

even strong alcohol. Til absolute <lleohol it is, according to Osb()rne,~ 
insoluble, but is re.aiWy soJl..lhJe in .96 per cent ~Jl('_ohoJ, Jmrl may he 
precipitated by the addition of ether. Szumowski 3 has made usc of 
this solubility of zein, ,."hich distinguishes it from all other albumins, 
proteids, and albumoses, in tracing its course through the body. 
Zein is further characterised hy he coming very readily quite insoluble 
in contact with water, and then it is also not readily attacked by 
digestive enzymes. Analyses arc given by Hitthausen and Chittenden 
and Osborne.4 Its dissociation-products are given on p. 71, No. 13. 
Zein does not contain any lysil1. 

1 '1'. B. Osborne, 'Wheat,' A mer. CJwn . .T01(1"'It. 15. No.6 (1894); Conn. Arlri. 
E."Cper. Statio"ll, 1893, Jl. 175; • Rye,' JOllrn • .11111''1'. Chtm. Soc. 17. 429 (1895); 
'&l"ley, ' ibid. 17 . .s411189::1). 

~ '1'. B. Osborne, ibid. 19. 525 (1897). 
3 W. Szumowski, Zeu.I!ch.r.f. physiol. G/lem. 36. 198 (1902). 
~ R. H. Chittenden and T. B. Osborne, Amer. ('hem. Journ. 1892. 
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n'. FIBRlNOGES AND F11>1<I" 

Fibrinogen 

:Fihrinogen, myosin, and casein assume a firm state of aggregation 
whell acted upon by certain ferments. 1 These firm componnds arc 
intermediate between the soluhle condition-in whi('h the suhstances 
mity be ohtained h,v the salting-ont process-and the completel.v~ 

coagulated ~tate into which they pass on becoming uenaturalised. 
When semi-coa.gnhted they are insoluble in water and in salt-solutions, 
but eOllverted int.o complotel,V coagulated, denaturaljstd componnd):; 
hy such agencies as heat, alcohol, and formaldehyde. t 

Hnmsdetl:> compares coagulated alhumins with the tnechanical 
aggregates (see p. 274) which are produced by shaking, and which arc 
a.lso semi-coagulated, Cubnheim i~ of the opinion that this view is 
Hot permissible, hecause, according to Hammal'sten," fibrinogen 'i\'hich 
)Jas graduall,Y lil'come inso]ulJle difters cssentjally from fibrin. That 
Hams(len doe::; not ag'l'ce to this is shO\ .... n on p. 382, 

Fibrinogen is contained in the blood plasma of all Yertebrates, 
As soon as the hlood leaves the arteries, and under pa,thological con
ditiolls ~ven in the hlood·vessels, it is changed hy the fihrin ferment 
into fibrin, and to the latter t.htl clotting of hlood is due. The fluiu 
portion of the hl®u before cOl-lgl,la.tion is call()Q plasma, and after 
coagulation, when it no longer contains fihrjnogen, it is termed serum, 
The first accurate observations on blood-coagulation "'ere made by 
Denis;' and by Alexander Schmidt/_j who lliscovered the fibrin ferment.. 
A great step' forward was taken when Hammarsten 7 discovered the 
fUllction of the soluble lime salts during coagulation; when he taught 
us how to prepare fibrinogen in a pure state, alld when he shOlved 
that. fibrinogen js the only albumin which is concerned in coagula
tion. After Hammarsten, the part played hy the lime salts has been 

1 The most recent papt'r~ on bloOll ferments are l,y P. Morawitz, lir;tindsiC')"s 

6.123 (1904); J, Bonlet and O. Gellgou, Ann. de l'lu-st, PustC'u!', 18.26 (1904), 
2 A. Ardt./ (J/{;1/., I',) l'lqlsivl., Php;i(l1. Abteiluug, 1897, p, 219, 
:J. W. Ramsdell, iUd, 1894, p, 517. • 
.j, 0. IlalUmarsten, Zeitschr. f. phll&iol. Che)/t, 22. 333 (1896). 
~ Delli", ~}(i"lrwil'u surow Saltg. P.1.ris, 1859. 
Ii AI. Sehmidt, Anh. f. (An(d.ll.) [>hY8iol.1861, p. 68:2; E. SRnlSoll·HimmeL,>tjerna. 

[),is<~ert., Dorpat, 1882; AI. Schmiu.t~ Die Leh.re von de-n jermeniatiren Gerimwn!js, 
1}()'/"!j'("iIl(lerf, Dorpat, 18to; co}1ected papers Rhstractetl in Zur Bliltlekre, Leipzig, 1892 
fllld Weitf.'Te Beitriige zur Blutlth-re, Wicshaden, 1895. 

7 0, HUfiuuarsten, Untertm,chu,lIgen -aber die l'a.'i€l'stoffgeriltn1l11g, ]\~fYL'a ada, socier . 
. w:ientla~. Upsal~ ser. iii. YO]. x, ) (1875); Pjlii{!ds Arch. j. rl. !1M. Physiol. 
14, 211 {larttr, i9. 563 (1879): 22.431 (lSBO); 30.437 (l8B3); Zeilschr.j, 
phy,W/. Ch .... 22. 833 (1896); 28. "98 (1899). • 

~. 
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eS}ler,ially investigated hy Anhus. 1 Accoruillg to the Jat,est st41.tements 
of Hammarsten, fibrinogen is prefonned in the blood, and becomes 
coagulated equally well whether present in the Llood or after isolation 
in a pure form. It is COll6'1.11ated by a. ferment which is derived from 
the formed elements of the blood, The leucoeytes or red corpuscles 
do not, however, give rise to the ferment directly, but to its.; zymogen, 
\\' hich is converted in the plasma into the active ferment. Sp<\ce 
forhids to enter more fully into the question of eoagubtion, ana into 
the question as to how pro-ferments arc conn.\rtcd into fcrmeuts.~ 

One fact, however, Hammarsten has definitely proved, nltmely, that 
the fibrin,Jerment, if once forml'd 1 is capable of converting fihrinogeu 
into tihrin, even in the ahsence of lime. Fibrin is neither a fibrinogen
lime compound," nor has lime anything to do with fi},l·inogen or with 
fihrin. The slight amounts of lime, namely, 0·006 per cent, which 
Hammar15ten found in prepamtiulls made from oXI~late--plaf!ma solu
tions, are Hat specific for fihrin, but only correspond to the ash, which 
is present Itlso in other alhumins. 

Fihrin-ferment ha.s the proj1erties of other ferments: it is acti\"f~ 

in very small a.mounts; Hammarsten prepared an exceedingly ad:ivc 
solutioll, which contained only O·S per 1000 of 501i(1 ingredicHts; it is 
destroyed by heat, and also on being ]H~pt for some time in alcohol; it 
c;mnot, of COUl"tlC, be prepared jn a. pnre >;tate. Fihrin·ferment or sub· 
stances \ .. ~hich call forth the coagulation of blood, (W at least hasten it, and 
which (\·tuse clotting even in the circnla.ting hlLlod, have been fOIlIld by 
Alexander Schmidt and by ",Y ooldridge 3 in all organs rich in cell",. 

On the other hand, leeches, crab~muBclej and other hodies conta.in 
substances which enormou~I'y retard coa,gulation on h0ing introduced 
into the circulation. Pick and Spiro 1- found a body giving analogou\'\ 
reactions in the digestive organs, namely, the "peptozyme." This 
enzyme, by attaching itself to the. albuDloses B,nd peptones formed 
during digestion, is the real cause which prevent:; the coagulation of 
hlood if albumoses, 'Vitte's peptone, and other peptone-preparations 
are injected into the circulation. This anti-coagulative property of 
the products of digest.ion was Jis(,Dvered by Schmjdt-Miiblheim 5 and 

1 r-.1. Arthu~ and c. Pagk~ .trch, de l'hysi(!l. 'lI,(/Nnale et pathDlogiqui, 1890, p. 739 ; 
!If. ArtllUs, ibid. 1894, p. 552; 1896, p. 47; awl 'flleSt', 1890. Gooil account of litera" 
ture. See also (Jompt. rend. Sor. mol. 53. 962 alit! 10'24 (1901). A very complfJt., 
arcOImt M thll jjterature jJ;, given hy Lilienfdd. Zeusckr. f. phyb<j(l/.. ahem. 20. 89 (l894). 

2 P. !Ioforawitz, HoI1nei$(~'11 B~itr(i;Je. 4. 381 (1903); DeutsdL An;!I. f. klilt. bled. 
79, 1 (1903); and Hoj1Tl.eisler'j Beitrii{!e, 5. 133 (1904); E. FuM and K. Spiro, 
ibid. 5. 171 (1904). 

j L. C. \Vooldridge, Arddv.;: (Anat. tt.) 1~ltytMl. IS86, I'. 397. 
4 E. P. Pick and K, Spiro, Zeitschr. f. physiol. Chem. 31. 235 (1900). 
~ A. Schmidt·MUlhernl, Archiv f (Anat, 11.} PIll/sial. 1880, p.33. 
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Fano,l That the protamins ~\ct in [I similar manner has been shown 
h,v Thompson.~ Th(' llndeo-histone (Jf the thymus (l,ilienfeld :~) as 
11'811 as other ullmminow:; su))."tances, :lud derinltires from the roost 
divorse organs all act. as anti,coagulatol's. 

(IO(l(lulatiOli-tr>mpf'wtn1't.-The ('oagulation-temperature of fibrina
J;Pll, accorrling to Frf~d(;ricq,4 is 5fjr. ]t is of spec'ial interest that he 
uhtaincd three distinet coag\llation-temperatures, at 56'" G 7', and 7G . 
bclollgiTlg to the three dlstinct all!Umi]lS ill the (~'lse of phsnm; ",hill' 
Kith serum }If) sharp demarcation (ICClll'S hetween 61') and 7"5", The 
reaS(lll [01' this hehaviour is t1w,t fihrinogcll gives ri::it' to fihl'in
glohulin coagulating at 64 0

, and that certain cell-albumins are liberated 
h,v the disintegration of hlood-corpuscles during clotting. 

Fl'(·d,"rie(j!' found in blood-plasma O'42\)~l per" cent fibrinogen, 
"'hUe He~Te ,; ohtainod 0·3·t;9 per ('('nt,. Fihrinogen occurs also ill 

lrmph and in pathOlogical tr;:wsudntiofls. E'ihrinog-en has not been 
prepal'eti in a crystallifl(~ fann.' AnalYhi;:; glycs the fnllowillg figuref;:~ 

j'erc"nt l't)r,'pnt l'erCP}lt., j'PT{','nt. 1'(',.'·l'lll 
I,:l'~la !)'}l ] t)'06 i J ':1;-' :.!:!·:!fi 

1t\'4 
1']:3 

The dissociation-products are gi\'cn 011 p. 71, ::\0. 9. 
Sulphur does not only occur as cystin, accor'cling to l\Ii)l'ncrY' 
Salts of fibrinogen and halogen compounds art" Hot known. 
FihrinogclI shows the general characteristics of t,he glohulins; it 

is insoluble in water) lmt solnhle in salt-solutions. It is further 
soluhle in dilute .dlmlics and in the alkali-carhonates; it is, however, 
precipitated hy the addit.ion of very minute traces of neutra.l salts, 
nnd passes :lga.in into solution on the addition of further quantit.ies of 

salt.s It is also precipitated by dilution with water, by dialysis, by 
the passage of a stream of ca,rhon-dioxide, and by acetic acid. Pre
cipitation IS, howover, as in the case of globulins, ]lot a complete one. 

1 Fauo, Archh·. f. {.!nat. u.} Phy.~i<)l. 1881., p. 277. 
2 W. H. 'l'hompsoll, Zeitsdlr. f. J,hpsiol. Chem. 29. 1 (1899). 
;; L. I .. ilil'nf',;hl, ibid. 20. 89 (1894). 
~ L. }<'!(·dericq, Bun. de l"ACf/.d. 1"O.1Ia,le de Belgique, 2nd ser. 64. 7 (1877) (reprint); 

A 11)1. de Soc. de JIMuine de Gant, 1877 (rt'print). 
~ L. }<'r('dericq, B1(ll. de {'A cad. rr>yole de BiJlg0_ue, 2nd ser. e4. 7 (1877) (reprint} . 
• ; W. R~ye, ])is,oertatioll, Strassburg. 1898. 
'"I S. Driergnwski.. Zeitsch.r. j. physiol. (}hem. 28. 65 (18~9) . 
. ~ O. Hamma.rsteU, Pfluger's Arch.f. d. PII!l~·il)l. 22. 4,'11 (IS80). 
9 C. D. Crs.l\ier, Z~itschr. J~ lJhy.~iol. 23. 74 (1897). • 
]I) K. A. H. MOl'.1ler, ibid. 34. 2Q7 (1901). 
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The salting-out limit,:; fur ammonium sulphate axe given h~' Ht,yu 1 

\8 lying between 1'7 to 1'9 and 2-5 to :::'~, aecording tn the l'OlH'entratioll 

)[ the solution. As the lower limit for glolmlins lies hetwct'Tl ~'i a.nd 
)'1, Heye obt.:"Ling fibrinogen by adding to 100 parts of plasma .. 1:{) partt::. 
)f saturated ammonium-sulphate solution. Magnesium ~ulph<lte and 
:;odium chloride 2 salt out fibrinogctl even hefore cOlllplete fo,a,tUr:ttlOll. 

Hammal'Sten ohtains his pure fihrinogen by the addition of illl cqu:\ 1 
vulume of saturated salt-solntion to p1a~ma, and ohtaim ill thil; way a 
[Jure preparation, hut oilly in small :tmounts. Horse's hlood is UlOl--t 

mitahle, hut other blood may be used if its coagulatiull has llt~en pre
\'ented hy the addition of 1 : 1000 of sodium (lx;J,l;{te or' sodium thwridc. 

If one wishes to examine pure coagulated fihrin, it is bC6t to heat 
blood-plasma yery ca.refully to 56°. Thc fibl1ll prepared in the usual 
way by beating hlood with twigs nlways contains cell-remlUtnts, 
hremog]obin, and lnrge amounts of glolmlin; it mUM., in addition t-o 
w~1ter, be also washed Ollt very thoroughly with :) pCI' cent sodium 
chloride, but it is eYim then ,'ery impure. 

Precipitf~ted fibrinogen is a tough, very elastie, glutinous body (If 
the consistency of coagulated blood. It becomes C\'cn more ra.pia1y 
in~olnble than do all the other globulins, it beiug quite immaterial 
whether it be precipiu-I.ted by water or acids or snlts; thiA uen.'lwral
isa.tion occurs ,yith special rapidity in the presence of lime salt~,l a 
phenomenon met ·with to it ecrwin extent ln all allmmins. The in
soluble fibrinogen is absolutely distinct from the con.guJatcd fibrin, it is 
a true denaturalised albumin.s )tIall), erroneous statements 3 are due 
to no distinction having been made between this coagulated fihrinogen 
fibril! and the readily formeu insoluble fibrinogen-lime compound. 
Even when in solution" fibrinogen rapidly detcriot'atel; and hecomes 
uncoagulable if dialysis he prolonged too much. 

Fibrin 

Under the influence of the fibrin-ferment fiLrinogen is changed 
into fibrin. How this is hrought tkbout is not knowrl, but whenevcl' 
fibrin is formed, an albumin, the so-called fibrin-globulin,'" remains in 
solution, immaterial whether fibrinogen is coagulated by being warmed 

1 W. iWve, ,J[cdual lJiS:iei'lati01" Strasshurg, 1898. 
~ O. Ha;amarsten, l~ttti.uer'8 .irch. j. d. (les. Physid. 22.431 (1880). 
:0 O. Hammarsteu. Zeitsch.r.j.phYfIial. Chern. 22. 333 (1896). 
4. O. Harnmll.r,,;ten, l'.fldfJer's Arch. /. d. {les. l'hysivl.. 22. 4;:n (18BO); 30. 437 

(1883); Zei-kckr. j. pJt.IfM. C/Wit. 28. 98 (l899); L. Fl'L~Mricq, Bull. df <".del/d. TO'Ij(fjf; 

lit. Bdgiqllf', 2nd ~r. 64, 7 (18i7); O. Halllumr;:.tell, Zeitsckr. j: phyS'iot. Ult-em. 22.83"3 

("96). 
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to 56', or is precipitated hy acetic acid, or is acted upon by the fib-in
ferment. 

The process of fihrin formation is represented by Halliburton 1 in 
thf_\ following tabular way:-

Iu the plasma ':1, projl:id 81\h
"tlLnc(~ exist", called: 

}'ihrinogen. 

From the colourless corpusclef'. a nucleI) 
proteid i ...... hOO ont, called .-

Prothromhln. 
B,Y the action of c::alcium salts protbr(Jw

hin j" c/mw>rted into fibrin-ferment, or 
'fh"muLin. 

T1Jr('ll1hiu ad" on fibrinogen iu ",Heh a way tbat two ne'" f':nLstance,; are furmed. 

-----_/"------ --
i 

{Jne of tllest' \S Illtillll'(lI'tant, viz. 
a globuliTl (HlJrino-glplmliu) which 
!'cllIaiu" in S\JlutlOlJ. It" Ulliount is 
"pry MnalL 

Thl' ot,her i" 11ll1101'taut, 
flhl'ill, which I'!ltangl!:.'" t}!(· 

pll"rle~, and ,,0 form" the eJqt. 

This fihrin - globulin has the sanle solnl,iHties as hay\! other 
~lllhulin:,;, the same precipitat,iordimits for ammonium sulphate as hal; 
tihr'ilt(lgen, and a coagulntion-tempcl'8,ture of 6r. The percentage 
cDmpusitioll of fibrinogen, fii)J'in, and fibrin-globulin is sumewhat 
different. SCI'I1Il1 v.Jway" cDutains fibrin-glohulm. 

Lilienfit'lJ.,:: Frederikf5e/ SchDlie{leber.w~ aml Heubner;' are of the 
opinion that coagulation depends on a hydrolytic dissociation of 
fihrinogt:'Il into fibrin and fibrin-globlllin; Hammarsten at one tiDle 
also helieved in this view, but now he heljen~s Ii that fibrin(Jgen is com
plct€]y ell/wgefl into fibrilJ by the fibl'ln-fcnnent, but that only a. 
portion of the fibrin is precipitated, while the reet remains in aolution. 
All investigations into this matter are very difficult, as fibrin mrries 
uown other albumins with it when it is being formed. According to 
Hammarsb;n,{; 77 to 80 per cent of fibrinogen is convert-ed into fibrin, 
while Heubnel' gives lower figures. 

Hamsden, in a paper llot yet lJablishetl, states that fibrinogen
solutions, free from fibrin*ferment, can be made to yield' mechanical 
surface aggrega.tes' indistiugl\ishable from typical fibrin, anti that 

! Halliburton, Ilandbook:of PhyBiology, 1904, p. 414. 
~ L. Lilienfeld, Zd(..r;ckr./.ph!lsiol,. Chem. 20. 89 (1894). 
~ J. J. ENderikse, ibid. 19. 143 (1894). 
1 O. &~mi~, Arm.f. exper~. Patkol. unci P/ta,rrnak. 89. 1 (1891). 
, W. B •• _, ibid. 49. 229 (1903). 
11 O. HaUl'lllaxsten, Zeitschr. f. phvsiol. Chem. 28. 98 (1899)~ 

"*' 
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fibrinogen, mechauically-produced fibrin, and ierrnent-produ('{'d lilll'in 
have the Mmc hcat-coaglliatlf)U temperature, 5:r)-5~'. 

The necessity of 'tihrin-ferment' for the normal coagulation of 
liloodphsma is beyond question, hut there is no evidence that tlw 
change produced by it is chemical, The facts at presfmt known are 
consistent with the yjC,"l' that the clH1llge from fjh,:illogen to fihrin. 
however produced, is purcl,v physica.l in na.ture, alld IU\alogou~ to the 
coaguhtion-change in certain inorgH.nie ('olloids (lulmflden). 

The ohservations 011 which Ulienfcltl hased llis theory (Jf blood
coagulation are of great interest in this connection, a:; "howing that 
fihrin can he ohtained in the absence of any fihrin·fl'rmcllt fir pl'O
thrombin II}' the mere addition of calcium chloride to a.lkttline solutio1ls 
of tihrinogen poor in sodium chloride. It is mnilltained by !{:\.1Usdoll 
that typical fihrin may l)c oht:1ined in i\t ]eaRt four different WttYB, 
and that ill Hone of them is there evidence of chcmicnl chattgtl :-

(1) 135- the I.wtion of fihl'lu-ferment on iibl'jnogcll-~ollltion". 
(2) By thy action of appropriate f'h'ctro]ytes-LjJicJlfeJd fihrin_ 
(;{) By the m(~ehltnical aggt'eglltiollS ~tnd jmpa\~tiolls of the surface 

cO<1ting of fibrinu[;ell-801ntions--mechrmieal fihrin. 
(J) By the spont;l1lCOHS ch<~ngc of precipitated fihl·inogc1l. 
Boo", t.he agglutinins and precipitius of the pathoJugiRt produce 

tlH-il' specific effect, on the surface tension of the 8u"pcndcd bact.cria or 
proteid particles in colloirl solutions, in rirtuc of which bacteria or 
colloid particles clump together or ngglutinatc, i:-; unknown. 1f tile 
chango ill f:.urface tension should. prove to he indepenuent of allY pre
cedent chemical cha.nge in the hacterinl enn~lop€ or the suspended 
colloidal par-tides, it will he possible, R.lmsden points out, to regard 
pl'ccipit,jns, agglutinins, fibrin-ferment, :wd electl'olyt,ps as all playing 
essentially similar parts in producing' precipitation, • c1lImpillti,' or 
gelation by altering the sm'face tension of fine particle>; in o;Hspenaion. i 

Fibrin-ferment might thus be regarded as a specific precipitin for 
fibrinogen, differing from other precipitin" only in the fact that it is 
deyeloped in the organism in response to the presence of a normal 
constituent of the hlood, wherolJ,S the precipitins investigated hy the 
pathologist are produced only in response to t he presence of rmrr 
stances which are not normal constituents of the l,lond. 

Fihrin is a tough, strongfy elastic, jelly-like substance. It is very 
voluminous, as, notwithstanding its sma.Il amount, it converts the 
whole of the blood into a. solid. It is deuat~ra1ised hy heat, alcohol, 
fonnaldehyde,2 and prolonged action of salts, Changed in this way 

I The author believes all alterations iu sUlia.ee te'l!o~ious t.o depewl (In clll:Wlca.1 clJ.mgc. 
2 A, Benedicellti, Arch,f, (An4l. u.) Physwl. 1897, p. 219. 
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it heha,vcfi a:; does ~my oth(·r cO(l.gnlated nllmmin. As long as it is not 
cuagulated, it if" to a certain extent soluble in acids I and alkalies, 
llCcordillg to 1.iml,(J[lig,2 and also ill urea, according to Spira.s This 
passjng jnto solution depend"" howeveJ', prohahly OJ} the formation of 
,tcid.~alhumins :nul of all{ali -alhuminates, ''''bile its solution in ycrv 
(lilute CLcids and alkalies, as well as in salts (Fermi, Limhonrg), mu;t 
he expJaillcd as due to the presence of proteolytic ferments or their 
zymngem, \\ hii'll are absol'heu into the hlood, and which are preci
pitated 011 the fibdn whenever t]w latter is formed. Fibrin also 
fl'eqnently encloses considerable amonnb of serum-globulin, which i& 
liherated when fibrin is digested, and this liberated globulin led the 
older invest.igators to 13t.ate that globulin ·wa" the first product of fibrin
digestiotl. P('p~in and trypsin attack fihrin with great readiness, and 
ItttcntioH hIts alwf).tly lJcell drawn to tho bct tbat fibrin has heen 

\\~cd for luan}' experiuH'llts on digestion. 'Vitte-peptone is said to he 
digcRted fihrilL. 

Hallihurton" "prepared from the blood of crayfish ~1 fibrinogen, 
which, ,1pal't from hu\'ing a coagnlation~tempemture of fiG", be1w.Yes 
in eyery other respect as does that of yertebrates. ]~oeb;' has 
"tndi('(I't.}1(' resemhlances anll the differences in the coagllhttioll of 
the hlood of ycrtehrates (guinea - }Jig, birds) and invertebrates 
(ru'thropods). 

V. TnE l\fcscu;-ALllUMINS 

The fluid contents of the sarcolemma-sheaths of striped muscle~ 
or the sarcoplasmlL, contains peculiar albumins in solution, which were 
first investigated h)' Kiihne/ and then by Hallihurton 7 and v. Fiirth.8 
K iilme prepared a mllscJe-plasma by fl'eezjng frog-muscJes, and then 
pounding them to hreak up t.he sarcolemma - sheaths. From the 
plasma so obtained he isolat.ed myosin, which, by coagulating 
Rpontltlleously, passes oYer into a fibrin-like modification. Higor 
murtis depends on the coagulation of this myosin. The coagulated 

I C. Fpl'llli,.Zdtsdu·.,r: Bi"l. 28. Z:t9 (1891); G. Wolt1111.igel, Pftuger).~ Arch, 7. ISS 
(18i'3). 

:<J'. 

6. 300 (1885) . 
• , I,(-,l) Lo\;b, }/(Jji/icistflr's Bciirit[lr, 191 snd 534 (1904). 
t, W. Kuhne, Al'rh . .I: (.Ana!. II.) Physio/. 1859, p. i18; Text·lJflok I"if PnlllfiolOfJiau 

C/H'lItistr!/, p. 2i2 (1868). ~ 
1 W. D. Halliburton, Jml1'lt. of PhJ/';inl. 8. 133 (1881); German tra.nslation of text

book of j.lhysiology by K. Kawer, 1892, p. 425. 
IS O. V. FUrth., AriA. f. experim. Patlujl. I!. Pharm. 36. 231 (1895); Zeitschr. j. 

pi'lY8iol. (Jkem. '81": 888 (1900); Ergrf{;nisse du Physwlogif, I. 1. 110 (1902); llof'
md.ster's Beirrrige. 8. 543 (1903). 

,..-
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myosin Kuhne helieved to be partially soluble in salt-SOltltioIlS, nnd 
this solution to pos~esg a coaf,-rulation-tcmpemture of 56-'. In the fluid 
which remained after the myosin had coagulated, the so-caHell muscle
serum, Kiihne found, in urldition to other, llot wcH-dt'finf'<l, a.lbuminous 
suhstances, an albumin which coagulated H.t 4- j", alld which he held 
to he nncoagulated myosin. Halliburton, on investigating tIl(' 
a.lbumins of mammalian musc1e, ohtained fOlll' different proteid..:; ill 

the musc1e-plaf:ma by extracting muscle with ;i per cent mnguesium 
sulphate :-

1. A glohulin precipitable by heat at 4 j-' C. (paramyosinogl'n). 
2. A globulin precipitahle by heat at 56" C. (myosinogen). 
;~. A globulin precipitable by heat at. G~ C. (m}'oglobulin), occur· 

ring in the serum. 
4. TraceR of :tn albumin (myoalhumin). 

Halliburton now holds l..-ith v. Flirth 1 that myoglohnliu is some wyo
sinogen which has escaped coaguln.tion, and that the tnyoalbumin if'. 
derived from adherent hlood and Jymph. Y. FUrth maintains tllt1t 
mammalian muscle freed from blood alld Jymph, tuH! extracted 'with 
normal salt. - solution, only contains 'myosin I or paramyosinogen, 
coagulating betweel} 4-7-'-50", and' myogen' or myo~inogeIl, coagulat
ing het""een 5.ij~-60". Stewart and Sollmann;! say, "there exist in 
dead rnnscle two proteids, a true glohulin, param,rosinogen, coagulat
ing at abOllt 45°.50'-, and an atypical globulin: myosinogen, coaguJating 
llt about 50' -65". The latter very readily passes into a modification 
yerj similar to, if not identica.l with, the former." Paramyosinogen 
seems to be more abundant in dead muscle than myosinogen, or at 
least morc is extracted by such saline solutions.as 5 per cent magnesium 
sulphate. Vincent and Lewis;3 also favour the view tJUit para
myosinogen and myosillogen appear, in fact, to be interchangeable 
one with the otherJ or to be possibly both formed from some common 
preC(lrsor present in .living muscular tissue which on heating 
coagulates at about 47". Vincent fl.ud Lewis further applied the 
graphic method introduced by Brodie and Richardson 4 for registering 
the contraction of muscles during different temperatures. " Both 
striped and unstriped mammalian muscle, on being subjected to It 

gradually rising temperature, show two marked sudden contractions-

1 HaUilJllttoIl, HalHlhQok oj PhylriQ/.OfJY, 1904, p. 156. 
2 Stewart and Sollmann, J01lMud of Phyltiol. 24. 427 (1899). 
:I Swa,le Vincent and TllQUJas Lewis, ibid. 26. 44fj (1901). 
ol Brodie anti Ricbllro .. ojon, ibid. 21. 353 (18Sm, and Pllil. TraItS. 191. 127 (1899). 

See also H. M:. VeroIl, Jw;rnal of Pft.'lIf1iol. 24. 239 (1899). 
2 C 
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(l) at 47°-50'", (2) at about 63~; and also a tendency to contract at 
a.bout 56", The first of these, we conclude, is Jut:' to the coagulatioll 
hy heat of the proteid snbstance present in the muscle-fihre during 
life (I paI".1myosinogen '), the second to changes in the connective·tissue 
elements of the muscle; 1 the slight change at ;'6'- we attribute to the 
presence of small quantities of 'myosinogen,' this slight change being 
the more marked, but neVer larger, ill musgle in partial rigor." 

"Amphibian lIluscle shows nmrked differences from the above when 
submitted to heat rigor experim~n(,s. The striped muscle of these 
a.nimals gives a contraction at 38'-'-40', dne to coagulation of soluble 
myogen.fibrin, and another at 45' _fiOc. The nnstriped muscle gives 
only ft marked contraction at. :)4"', sometimes a slight one at 4T. The 
former contraction, we thiuk If5 due to the connectin' tissue." 

Kiihnc's soluble myosin HnHilmrtoIl },elieves to he the mother-suh
stancc of myosin .'ltld mUs it. myosinogen. This change is expressed 
<liagrammatictI.lly hy Hallihurton 2 thus :-

Muscle-plasma 

--------_ - /'--~-_--
I 

Paramyosinogen 
(myosln vf y, Fi1rth) 

I 
.Myosin-fibrin 

I 

Myosinogcl( 
(my()gelJ of v. :Ftirt,h) 

I 
l)oluble Myosin 

(Soluble myogen-fibrin 
of v_ Furth) 

I 

)fyosin or muscle·clot. 

There is thllS a complete analogy hetween fihrinogell- and myosinogcll
.coagulation. v. Ftirth agrees ·'with HaUibul'toIl in assuming two 
coagulable substances to exist, namely, the myosin and the myogen. 
Przibram 8 and Steyrer" have also adopted HaHibul'ton's view in a1l 
es!)entiu.t points. 

Przibram has studied the distribution of parumyosinogen and 
myosinogen amongst different claises of animals, and has arri,"cd at 
results which Halliburton has summarised as follows :

Invertebrates: paramyosinogen present; myosinogen absent. 
Vertebrates: paramyosinogen itI_Id myosinogen hoth present. 

1 Brodie and Richardson. See footnote, p. 385. 
2 HaJlibll~?l, Jiandbook if PhysWlbflY, 1904, p. 1&0; lUl'] Bioclle1lJistry! (!f Jb!sde 

ulWl Nll'I"U4 19~p. 10. Murray, Landon. 
11 H. 1'milnun, Hofmeister'. Britrllge, 2. 14.3 (1902). 
, A. Ste)"'" ww_ 4. 234 (1902). 

".;-
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Fishes: in addition tQ t.hese two principal proteids, soluble myo
gen-fibrin and myoprotejd (lll large qualltities) Occur. 

Aruphibian~: like fishes, except that myoproooid is only present in 
traces. 

Reptilers, birds, animals: myoproteid is absent, and soluhle 
myogen-fibrin is only present where rigor mortis commences. 

A~cording to Steyrer,l Ifaramyosinogen increases in muscle which 
is degenerating after the division of its motor nene, ·while it 
decreases after prolonged tctanisation. 

There a.re, however, as yet, a whole numher of unexplained points 
ill the chemistry of the muscle-albumins, and nowhere does the in
sufficiency of our methods for separating difl'cl'ellt albumins make 
itself 80 much felt as just in the case of the muscle-albumins, for 
they are very apt to change their properties in the confse of the 
inve:;tigatioll. 

~ot even the existence of two coagulable substance~ is beyond 
dispute, for the differences which have been observed may well he ex
plained on the assumption that one of the substances is a free albumin, 
while the other is a salt of the albumin. Palladin has shown (see 
p. :3 i 4) that the so-called myosin of many seeds is simply a lime-salt 
of vitelline, and tha.t the coagulation-temperature of vitelline is lowered 
15 D by the conversion into a lime salt. It is quite pos"ible that 
analogous conditions preva.il in muscle. If, therefore, later on, para
myosinogen and myosinogen are enumerated separately, this if; done 
with due reserve (Cohnhcim). 

A series of investigations has hoon made into that mixture of 
soluble muscle-albumins which is extracted by acids and to which the 
name of syntonin has been t,riven. The dissocia.tion-products of myosin 
have been studied by Hart and Cohnheim (see table p. 71, Nf). 8), 
while its acid and metallic salts were investigated by Da.nilevsky 2 

and Chittenden a.nd "\Vhitehouse.3 By peptic digestion myosin is 
rapidly made soluble, because it is readily converted into acid
albumin, but having once been rendered soluble, all further change is 
slow, because a large proportion separates out as ; anti-albumid.'" 
This also occurs during peptic digestion. According to Danilevsky 

I A. SteJl"er, Hqfmeister's Initriige, 4. 234 (1902). 
2 A. Dallilev.o.;H::r, Z!!"lItralbl • ./: d. MM. WU8I'ludo. 1880, p. 929; Zribclw. ;: 

plty8'l·ol. Chelll. 5. 158 (1881). 
3 R. H. Chittenden aIld H. Whitehou.se, nde crnive.ts. 2. 95 {according to Maly's 

Jfdlresbn.j. Tierckemie, 17. 11 (1887)J 
• W. Kilnne and R. H. Chittenden, ZeiUckr. f. BWl. 25. 858 (1889); R. H. 

Chittenden a.nd It. Goodwin, Journ. of PhYl.fiol. 12. 34 (1891). 
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and Schipiloff 1 fl.olutions of myosin are doubly refractile, both in 
solution and when aUo·wed to dry in thin la~·ers. 

Halliburton and Y. Filrth distin~nish, as already ~tateJ, two dis
tinct albuminous snhstancl'fo:;--

1. Paramyosinogen or Myosin. 
The Ruhstance whieh Kiihne found to coagulate at 4'ja Hallihurton 

calls paramyosinogenJ ·while Y. Fiirth has given to it the llame of 
myosin. It possesses, according to y. -Furth, all the essential properties 
of the globulins: it is insoluble in water, readil,l soluble in dilute 
salt-solutions, from which it i$ precipitatt!d by being dropped into 
Water or by dialysis. It is also precipitated hy dilute acids and hy 
.!l stJ'CjJID of carbDJl dioxjflt" hut i.,. )'cn' soluble in an excess of tht:, 
acid. It is readily salted out by divcl:se salts; for sodium chloriue 
the limits lie between 1, .. ) and 26 per cent, for magnesium sulphate 
between 30 and .10 per cent, for ammollium SUlphate between 2'2 and 
3'1 (or 3'6). After having been precipitated by dialysis, sulting-out, 
acidificH.tion, or alcohol, it very rapidly becomes insoluble, even more 
readily than uoeR fibrinogen. Its most remarkahle property, if kept i,. 
solution, contl'ists, howeyer, in its becoming yery readily insoluble br 
passing into ,t state resembling fibrin. The higher the t.emperature 
the more readily does it hecome insoluble; thus at 40° it changes very 
rapidly, while at 32"-35' the whole of the myosin may be coagulated 
in twenty-four hOllrs. This coagulated paramyosinogen HaHiburton 
caBed paramyosin, while y. Furth calls it myosin-fibrin. Paramyosin 
is contained in the coagulum which forms in dead muscle, and also 
in the expressed muscle-plasma; whether there is also present in 
addition soluble paramyosinogen in the muscle or in the serum depends 
on the time after death and on the temperature. According to 

'-. Furth paramyosinogen amounts to 20 per cent of the soluble 
muscle-albumins. 

Its 4OOgulation-wmperature is 47°, but to ensure complete coa.gu~ 

lation it is, as a rule, necessary to heat to 50° or 52°. Myosin. 
therefore, hi'S amongst all the a.lbumins t~e 10west cO~<1U]ation-

temperature. 

2. Myosinogen or Myogen. 

Halliburton caU. the substance which coagulates at 56' royooioo
gen, and v. Furth applies to the same suhfstance the term' myogen.' 
This subs~ Kuhne heliey~ to be myosin which had c03.0uulated 

1 eath'&i:&e 'Sehipiloff a.nd A. D&\lilevsky, Zrii8Cllr. f .. physWl. Clum. 5. 349 
(1881)., 
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.and which had l'euissohed in :salt-solution!>, It COllstitUV~s a,bout 80 
per cent of the musc}e-Idbumiu, and i3 lUore readily prepared than 
is paramyosiIlOgen. ln certain respects it resemhles globulin, as 
\', Fiirth has pointed out) for it is precipitated hy acids and by 
being diluted with water or by dialysis j hut it ditl"ers from the 
globulins in heing only partially precipitated hy dialysis and ill being 
fairly soluble in pure water, with (t neutral reaction. By mineral 
acids it is precipitated, but it dissolve!'; with great ease if an exeess 
of acid he employed, As has been known since the time of l.iehig, it 
is especially readily cOlll'erted into acid.albumin. It is preeipi~tted hy 
acetic acid only in the presence of neutral salts, HoS otherwise it is 
transformed 'it miCe iuto. acid-albumin. On the other lJand, roya
RilLogen is ~tlso precipitated by a.lkalies amI. by ammonia if salts are 
pI'esent, and resembles in this respect the basic histones, l\1yo
sjllogen is:; precipitated by sodium chloride and magnesium. sulphate 
only if the so1utkms al'e quite saturated, the precipit'»tion }ming even 
then not complete according to Y. Furth. The precipitation-limits for 
ammonium sulph:1te a.l'e 3'6 and 5'2; a ccrtalll portion is, }lQwever, 
.only precipitated by sa.turated solutions. 

~Jyosjnogetl does not become rapidly jnsoluble ~tfter precipita.tioll 
a~ does paramyosinogen, and it is denatutalised !So yery slowly JJy 
.alcohol that v. Flirtll employed alcohol for ohtalliing it in a pm'c 
sta.te. It is precipitated hy the saIts of the heavy meta,l~ only in the 
presence of neutral salts. 

The coagulatioll-temperature of unchanged myosinugen iEi unani, 
mously giYfJll at 56", but it is very difficult to hring about a. ('om
plete coagulation, particularly in fSolutionEi poor in salts, because 
myosinogen is ycry apt to be partially convelted into acid-albumin 
and thereby to escape coagulatiolL 

On standing, ruyosinogen -solutions are apt to become cb(~hged 
analogously to paramyosinogen-soilltions. There is formed a coagulum 
of myogen-fibrin. During the transition from myohlllogen to myogen
fibrin Y. FUrth has noticed a state during which the coagulation
temperature fans to 40~. This transition-product of myogen he calls 
• soluble myogen-fibrin.' 

Acoording to Kuhne and Halliburton muscle-albumins are supposed 
to coagulate completely or nearly so, whether they are left in situ 
.or whether they are pressed out of the muscle, and it is also believed 
that they may be extracted completely from muscle in rigor mortis by 
10 per cent sorullm-chloride. solutions or 15 per cent ammonia. 

v. Furth, on the other hand, is of the opinion that the coagulated 
.albumins are t:}uite inwhlble, and ~hat the salt-soluble fraction is Hallibur~ 
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ton's myosinogen(v,}\irth'g myogen), which has escaped coagulation, and 
which has been carried down mechanically by the paramyosillogen (y. 

Fiirth's myosin). In adt.Htion we must remember that only a certain 
proportion of the muscle-albumins separate out as insoluble SUbSt.,'l,DCes, 

and v. Furth makes the just ohsen'atiol1, that a solidifying of the 
muscle-plasma, comparable to l)lood-coagulation, is only seen in cold
blooded animals. In wann-blooded animals the process amounts 
simply to the formation of a little coagulum. ,Yo must, however, 
not forget that duriug 'the preparation of the muscle-alhumins a 
certain amount of the paramyosinogen and of the myosinogen hecome 
insoluble and that they are left behind in the muscle. v. }'iirtb bas 
further observed tbat--amongst other respects-the coagulation hI 
Sitl~ differs from that in the test-tube in the rapidity with 'Hrhich it 
occurs. 

'Vhat really determines the coagulation of paramyosinogell and 
thereby gives rise to rigor mortis is not known. Halliburton regarded 
it as heing of a. fermentative natUl'e caused by the formation of 
j myoain-ferment' in the dying muscle; hut now 1 he is doubtful 
as to whether a specific myosin-ferment brings ahout the change. 

v. Furth could not find such a ferment, but does not exclude the 
possibility of its occurrence. On the other hand, he showed that coagula
tion is considerably hastened hy lime salts, sodium thio-cyanate, sodium 
salicylate, by an acid reactioll, and hy other factors. '\\That causes the 
disappearance of rigor mortis is also completely unknown_ Kuhne 
and many of the older investigators assumed that the solution of the 
paramyosinogen was brought about hy the formation of lactic acid in 
the dead muscle, but v. Furth found the quantity of lactic acid 
liberated to l)e so small as to altogether exclude this explanation. 
Voge1 2 and Schmidt-Nielsen 3 advance the hypothesis of autolytic
action; out again Furth found 110 proteolytic ferments, while Sal
kowski 4 found them only in the minutest traces_ A possible ex
planation is that the coagulum contracts within the sarcolemma, a.nd 
that it squeezes out the fluid contents in a manner a.nalogous to 
that occurring in coagulated blood. The observation of Mangold [, 
that muscle is stilI contractile after having passed through rigor 
mortis st':ems to show that the chemical processes occurring during 
rigor are Dot very profound. 

1 Hallihu.rton, llarui&ook Of Physiv.log!l, 1904, p. 156_ 
t R" Vogel, J)&ituch_ Arch_ f. !din. ~lled. 72. 291 (1902). 
~~S: Schmidt-Nielsen, Htffmeisttr's &itrif,g~, 4_ 182 (1903) . 
.. E. Salkowflk4 Zeitsdtr . .f_ klln_ AIed_ 17_ Suppl. ir 08S0). 
:_JJ;. _Mangold. l'jliiget··s Arch. 98_ 498 (19()3). 
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The author draws attention to the fact that changes Analogous to 
rigor mortis occur in eyery colloidalaolution which is beillg precipitated, 
for example, if a suitable electrolyte. such as acetic acid, he s!owly 
added to ,1, stl'ong globulin solution, the latter becomes more and ulorc 
viscons nod may hecome 8emi~s(llid. On the further addition of acetic 
acid, or on wniting for some days, the yjscosity disappears and the 
glolllllin solution becomes limpid. 

As) according to the author'!; view, life is given to the albumins by 
the salts with which they are associated,l !Lnd as muscle resembles red 
blood-corpuscles in heing nry rich in potash salts, the following table 
of Katz:! has heen inchtded. It is based on a very extensive research 
on the flesh of ditferent animals:-

K 
Na 
Mg, 
Ca , 
P total 

CI 
S 
Fe 

from phosphates 
from lecithin 
from nuclein 

2'41 to 4'65 
0'32 to 1'56 
0'18 to 0'3i 
0'02 to 0'39 
1'36 to 2'58 
1'22 to 2'04 
0']:\ to 0'48 
0'09 to 0'32 
0'32 to O'S 
1'35 to 2'92 
0-04 to 0'25 

HeaTt*IDuscle bas been specially studied by Boruttan 3 and by 
BotUtzz] and Ducceschi.4 

Smooth muscle has heen investigated by Yincent and Lewis';; and 
Yelichi.tl \*incent and I.Jewis investigated the sheep's stomach, and 
found, in confirma.tion of Bottazzi, that nonstriped muscle shows rigor 
mortis, as does striped muscle, if it be kept for some time at body
temperature. II Unstriped muscle and its extracts in dilute neutral 
saline solutions are neutral or alkaline, while those of striped muscle 
aTe almost always acid. :fresh extracts of unstriped muscle IDMe 
with 5 per cent magnesium sulphate appear to contain little if any 

J See p. 211, and a!so p. 215. wllere the ri[lg formatiou of atnirH)-acidg i.~ diilcuss,..,L 
'J J. Katz, Pjl'i!JI':t's .lfCh. 63. 1 (1896). 
:' Boruttau, Zeil.f.J!hf!,1l~d. Clu:m. Htl'tlS!iburg, 18.513 (l894). 
~ Eottani and DUccescbi, II Jfrn-!}(I[lJli, 39, No. 10, and aho in Arcll. if«l. dr, Bi.ol . 

.28. 395 (lag7). 
~ Swale Vincent awl Thomas Lewi. ... , PrIX. Physw[ • .'Joc. Jan. 26, 1901. See 

Jlmr"'l'l/il6_f PkysirJ. 26. p. 44,5 (1900-1), 
1) Veliehi, ('entrolhl. f. PhYIHfd. 12.351 (1898). 
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'pa.ramyosinogen' as indicated by heat-coagulation at 47"-50', while 
there is evidence of the presence of abundance of 'myosinogen f 

-coagulating hetwcen fJ5' and 65°," Velichi &tates that he isolated 
from the JloHstriped muscle of the stomach two proteiJs :-

1. A globulin, apt to coagulate 8pontaneously and clotting when 
heated to 54"_60°. 

2. Au alhumin) precipitated hy beating to 46°.51)', 
Arnoll!,,,,t invertebrates v. _lI-'urth 1 and Przibrll.ll1 2 found substaIlces 

resem h1illg myosinogcn in t,heir reactions, but possessing, a~ a rule, 
a somewhat lower heat-coagulatiolJ-tempemture. In fish-muscles 
v. Fiil'th found' myoproteid ' which is soluhle hi water, nOll-coagulable 
hy boilillg. but precipitahle hy strong acids j magnesium sulphate 
and sodium chloride salt it out, wbile the precipitation-limits for 
<tmmoninm sulphate :lre 4 '0 and 10'0, Sodium-hydrate solution 
does not precipita,te eyen in the presence of salt. It does Hot 
contain an appreciable amount of phosphorus, Itnd contaius neither 
:t reducing Sul,stl1nce 1)01' pselldo-nuclein. 

The mUHcle of the octopus h::ts been studieJ by y. Furth j :; and by 
Henze,4 who has paid special attention to the extractives and the 
I'esCl've- materials with the view of establishing some connection 
between these alld the urinary secretion. Octopus muscle contains 
77'31)01' cent wa.ter and 1~'13 per cent nitrogen; the watery extracts 
contain neither glycogen, Ul'e..1., hexone-bases 01' amIno-acids, such as 
glycocoll, HOI' creatill or creatiuin. On the other hand taurin is \'ery 
abundant, amounting to 0'5 per cent; the pn:rin-bases are represented 
almost exclusively by hypoxanthin (O·O:{ per cent), the total uitrogen 
of the purill-bases amounting to 0'04-56 per cent, Sarcolactic acid is 
absent, but small amounts, 0'0 1 per cent, of fermentable lactic acid 
were found. Potash salts preponderate oYer the sodium salts, and the 
amount of sulphur is about 2'5 pel' cent, ;md therefore three times as 
great as in yertebrre mu~cle. 

No other soluble albumins in addition to paramyosinogen (and 
myosinogen) are found in the ll1l1scle substance proper, according to 
v. FUrth ann Stewart and Sollmanll; ~he albumin which Kiihne once 
described is 8. derivative of lymph, while the myoglobulill of Halli
burton represents myosinogen which has escaped coagulation. 

Mays::' has, however, found non-coagulating albumins in muscle, 

1 o. v. Fitrth, Zeitaclu·.J. physld. Chent. 31. 338 (1900). 
l! H.,.Przi1::ml.tll, Ho/'meis4r'iI Beitra!l£. 2. 143 (1902) • 
• v.' Forth, ZdU<hr. /. pIw_ ahb". 31. 338 (1900). 
4"'M. H~uze, ioid. 48. 477 (1905J. 
1\ K. Mays, Zeitadir. f, Bitl/. 34. 268 (1896). 

'!!i" 
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a.nd Siegfried's 1 observation as to the occun'cnce of carllic- or sal'ctic
acid in muscle must be mentioned, although it is very uncertain as to 
whether this acid occurs nonnallr in muscle.:! The observations of 
.Mays and Siegfried have, perhaps, some beatilig on those of l'ekel
haring 3 and KQSi;cl,3 who obtained a nucleo-proteid from the uuclei of 
muscle. Hulmgren <I has tinally described ;t yery insoluble albumin, 
\',-bich can only be extracted as an alkali-albuminate, and of which it 
16 difficult to say whether it is a CO<l{.,>111ated alhumin or whethel' it is 
an albuminoid, forming It part of the muscle-stroma. It will \w dis
cussed later amongst the albuminoids. 

\Yhether albllminolls snbstances resC'mhling paramyosinogcn (v. 
Filrth's myosin) occnr also in (lthef organs is a difficult question. All 
tissues uudergo ill 11 certain sense rigor mortis, aud thorefore it is 
legitimate to Sft,V that substances coagulating spontnncouslyarc present 
in every cell. Reinke and 1{odewalu i foond such a body in the proto~ 
plasm of .. d:_.'thali'U!Jl Mptiw})1. PMsz \; ohtaillcd from the hver an 
albumin having the coagulation-temperature of myosin (47'); Lilien~ 

feld" a similar compoutld in the leucocytes of the thymus gland; 
thittenden \l ohtained paramyosinogen from the retina; and Halli
burton 9 isolated from many organs rich in cells (spleen, thyroid, etc.) 
albumills having the coagulation-temperature of myosin; he failed, 
however, in finding this albumin in the brain and in red corpuscles. 
It. is also possible to extr:tct from the pancreas an albumin which co-
agulates spontaneously at body-temperature, and which also resembles 
paramyosinogen in other respects; it poss~sses a coagulation -tero+ 
perature of 50° Dr 80nlewhat less j its salting-out Hmits. for a.mmonium 
sulphate lie between 1'5 and 3, or as low as in the case of fibrinogen and 
paramyosinogen. Spontaneously coagulable albumins are also found 
in mucous membranes. For aU these reasons ono may regard myosin 
as f?rming an integral part of every kind of protoplasmic molecule. 

The llueleo-proteids are most abundant ill nonstriped muscle, then 

1 M. Siegftieti, A j'ch, / . • 1/1at. 11. l'h!l~iol .• l'lty<;iol. AL)tdl. 189-1. 11. 401 ; Zdtsdu' 
f. pk1fsiol. Ohem. 21. 360 (1895); 28.524 (1899); J. )IBdeo!l, ibid. 28. 5~.5 (1899). 

:} See on tlli~ point HalIillllrto[l, lJi.aelum.istry Of ~UUBel ... and Xl'l"ve (1!W4). JI. 46. 
;j C. A. PekeIh<trillg, Zeitsdll'. /: ),ltysiol. ()he:lR. 22. 245 (896); A. Ko;,seI, iMd.7 

711882). 
~ J. F. ~-. HohllgrtlU, -from t1w Sweili.-;b origillal by HauUJJar.<;tcJJ ill }Jal.v's JahresbN-

/. Tit:rmemit:, 23. 360 (1898). 
{; J. Reinke and H. ROllewald, Botanikerzty. 38. (1880). 
6 P. Pl6sz., Pfliiger'$ A-tch. 7. 371 {lB13). 
7 L. Lilienfelil, Zeitsih,..j'lmysid. ahem. 18. 473 (1893). 
ti it. H. Chittenden, "Hist~h~mie ,l.a!l Sebepithels," (J1ltt:r8Uduttl.jeltausdem Heick 

b,>;yer phy8ioWgisehen Illstitute, 2. 438 (1879). fI See p. 406. 
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comes heart-muscle, and finally skeletal muscle, according to &ttazli 
and Ducceschi,l and \""incent and Lewis.~ 

YI. THE NCCLF.O-Ar ... BUMIXS on PHO:;;PHO-G-LOBUT.r:\t1 

The nudeo-alhumin/'; contain phosphorus, and for this reason they 
were classed at first with the 'nudeo-proteids,' with which tlwy a.lso 
have in common thttt the complex to which the phosphorus is attached 
becomes split off during a certain stage of peptic digestion as an 
insoluble compouud, while the main bulk of the albumin-molecule 
pass~s into solution. This complex, which is insoluble at first, 
and ,,,hich becomes disRolved later on, Kossel:> cans paranuclein, 
and Ihmmarsten" IJ::;cudo-nllcleitl. 

The lll.wleo-albumins differ, howe,'er, completely from the nueleo
proteids, as llt>ither xanthin-bases, nor pyrimidin-derivatives, nOl 
flCutoses occur amongst their dissociation· products. fi Kassel and 
Hrunmarstcll, to whom we owe our knowledge regarding the com
position of the nucleo-proteids, originaHy made an attempt to l>ring 
the nucleo~albumins and nudeo-protcids closer together by drawing 
an analogy hetween the so-called thyminic acid (which is the complex 
rt:'mainillg after the xanthin-ba.ses have heen split off from nucleic 
acid) and the pseudo-nuclein or pseudo-nucleic acid. More accurate 
investigations han' shown, howe\'er, that the nudeo-albumins and the 
nucleo-proteids are not at all closely related,6 and as the nucleo
albumins have nothing to do with the cell-nuclei, Cohnheim suggests
to discontinue the use of the term' nlldeo-albumin ' and to substitute 
for it the expression 'phospho-globulin.' 

To this group of bodies belong casein, yitellin, and a number 
of cell-phospho-globulins. lchthulin is not included bere, but classi~ 
fied as a phospbo-glyco-proteid amongst the proteids, according to 
Hammarstan (se6 p. 405). To the phospho-globulins belong further 
the phy~o-yitellins, ~uch as legumin, a.nd perhaps also plant-casein, 
which haY8 been discussed above under ~ o. III. along with the
phyto-globulins. 

The phospho-globulins are distinctly acid; they redden litmu.!t 

1 Bottazzi and Dnccescili, Arch. ital, de Riol. 28. 895 (lB9n 
!l SwaIe Vincent a.nd T1H)IUa.s Lewis. JOUrit. of Pk!fsWl. 28. 445 (1901~. 
If; A. Kos$el, redi. a. Berl. ph!fsiol. Gek;, Arc:k. f. Arw;t. u. Pkysiol., Pllysiol. 

AMen. 1891, p. 181 ; L. LiHellfeld, ibid. 1892, p. 128 . 
.. O. HamWaJlPell, Zeitsckr.f. phya-iol. {'hem. 19. 19 {1893) • 
• A. _ liM. 10. 248 (1886).' 
6 A. K088el and A. Neum..'lnn, ibid. 22. i4 (1896); A . .Kellmann, Arch-. j. Anal.

und PhYaiol. t Phy..,iol. Ahteil. 1898. p. 374 (Vern. d. &rl. physiol. Ges.). 
",,' 
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IJuper and nre iusoluble in water', while their alkali- or ammonia-salts 
are yery soluble; by acids they are precipitated from their salt
s.olutions. The solutions of their salts do not coagulate, and ma.y 
thcndore be boiled without undergoing :l change. If, however, 
phospho-glolmlin-solutiofls are acidified to an extent less than that 
required for precipitation and the solution be then beated, they 
undergo at a certain temperatnre a distinct coagulation, but otherwise 
they gi\'(~ the ordinary precipitation-te~ts of the albumins. 'Vhcn 
kept in all nndissoh-ed ~ta.te they do not become insoluble; they nrc 
:llso relati,,-ely resistant towards acids, but they are very readily 
decompo.<3'ed by alkalies. 

The special feature of this gronp is its beh:wiour towards pepsin
hydrochloric acid, first, noticed by LubaYin,l hud subsequently fre
Iplently studied in the cafle of caseinogen. Pepsin-hydrochloric acid 
reacts in three stages, <t.ccording to Salkowski ~ and \Villdenow : :1_ 

(1) The phospho-glohnHn is dissolved and [Jrrrtially converted into 
31bumoses. 

(2) A phosphorus-containing radical is split off and separa.ted. 
(3) The phosphorus radical is dissolved while the peptonisa.tiotl 

of the casein-remainder proceeds. 

i\.ccording to the Ktrength of the pepsin the amount of the 
phosphorus-containing radical which is separated off as an insoluble 
mass varies greatly. If the pepsin is strong, but little separation of a 
transient nature takes place, while if the pepsin is only 81ightly 
active the separated phospborus~moiety is abundant and may not pass 
into solution. This ph()sphorus~containing portion is called para
nucleic aeid, and contains necessarily more phospborus than does 
the mother-substance; it is also markedly acid in its chal".J.cter~ being 
readily soluble in alkalies and being precipitated by acids. According 
to Giertz 4, it is readily soluhle in ha.rium-hydrate solution-and in 
this it differs from the true Ducleins,-but it is "ery quickly dis
i30ciated hy harium hydrate, even at a low temperature, into acid
albumin, albumoses, and phosphoric acid. Paranuc1eic acid is also 
rapidly decomposed by other alkaline solutions. According to 
Salkowski and Hahn'.! ortbophosphoric .acid is DOt split off by peptic 

l S. LUbadu, Roppe-Styld.t ;.l[ed.-cl~lI. Untersuchungen, p. 463 (1871). 
2 E. Salkowski. Zentralbl. f. d. m-ed. Wissensrlt. 1893, Nos. 23 and 28; Pjlii,ge/s 

A ''!:h.j'. d. ges. Physim. 63. -401 (1896); Zeitsckr.j. pk-yaiol. Chem. 27. 297 (1899); 
E. Snlkowl$ki and M. Hahn, Pfeuffer'lt A1'eiH"v f. d. gu. PI.yaiol. 59. 225 (1895); 
E. Salkowltki. Zeitseltr. f ph'llatol. Ch~JI/,. 32. 245 (l901); compare also W. v. 
Moraczewr>ki, ibid. 20. 28 (1894). :l Clant Willdenow, Dissertation. lkrli, 1M3. 

~ K. a Giertz, Zeits~hr. f. physiol. Chern. 28. lUi (1899). 
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digestion, while according to Biffi 1 it i~ separated off by tryptic 
.digestion. 

The precipitation of paranuc1eic aciJ. by peptic digestion is never 
.complete, and this explains the statements made by Alexander 2 and 
others regarding the phosphorus-content of casein-albumoses. bal
kowski has precipitated the paranllcleic acid of casein by means of 
ferri-ammonium sulphate, and has then decomposed the precipitate 
with sodium-hydrate solution. Levene and Alsherg;j dissolved tht' 
:nncleo-albumin with ammonia, acidified and then precipitated the 
albumin-moiety with picric acid and the paranucleic (l,cid with 
:tlcohol. 

Paranuc1eic acid precipitates albumin,4, and is precipitated by 
.the salts of the heavy metals nud by some of the alkaloidal l'cagt'nts. 
In its pure, hon-albuminous state paranucIeic acid if:> not knowu, and 
it.s dissociation-productR are also unknown. 

Attempts to make artificial nucleo-alhnmins hy combining thyminic 
.a,cid or other }weparations with albumins have given negative results.'" 
The p!:5endo-nucleins formed in this way are readily dissolved by 
tr,vpsin, easily absorbed by the intestine, and excreted as phosphoric 
acid by the kidneys. I) 

The sulphur-component has been studied by Y. Moraczewski)7 
hy digesting different strengths of casein-solutions for different lengths 
-of time with different amounts of pepsiu and hydrochloric acid. He 
found that the sulphur-content of the paranudein varies but Jitth' 
nutler different conditions. There is thus a marked difference in the 
behaviour of the sulphur and the phosphorus.. 'Vhether the. pam
nuclein percentage of the original casein was :3 or was 12 per cent, t,]w 

sulphUl'-content varied between 0'32 and 0'40 per cent of sulphur. 
During digestion a part of the sulphur Yolatilises, and the more 
intense the digestion, the greater also is the amount of the sulphur 
which is lost. 

1 t:. Hiffi: l'HVww's Archil', 152. ISO (18SSi. 
~ F. AlexlI.nder, ibid. 25. 411 (1898). 
'1 P. A. Levene and C. AJ~ht:rg. iQid. 31. 543 (19001. 
~ E. 8alkowski, Z-mtrulbl. f. d. med. Wisse!lUick ]893, No.>. 23 ruHl 2S; P.1l·ii!1e"'.~ 

Arch. J. d. gcs. Phyttwl. 63. 401 (1896); Zeitschr.J. phydvl. Okrm. 27. 297 (1899) ; 
K Sa.lkow"ki un,l M. Hahn, l~tl·iigds Archir f. d. gu. Pkysu.l. 59. 225 (1895); 
E. Salkowski, Zeitsc/tr. f. pllysiol. eMIII. 32. 245 (1901); eOff\l,are aho W. l' 

Moracaewllk,i. i/JiAl. 20. 28 (1894); T. H. MiJro)~, ZritSC/ll·. f. pkysivl. ('hem. 22. 30; 
(1896). 

, T. MilroT. ~'22. 307 (1896). 
, w. s ...... ,.i}iI;a. In. 87 (1895); J. Sebelien. ibid. 20. 443 (1895) . 
.. w ..... Moracz ........ kl.. R,!fm.e;8t ...... ·s·DeU.,-a,q". &. 489 ('191)4.). 
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1. Oaseinogen 1 

Caseinogen is the chief a.nd most chara.cteristic albumin of milk. 
Because of itt! acid properties it was held for long to he an :\lhumiuatr, 
and Wlh" classen with the alkali~albuminates which are obtained by the 
denaturalisa.tion of othcl' albuminous Silbstallces. Hoppe-Seyler 2 ~\wl 
then Hammarsten:: in particular taught lIS that caseinogen is a di:-;
tinct substance. The caseinogens of difierent animals differ ft'{lm one 
another:1 

Caseinage1l (If emJ/," l1lilk 

Analysis of cow's milk bas gi\'en thf'se p('rcentage figures: -

---~---! 

o 8-1! 'flaB/w,tt'stell.·' 
Chittenden al\(l Fainter. Ii 
LehmanH aud HClIlpd.T 
"Ellellll('fj!t'r. lI 

The dissociation-products 8re given on p. iO, ~o. i. The absence 
of glycocoll and t.he carQohydrate radical and 1.118 high tyrosi1J- and 
tryptophane·colltents make caseinogen especially readily digestible \t 
(see p. 141:':). For the same reason ll{l hetero·albumo'!-e j" formerl 
during peptic digestionY 

It is the only native albumin whicll is attacked by erppsin,l(J and 
plays in ordinary metabolism a special part owing to its re:u:ly dis
sociation.a In addition to tyro~jn and tryptophane it also cotltains 

1 The AUtlWl' hu.~ adopt!!'l H<lm)mrtf)!)'.~ lWnJt'll,;lattlre. The lJll)t}!Cr-.~uhsutllc() is 
calleil caseinogen (=.: Ktuwil\ of the Genll:1u!';), awl the ,tvrive,{ ';11h~tn.u\;e P.(lRflin (= Par:,
h.5t'ilJoft.b ... Gt'J'IDl\m;). 

2 F. Hoppe-Seyler, nlClwU"~· A1"CiI.. 17.417 (1859}. 
;( O. H!l.mmaTHt~n, auto·ahHtract aftel' the Swedish original ill .. lfaf,1/.' ./ailresbl"f' . ./: 

TiPrdumie, 2. 118 (1872);. Ki.)fliyl. (,'1',3. d. Wi.~$e7,,~I·h. :;11 l/PH'/U, 1STi'; 2eili!thr.): 
jJhysi"l. Cli.em. 7. 227 (1883). 

~ A. Dogiel, ibil!. 9. 591 (1885); Elleubl;lr~er, .Ird,.j: (Anat. 
p. 33; 1902, SUI'pl. p. 313; }'. l->oxhlet, )lliUl"j"p)l.tr jJudi.ziu • 

.xo • .t; A, Wrobtewski, Di~"etta,tioll, Bent, 1894.; C. :storch, .Yu/I((MI. f. Chellt. 28. 
n·_! (1902). 

:> O. Hllmm8rsten. Ztikchr.j. pkllsid. ('heM. 7. 221 (1883); 9. 2i3 (188",). 
(; R. H. Chittenden anli H. M.. Painter, Studfe.s fr(}J!I, the Fljf ClIirn,<. 2. 15fJ 

[il-ccording to Naly's Jahresber .. t: TierdUJJnJ.e. 17. 16 (lSS7)]. 
7 W. Hempel, p'/liig&r'&.d IYk. j. rl. ges. Ph-ysid. lS8. 558 {1894}. 
g Ellenberger, Ardt.f (A/lat. ft.) PhysWl. 1902, S\~pp!. p. :U8. 
\> F. Alexandw-. Z~itschr.f.llkys.Wl. Cltem. 25. 411 (l8~8). 
J!) 0, Cohnheiru, ibid. 3lS. 134 (1902). 

11 W. FaJta, Verlt. dtr .Nattli:far,~ch. Gf!$. 1:11· HOM], 15. Heft'2 (1~03\; KQTf'e-
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large amounts of lysin and glutaminic acid. Its paranuclcic acid (not 
quite free from albumin) contains, according to 'Yilldenow 1 and 
Salkowski,2 3 to 4. per cent of phosphorus. 

The iod]ne-casejnogen~ are uiscussed on p. 23]; the ehlorine
easeinQgens of Habermann and Panzer and the nitro-.mbstitntiOlI
product of v. l.<'iil'th on p. 236. 

}'ree caseinogen i" qllite insoluhle iu water, while it" salts ;'l1'e 
very readily soluhle, Osborne;\ has shown that caseinogen being 
an aeid substance, forms two distinct groups of salts. The first group 
includes the salts of Cal ~Ig, Ba, and Sr, and the salts of strong 
organic bases sHch R~ cam~ill and strychnin j all these produce markedly 
opalescent solutions) are una.hle to pass through the pore!',; of a clay 
filter, and are precipitated from their solutions hy the tLddition of 
insoluhle tinely diyided suhst.ances. They nre acteu upon hy rennin, 
ltnd on heating form a haptogen - membrane. On warming their 
solutions it tllrhidity occurs betn'een 3;/ and -tJ~, which disappears 
on cooling. This phenomenon is explained as ihlf' to hydrolysis 
()Ccurrlllg as the result of heating, accordiug to the equation: 

Calcium c[Lscinogcntlte -7- :!H~O "" ea (OH);! + caseinogen. 

The second grotlp contains thc salts of K, ~a, amI ~H4' Ther.;c 
form compara.tively clear solutions; pass through clay-filters; are Hot 

precipitated hy the addition of finely divided substances; are not 
Yisihly altered on heating j do not form a haptogell-memhrane; and 
arc not acted upon 1,y retwilt. 

Caseinogen, heing an alhuminous substance, resemhles t.he other 
albumins in also being able to form 8.:1.lts with acids, and is therefore 
readily soluble in the presence of an excess of an a.cid, but notwjtb~ 
sta.uding this it is essentially au acid substance. In its salts with 
bases it has an equi\'alent weight of 1135, and is at least 4: to 6 
Msic according to La,queur and Sackul'.4- The much higher e~luiva
lent weights of 5000 to 6000 calculated from the figures of SalkQwski, ; 
Hammarsten,t.\ l ... ehmann and Hempel," and Soldner,8 nre partly due 
to hydrolysis and partly to aciq salts having been investigated . 

.'~l)(!/1(lcli:Hatl f. SrJWY'iZl'i A,-;;tc, 1903, :\0. 22; L. Blum, Zei(,~d!/·'):l!hlJ.~i(ll. (,'J,rlJl. 30. 
15 (1900); :E. Bewlis, ~lrl"hi1"f. (.IJlat. , .. tiff) )'hysiJJ/. 1900, HllPPJ. 1).309. 

1 t'. WiIlde110W, IhsscJ'iatioIJ, B(lru, 1893. 
;: E. Salkow>!ki, Zeifsl'}v:.j. }llIy/,ivl. ('hem. 32. 245 (1901). 
;l W. A. Q .. ooJ:'ue, Jaur!~. Itf Physinl. 27.'-898 (1901). 
"' E. Laqueur and O. Sackur, HI:t"Jllt'id~/s lJeitrit{/£, 3. 193090;3). 
Jj E. SalkGQkl. Zeitsdtl', f. Bial. 37. 401 (1899). 
6 O. ~en, KooiUl. Gew(sthA/t der Wi.s.'1ensch.qftef' :;11 ('_pS{thl, 18i7. 
7 W. Hempel, P'Jfi(gfW·.~ ~-ll"dtii'f. d. Jfu. Phy.tio(. 56. 558 ~lS94). 
t\ F. 'SOldner,.Disstlrtation. Erlnngen (1888). ,,,. 
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Soldner 1 distinguishes two series of salts, while Courant 2 de~ribes 

three series . 
.. EUCMein II is ammonium cascinogena.tc,3 while "uutrose" and 

,. plasmon" 4 are the sodium cal',einogenates. 

In addition to heing precipitated by chemical agencies, calcinm 
caseinogenate, or the caseiuogon + caJcium pho$phate compollnd 
occurring normally in milk, is also precipitated by relatively feeble 
physical factors as :dluded to ahove. According to Hermann" calcium 
caseinogenate is precipitnted if one add to its solution large amounts 
of calcined clay or [Ulimal churcoal. According to f.;alkowski G the 

caseinogen-lime compound is precipitated on letting milk st:wd with 
chloroform. Zuhn 7 stutes that the Hme salt 1S precipitated whenever 
it comes into contact with porous clay, and therefore if milk he sucked 
through a Chamherland filter the caseinogen remains behind, while 
the other alhumins pass into the filt,.ate. 8 Sodjum caseinogenate, 011 tlw 
other hand, is filtrable. On this property of caseinogen, namely, to be 
precipitated by clay, Hempel!) has based a method of estimating its 
molecular ~yeight, hut according to Simon 1{) this is not permissihle. 

In milk, caseinogen is present as calcium cRseinogenate, and, 
according to Courant,'.! not as a neutral salt, but as calcium di· 
C'l.~einogellate and 1n combinatio!l with calcium phosphate. How this 
latter is brought about is as yet unknown. The C<1icil1m caseinogenate, 
as such, may possess the power of keeping somehow the neutral 
calcium phosphate, which ]s nlso present in milk, in solution or in a 
finely subdivided state, or there may be fanned in the milk a true 
double sa.lt of calcium cw,;einogenate and calcium phosphate, as is 
believed by Lehmann and HempeLl1 At alJ)' rate, when ca.seinogen is 
precipitated calcium phosphate is thrown down simultaneously, and so 
is the whole of the fat, the cmu}i:iion of which i.., &180 due to the 
presence of calcium caseinogenate. For this reason it is extremely 
difficult to purify caseinogen from fat and from calcium phosphat-e. 12 

I F. SJlduer, DiHSertatioo, ErlallgCll, 1888. 
e G. Courant, PJf;i.?er"~ Aj·r·/(. 50. ]0-9 (lS91). 
3 E. SalkOW8ki, ZeitlJ("hr. f. BioI. 37. 401 (1899). 
4 W. Prallssnitz and H. Po,ja, ihid. 39. 277 (J900) . 
.:; L. H~nlla.nn, /'fldyer's A,·cl(. 26. 442 (IS81). 
Il E. Salkow~ki, Zeitschr.f. phYlJin/. Cltem. 81. 32.9 (1900!. 
; W. Zaho, Pjlilger'[) Archil.', 2. 5<;!S (1870). 
tI D. F. Harris. hum. oj Physiol. 25. 207 (1900). 
ll" W. Hempel, PflUger's AreM!.', 56. 558 (1894). 
10 G. SimOll, ZeiisChr.f.physiol. eke/n. 33. 466 (lD01). 
II W. Hempel, "J. Le11l1la}1Il'.s MilchllDter.suchulJg~ll," I'jli,!/t!r'8 Arckiv /. d. !J1!.9. 

l'it!fsiul. 56. 558 (1894). 
l!l R. Cohn, Zeitsckr. f pky~iol. Clwl!. 22. Hi6 (1896); W. Helllpd, "J. Lehmann's 

MHchu»tersuclnmgt!u," Pfliigd~ Archir ,: d . .tl;>fl. T'hYllwl. 56. 558(1894). 
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Caseinogen is precipitated from a solntion of its &11ts, and also 
from milk by small quantities of mineral acids and by larger amounts 
of acetic acid, hut it, dissolves ou adding an excess of acid. Caseino
gen is most readily prepared by H oppe-~€'yJer)s method as modified 
by Hammarstcn.1 

Precipitate milk \\ith acetiC' acid, dissolve the precipitate in dilute 
ammonia or in sodium carhonato, taking ~are to ayoid the solutiOl) 
becoming I"dkaline, allJ repeat the process 3m"eml times. Free the 
caseinogen thoroughly of fat hy means of alcohol and ether, and thcn 
treat it again with ucctic acid and soda-sohltion. There i~ no danger 
of denaturalisatiof1 if any marked alkaline l'eaction be avuided. The 
de-fatting is rendered yery much more easy if, instead of the pure 
milk, we employ centrifngalised milk from which the crl:'am has been 
remon·d. 

Caseinogen <Uld its salts llrc salted out lIy sodium chloride,~ 
magnesium sulphate,;} and !iodium sulphate <1 in saturated solutions. 
The limits for ammonimn sulphate '. fire for the main bulk of the 
caseinogen between 2'2 and 3'6, but a. slight turbidity manifests 
itself already at 1'2. 

The other precipitatioll~reactjous are the same as in the case of 
ordinary albumins, but Schlossmann I: has found potash-alum in suit~ 

able concentrations to prl>cipitate the caseinogen of milk without also 
precipjta.ting the other albumins j excess of potMh·alum redissoh'es 
the precipitate, howcyer. 

A true h.eat-coagulation is Hot shown by caseinogen, for the 
solutions of its salts may he boiled without undergoing a change. In 
a. dry state, however, caseinogen, according to I.aquem' a.nd Sackut/ 
becomes partly insoluble on being heated from 94 0 to 1000

, while 
according to the older statement'8 of Hammarsten, S it requires a 
tempera,ture of from 1200 to 130"'. HaHihurton 9 noticed a change at 
75~ on heating caseinogen suspended in water. 

"\Yhat . really bappens to the caseinogen wIlen mllk is boi1ed js 
not yet known;]O pure ca.ldum-caseinogenatc undergoes hydrolysis, 

1 O. Hamm;\rstt'll, Hnto·ahstmct ill .Mrd.'/~ ;lahrI'M)(!".f. Ti&l'chemie, 4. 135 (1874); 
Zeit'lt"hr. f. J!hysivl. UIUJJi. 7.227 (l883). 2 J. 8ebeliell, ibid. 9. 445 (1885). 

~ 'folma1scheff, Hoppe-Seyle:r'.~ Nl'-I.li~hl.-djl!1i), CJ~l/er)f:i1rJmn!Jnl, p. 272 (l8S7). 
4 K. Stareh, ~ll{/·/UJts}(.}: CkMI. 18. 244 (1897). 
:; Fr. Alc~allder, 3dt,"·(')lr.j. pkflllvd. Oneill. 25. 411 (1898,. 
s. A. &M(J~m8.nn. iUd. 22. 197 (1896); l:Omp8.re also G. Simon, ibid. 33. 41}1) 

(1901). i E. Laqueul' 8.nd O. Sa.CkUf, ODfmeister'f; Beitrage, 3. 193 (1902). 
II 0, nam~ Maly's Jall~r. 4. 18S (ISH). 
II W. D~'lWliburton. JOUffl. (If Pky:riol. 11. 448 (1890). 
111 W. CronheiUl8.ud E. Miiller, Jahrlnfckf. Kintkr/teilkt,lflde .. N.F. 47. 45 (1902): 

H. CoIll1:lodi, MibtcMMr ~!ed~in. 1f·~r. 1901, p. liS . .. 
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according to Osborne as stated on p. !!'74, while the haptogt'u. 
membrane has been studied by .Jamison and Hert~ see p. :?76. 

Milk when acted upon hy rennet is coagulated owing to the 
rennet-fermeut converting caseinogen into casehl, or, to nse tht· 
terminology of Hammarsten 1 cha.nging .- Kasein' into 'Parakasein.' 
Casein resembles the unalten3d caseinogen in heing readily soluhle in 
alkalies, but its lime sa,lt is ins01uule. If, therefore, a. eolnble lime salt 
iiJ present in solution along with e-ascinogen, then under the iufhwllce 
of rennet-ferment the solublf· calcium cast'inogenate is cbanged into 
the insoluble calcium caseinate and the milk curdles. e 

The prr.JCess of cmtgult1tion takes place in two sta.ges, and these 
may he sepu,rated frOIn one another temporarily.:l The first stage 
consists itl the fermentatire change whereby caseinogctl is conycrtccl 
jnto casBin, and depends solely on the presence of the remle1-
ferment j the second stage is characterised by the curdlinp; of the 
milk or caseinogen-solution containing the altered ~~sejn. This 
curdling can only take place, howev{'l', in the presence of lime 
salts j fof' if the lime salts ot the milk be removed hy an oxalate) 
then the c.'l.Bein does not separa.te out.4o Hallibnrt.on 2 reserves the 
expression casein for the coagulated caseinogen) and uses the tenn 
caseinogen for the native a.lbumin, so as to express the a.nalogy 
which exists between the coagulation of the mother-substance of 
casein and the mother-substances of fibrin and myosirl, which he 
terms fibrinogen and myosinogen. 

In all its other properties Gasein completely agrees with caseinogen 
except that it is more readily precipitated by sodium chloridet and 
therefore casein may undergo a kind of coagulation [, if large amounts 
of sodium chloride be present. Want of knowledge of this fact 
seems to have led to many of the contradictory statements found in 
the literature. 

The process of true coagulation is according to Hammarsten 1 all 

1 O. Harumanten, J[aly's JaJ]/res6cr . .f. Tierclwmie, 2. 118 (18.2); Sitzuny"ber. de!' 
Kiinigl. Ge.r;ellschaft rI.. WisscnschaJten Zl1, Upsnlu, 1877. 

:! W. D. HaJlibrrrton, JIlJl'rJL 91 Physiol. 11. 44$ (1890); O. Hilmmarsten, Moly',; 
Jakresber. /. Tkrdu;mie, 2· 118 (1872); Sitzunqsher, del' J1i;nigl. (-lesdlsduift d. 
Wissenschaften ztt Upsala, 1877. 

3 S. Ringer, ihid. 12. 164 (1891j. 
4. M. ArthulJ, ArM. de Physiol. norm. et prdltol. 1893. p. SiS; 1894, Ii. 257; ~. 

Ringer. ibid. 12. 164. (1891); O. Ha.rnmar~u, Maly's Jakrcaber. f.. Tier&kelllil!, 2. llS 
:1872) ; Sitzungsher. rieT Kiinigl. GeseUsduift rio WUII}Tl.8cAajten zu llpsala, IB77. 

5 O. Hammarsten, Ze:iisclor. j, pkysiol. ahem. 22. 103 (1896), 
2 D 
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irrevernible onc. Soldner'l atJd Courant:2 ha.ve stateJ that to bring 
a,hout coagubtion a. solnHe lime S;llt. is essentiaJ in addition to the 
calcium easeinogenate, and although Hammarsten 3 contradicts this 
"ie'l.\', there cannot he allY douht that an additional soluble lime salt 
facilit.ates cQagnla.tion grea.tly. Rennet causes coagulation whatever 
the react.ion of the caseirlUg:en~solution may be. Coagulation is 
hastened hy small amomlts of acid and 1s slowed hy alkalies.4 This 
i::; due, as SilIcIner bas shown, to acidification of' the milk leading to 
b,rger <nnonnts of soluble lime stllt~ heing formed at the cost of the 
calcium phm;phn,tr, and 10ice rersa. 'fhe pl'ecipitation of caseinogen by 
mCI~ns of salt i& an alt.ogether different proc~s~ from the coagulation 
caused hy acids, ~tlthough both processes nlay 1;e at ,,,-ork simultane
ously, as, for exnmple\ when milk reaches the stomach. According to 
Lindemann _j no difference exists as reg&rds digestibility between the 
precipitated (,}llcium easelJ)ogenat,e (11)(1 the coagulated calcium caseln
ate, or, if there he a difference, it is one due to the size of the fioccuii.'; 

The rennification of milk b,v the gastric mucous memhranc of the 
ca,l{ al1{1 .tho hy certain plants was known to the ancients, bnt 
gradually it has also become knmvn t4at the gastric juice of non
mammals,? th(! pancreatic juice,1j the digesting secretions of many 
invcrtebmtes,I' and aJso many extracts of organs 10 contain a rennet
like ferment, that, in short, the renuct,fennent seems tu occur where 
proteolytic ferment,'; are met with. Pawlow 11 has therefore expressed 
the hypothesis that rennet is not a, special ferment at aU, but that aU 
proteolytic ferments possess the power of coagulating milk. Space 
forhids to enter roore fully into this question. 

So far caseinogen has been represented as an individual substa.nre, 
~'lnd this view of Hammarsten}g i.'$ the one generaUy accepted, but 
the following points ngainst this 'View must he noted {Cohnheim). 

) F. Solduer, Iiis8el'[(lti';>lI, Erl8,ngen, 1888. 
\! G. ('%ll'ant, J'fti},.(!er'/J Archiv, 60. 109 (1891). 
3 O. Hmnm(n'st(m, .. Vnl_1/R JaJwesber. 4.135 (18741, 
-l A. Weihel, Arbl!iten il. d. fla.ised, Ge:mndlU'iismnf, 19. 126 t190;!\ 
:; W. Liud(lUllI.nn, Virdww's A'l'Cki~l. 149: 51 (1897). 
6 E. v. Dungern, MilncheneT medizin. WodunscWr. 1900; IL p. 16tH. 
'7 R Neumeio;te.r, Lek.rbmh der phYlJiol. OMin., 2. A.ut}., Jeua .. 189i, :po 242. 
~ W. Kiihne, Heidelberger ntJiftrk.~ml!d. Verein, N.F. I. Heft 4, 1876; W. D. 

Halliburton and F. G. Brodie. JoU'NL. of Pltysioi. 20. 97 (1896); A. lilt, Zmi'nubl. 
fur Bak:tM-Wl.. 1. AbteU, 32. 471 (1902). .... 

9 O. Cobnheim, .zemchr. f. physi(lZ. OhM'll, 35. 395 (1902); R. Koocl't, Pfluger's 
A.-ck. 1111. 1M litOO). 

II) A.~, J(jU1"n. of Physiot:. 19. 466 (1896). 
11 J. P. Pawlow and S. Po.ras:tscbol1k,.~~e1'k. d, &ktiMlf. Au.at., l'hys. u. mt'd. Chem. 

dM' Vt!rs. ~:Sat1lif()'f's<iM:T'Up.d.A'I'Zte in HtlsingjOTfI, 1902, p. 28. 



IX THE PHOSPHO-GLOBULINS 403 

1. Hammarsten himself has found that. it is impossihle to com
pletely remm-e the caseinogen by me:ms of precipitation with a.cids 
and by rennet-coagulation, for there always remains an a]bumOl~e-like 
hotly which he calls whey-albumin (' ~jolkenciweisi3 '), 

2. )dexandcr 1 has shown that It slight tlll'hidity occurs on adding 
1'2 of :t saturated a.mmonium-sulpIULte Folution, ulthou~h the main 
hulk of the ca.seinogen is precipitated hetween the points 2'2 301hl 3'6 
ammonium sulphate. Alexander Itnd Hofmei::;ter 2 further hold that 
the feeble but diM,inct )lolisch-reactioH which is ohtained with ca&einogen 
also points to it~ not heing a uniform substance. 

3. 'Vroblcwski a has oLgervcd an aJhumin which is not pre
cipitated by acetic aci(l hut simply rendered opalescent, and which 
therefore he calls opalisin. Thi" subRtance occurs in very small 
a.mounts in ('ow\; milk, and somewhat more f~bllndantly in horse and 
human milk. Opalisill rnay he salted out with sodium ~hlorjde or 
magnesium sulphate; it is 801uh10 in water and nou-coaguhble; it 
gives the colour-tests of albumins, aho those nut given by caseiu, and 
1S further remarka.ble for its unusually low C- a.nd high (4-'7 per 
cent) i:3-content. 

4. Storch" precipitated the main bulk of thB (',.,'Ulcinogen with either 
sodium or magnesium sulphate, and then saturated the filtrate with 
the other salt. There is sepamted hereby a substance of low C- and 
~-content and high S- and P-percentage (2'09 per cent); it does not 
curdle with rennet, and hecause of its heh:tviour towards hydrochloric 
acid is said to he a nudeo-proteid. 

5. I,aqueur and Sackur/' after drying caseinogen between 94 Q and 
100/ found one portion, the' sodium caseid/ to become insoluble in 
alkalies, while another portion, the' jso-casein,' was still soluble. There 
existed also differences between these two substances as regards com
position, reaction, and equivalent weights. 

Against aU these st..'l.tements the ohjection may be raised that the 
substances just enumerated are identical vtith !ado-globulin, which 
also is precipitated from milk by mean" of a.cids, or with some 
derivative of this lacto-globulin. It is true that the composition of 
the preparations of \V roblewski and Storch speaks again,gt this 
hypothesis, but as yet it is uncertain as to whether we arc dealing 
with a pre-existing albumin or whether caseinogen dissociates very 
readily (Cohnheim). 

1 F. AJennder, ZeitscJw./ physid. Ohem. 25, 411 (l89B). 
2 F. HafmeiHter, Ergebnisse d. PJWaiol. 1. 1. 759 (1902). 
3 A. Wroblewski, Zeitsdtr. f. pk!liif:ol. C/wm. 26. $08 (1898) . 
.. K. Storch, MonatsMjlef. eke/mit., 18. 244 (1897); 20. 887 (1899). 
~ E. La.queur and O. Snckur, Hofmdster's &itriige, 8. 193 (1902). 
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In addition to caseinngen, lacto-globulin and the still hypothetical 
lactalbumin, no other albumin!> are met with in Inilk.l Albumoses 
are completely absent; hut milk containR a whole number of nitro
genou~ extrnctkes, such as Siegfried's pho>ipho-C3mic acid, or phospho. 
sarctic acid, ~ pro,-ided that this substance be not: formed from tIll' 
!11bumin during its manipulation. 

The CaseillfJ(lcns oj othrr j_llilks 

The cascjnDgen of human mHk has been especj:_;]ly jm'cstigated hy 
\Vroblewski,3 Kobrak,4 lind Hohmann;' It is cert.ainly difl'erent from 
cow-ca.seinogen. Formerly grN\t stress was laid on the point that 
cow-ca.seinogen in curdling forms coarsl:! flakes or a firm coagulum, 
while human caseinogen briYm; rise t.o fine jelly-like flocculi, but 
Courant I) and Kobrak have proved that this difference depends simply 
()n t.he varying amounts of phosphorus found in the milk of the cow 
lll1d that of ,\'omall, tLrld also on differeHces in the reactions of these 
t\,,·o milks. On the other h<tnd, Kobrttk -l and Haffner'J have found 
th.tt caseinogen is not precipitated directly hy acids fl'{Jm human 
milk, but only :titer the latter has been dialysed, Accol'ding to 
Kobrak, human milk possesses also quite a different acidity from 
that found in C01':'S milk; but. after repe;.tted precipitation anu 
rC-!::101utjon human mHk hecomes more and more like cow's milk 
Kohrak explains this phenomenon as due to the admixture. of il 

t\econd, alkaline albumin, The most important difrerence has beel! 
discovered by Ruhmann: h\lIm~n caseinogen gives a strong ~I()lisch

reaction, while cow - caseinogen gives a just perceptible reaction. 
Therefore these two caseinogens must differ from one another. 

Donkey's milk has been studied by Ellenberger 8 and Storch.!) III 

its composition alLd properties it closely resembles human milk; the 
caseinogen shows no peculiar features; Storch succeeded in de 
composing the caseinogen into the same constituents as he obtaine( 
with cow's milk. 

l \V, D. Hallibn:rtoll, Journ. q( Physiol. 11. 448 (1890). 
'J M, Siegfried, Zd,t8cnr. f. plil/sid., Ck-em. 21.350 (1895/; Martin Miillet·, ibi 

22. 561 (1897); K. Wittm~k, ibid, 22. 587 (1897); M. Siegfried, ibid. 2~ 

[175 (1897); R. Krilger, ibid. 28. 530 (1399), 
a A. Wroblewski, Dissertativll, Bern, 1894 . 
• E. Kohrak, PjlUger's Archh', SO, 69 (1900). 
5.B. RCihnlAnll, l"erh. dedfiinj~m inttrn. Physio{.·KongHsuB ZIL Turif4, 1901, 
1;1 G. CaU"):r~; .Pfluger's ~1j1'ck. 50. 109 {1891}, 
7 ~ 'f[alfn:~r. DisserlatUnL, Tiibingen, 190r. 
~ E\Uenbel'ger, A1'"di . .(. (Anal. u.) Pkl/.i'iol. 1399, p. 32; J.902, Suppl. p. 313, 
~ C. Stast,.MonatsJi" f. omm. 23, 712 (1902). 
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Goat- and horse-caseinogen dissociate when dried into two sub
stances, as does cow-caseinogen) according to La.queur and Sackm', 
Horse-milk contain.s, 8.(.'CoI\'ling to \V roblewski, much opaJigin. 

2. Vitellin 

From the yolk of h£tns;' eggs may be prepared a phosphorus
c()nt..'\ining alhuminous ~ubstancc, which was invcstigR.ted by Hoppe
Seyler,J and cltlled by him 'vitellin.' According to Zadik~ it 
contains 12 per cent. nitrogen and l·:n }lBl' cent pho~ph\)rus. hs 
coagulation-temperature is gi,-en hy 'VeyI:3 as '( /)"'; it is not ~itlted 
out by sodium chloride, according to 'V cyl. Till now vitellin has not 
heen obtained free from lecithin j Hoppe-Seyler ar.:sumed yitcllin to he 
a compound with lecithin, in short, a 'lecitlh'llhumill.' The pnranucleic 
acid derivable from 'dtellin has hCCll carefully investigated hy Buuge,4 
\vho calls it 'hmmatogen,' while Levene a.nd AlsbeJ'g 5 simply can it 
I paranucleic acid.' Both preparations were, however, not free from 
albumin, and the analyses differ for this reason greatly from onc 
,mother. Levene and Alsberg found a phnsphorus~content of 9'SS 

per cent. This suhstanee contains masked iroll (see I), 44-7. under 
the nucleo-proteids). 

Neuberg () has obtained glucosamin from nn alhllmin occurring in 
the yolk, and also a radical which by oxidadon is cODyerted into 
rl-saccharic acjd. That t.hjs albumjH, which was first prepared by 
~Iayer,' is identical with yitellin is probable, judging by the account 
given of its solubHity. If this be RO, then vitellin Tf'seml;]es ichthu1in 
even more closely, for the latter also contains a carbohydrate radical. 
The simila.rity between vitellin and ichthulin was first pointed out 
by Hoppe-Seyler.' 

3. Ichthulin 

Substances closely resembling the vitellin of hens' eggs are also 
found in the eggs of fish; they bayc been known for a long time, and 
attracted attention because they occur in a crystalline form as the 

1 F. Hoppe·Seyler, Medizin,c/wil. Untersuchungen, p. 21[; (1863); J. L. Parke, 
'ittid. p. 209; Diak()DOW, ibid. p. 221 (1868), 

2 H. Zndik, Pfli1{/e7's Arckir, 77. 1 (189!!). 
:I Th. WerJ, Zeitsckr.f.pkIlSid. (!}I8J1/. 1. i2 {lSii). 
4 G, Bunge, ioU-I. 9. 49 (1884). 
:WP. A. Levene and C. Alsberg, ilrid, 31. 543 (1900). 
6 C. Neuberg, Ber. d. deu/..{;ch. chen~. Ges. M. Ill. 3963 (1901). 
( P. Ma.yer. Deutsch. rn-ed. WOC]le')uChT, 1899, p. 95, 
~ M. Gobley, Journ, de Pharm. et d€ Chim. 3rd Bel'. 17. 40] (1850,; A. 

Valenciennes and E. Fremy, Cmnpt. "rend. 38. 471 (1854); F. Hoppti<Seyler, ..l!edizin< 
chtm. Unle1'.,. pp. 215, 221 (1868) ; F. N. Schulz, Kristailis. 1'on EiweiSl. Jena, 1901. 
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so~cal1ed 'yolk-platelets.' 1 It bas co~t much labour to prepare 
ichthulin in a pure form. Hoppe-Seyler belicyes ichthulin to be a 
leeith-:dlmmin. -Walter2 has examined the eggs of the carp and 
Levene 3 those of the (,OU. 

Fc 

-_- -. i 
l'erc(·!Je. j"'rc€ut, l'('!(',>ut I 

1.'}'fH 

I C,d. j'L-, i 
The earp-ichthnlin contains a reducing sU)Jst.'wce, }Jut, like all 

nucleo-alhumins, no xanthin~bases j it only dissolYes jnto a clear solu
tion in the presen('e of alkalies, while to salt-solutions it imparts an 
opalescence. From such salt-solutions it is precipitated by diluting 
th~ salt-solution or by passing carbon dioxide through the solution. 

4. Cell-Nucleo-Albumins 

In the plasma. forming the body of the cell, or the cytoplastru1, are 
f()lmd, in adJition to the glo1mlins, and substances belonging to the 
myosin ~ group, constantly also iron - containing nueleo - albumins. 
These latter have been investigated uy Halliburton, ~ Liliellfeld,:> 
Hammarsten, G and Lonnberg,1 a pnpil of Hammarsten. 

The cell-nucleo-albumiu>5 give the ordinary reactions of the 
nucleo-~~lbumins, i.c. their salts are readily soluble, while they them
selves are only slightly, or trot at all, soluble iu pure water; in dilute 
MIt - solutions they are more readHy soluble. Some of the sub
sta.nces isolated formedy by Halliburton may be nucleo - proteid::;
derived from the cell-nuclei. From the nudeo-proteid of the liver of 
the snail Hammarsten isolated a carbohydrate. The nueleo-albumin 

2 M. Gobley, J(iUrn. de Plwr-m. d de CAi?ll~. 3rd ser. 17. 4(1l (1850; A. 
Vale.ndenlles and E. Fr(\my, (0mpt. 'rella. 38.471 (1854); F. Hoppe.Seyler, Mediz.i'll

dum. Unters. pp. 215. 221 {1868,; F. N. Schulz, Kristall~. ~'on Eiwe-i$. Jf;lDIl, 1891. 
e G. Walter, Zc(.t,qch.r. f.. physicl. Ohern. 15. 477 (18in). 
3 P. A. Levelle, ibid. 32. 2B1 (1901) . 
.. W. D. HaJ.libnrtoD. 'The Protei.u of Kidner and· Liver Cells,' JOU1"1I.. I)f PhylJiDl. 

13. 896 (1892); 9. 229 (1888); 'Prot.eids of NerYous Ti~ues)' Wid. 16. BO (1894) ; 
HallibtU'ton and Gregor Brodie, 'NIlcleo-Albumins and lntravasc. Coagul: ibid. 17. 
135 {l894); Fo.rrest, '.Red Marrow,' ibid. 17. 174 (1894); F. Gourlay, . Thyroid and 
Spleen,' ~c ~ 23 (1894). 

r; L. ~ld, Zeit3chr.f. phllsUJl. CMm. 18. 473 (1893). 
6 O .. Ha.mmaTi3Wn, 'Studies On Mucin,' etc., Pjhifler'a Arch.. 36. 373 {18S5). 
, I.golf ,rg• S,",""'" AM. f. PI<y"',l. 8. 1 (1890). 
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[ the kidney, that of the lymplHorpuscles and of the lin'r of tlm 
1ail, form with concentrated &alt - solutions a mucilaginous jelly, 
'hile according to Halliburton the nuc1eo-alhumin prepared frorn 
lammalian }il'el' does not show this peculiarity. The colour-reactions 
re those common to other albumin'S; the hiuret-test gives II violet 
JIour. They are only completely precipitated by sodium chloride 
11phate if the solutions are saturated; ammonium a,nd Dltlgnesium 
Ilphate precipitat.es in half-saturated solutions, but the exact pte
pitation-limits ha.ve not yet been worked out. 

The coagulation - temperatures for the uncleo - alhumins (If th(· 
idut'y Halliburton found to be 63", and from 56' to 60 0 for those of 
lB liver and many other organs. 

The nucleo - albumins of the snail's liver and of the leucocyt,e!' 
ave been completely analysed, and those of the kidney and 
lammalian liver partial1y. 

5. Nucleo-Albumins resembling Mucin 

It is difficult to draw a line of demarcation between these sub. 
:.ances and those descrihed ahove. As regards tbeir pbysical pro. 
erties they hehave like the typical mucins and nlllcoids, for with 
eutral ammonium or alkalj-)3.a}ts they form -viscous solutions whidl 
tay be drawn out into threads; they are precipitated by acids. 
~Then they are denaturalised by too strong or too prolonged action of 
lkalies, by prolonged hoiling, or treatment with :tlcohol, they lose 
leir mucinoid character. It is not possible to coagulate them. 

Our knowledge regarding these Buhstances we owe to Hammarst.en 1 
~d to his pupils. Paijku1l2 and Lonnberg,3 for they showed that the 
lucinoid substance which is excreted by the kidney, the gall-bladder, 
ld the synovial membranes of the ox is not a mudn but a nucleo~ 

bumin. The urin of the ox also contains only a mucinoid Ilucleo
:bumin. while the bile of man and dog 4 contains a true mucin. 
alkowski !.i has found in the fluid which accumulates during coxiti::. 
l the human hip~ joint, in addition to the nucleo-albumin also a 
tucin or mucoid. 

All these substances contain a fairly high percentage of sulphur, 

I O. Rammarsten., 'Chemistry of the Synovia,' auto-abstract in .JJaly's Ju,h-ruber. f. 
........ 12. 480 (1882). 
~ L. Paijkllll, 'The Mucus of the Bile,' Zeitsc}/.'l'. j. physiol. OMm. 12. 196 (1887), 
, J. Lonnberg, • Albumins of the Kidney- and Urinary Bladder,' Skanairw:v. Arch. 

Ph""",. 3. 1 (1890). 
4 L. Brauer, Zeitsehr./. ft'llM-ol. Ohtm. 40. 182 (1903). 
I> E. Sa1koW8ki, Vira/um;'s AM. 132.304 (18118). 
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hut <:ttherwisc they differ in their composition. They contain no 
carhohydl'ate; on digestion , ... rith pepsin and hydrochloric acid they 
yield :L psc'Hlo-nuclein j the pseudo-nuclein of the synovial nucleo
alhumin amonut;,.: to ahout 4. per cent of the allJumin, and contains £) 

pel' cent, of phosphorus. 

HistOll€'S arc ;L\lnnniIlous :'Iuhstances which, possessing a relatively 
high percent.a~e of hllS1C radicals, are therefore prepondemtjngly 
1/It,.;ic.1 For this reason they I~re precipitated hy :tlkalies-which 
('onstitutes their most remarkable })fo})erty,-altbough most histones 
l'pdissoiyc Oil adding an excess of alkali. They are yery soluhle in 
Itcidl-;, nnd therefore :t.re in cl-Tcry respect tlle opposite of such acid
nJhu)llins a); the g)0111111IlS and CaSt:illogens. Hjstones do not occur in 
tilt' free sttttC', lJUt at·ways coupled with what Kossel calls ~1 'prosthetic 
t_:..roup,' Histones ill such combinations giYe nsf:' to somc of the most 
impOl'Wllt cell-co1lstituents known, namely, to hmffioglohin, nuc1eo
protcidst etc, 

The first histone was isolated by Kossel 2 from thc red hIood, 
corpuscles of the goose. Another histone was extracted by Lilienfc1d 
from the leucoeytes of the thymus; amI t.o this gronp belong also 
certain albumins occurring in combination with nucleic acid in the 
spermatozoa of fishes. Finally, the albuminous radical of hromoglobin, 
nnme]y, the' globin,' is also held to btl a histone, although it differs 
'''01ncwhat in its reactions from the other bistones. Globin contains 
less nrginin than a typical histone, but, on the other hand, it contains 
a higher percentage of histidin than does any other albumin. 

Bang 3 gives fiye react.ions as typical of histones (see belmv); but 
it is necessary to point out that the distinctly basic character of the 
llistones i,s of more importance than is the presence or the absence of 
wme of these reactions, which are not common to all the members of 
the histone-group. Attention must .also be drawn to the fact that, 
a.s in the ca.se of the globulins so here, the acid-albumin radical of any 
given alhumin has occasionally been mistaken for a histone, for in 
acid-albumins the albumin plays the part of a base. 

1 A. Koa...;e}, Jkutsck~ med. Wochen$ckr. 1894, p. 146; J3er. d. deut8ch. ehern. Ue,~. 
34. III. 3214 (I,SQl) ; Bull. d£ la Soc. chim. de Paris, 3rd set. voL xxix. No. 14, 
July 20, l~a; .... KO$llel and F. I\utschcr, Zeits<..>ftr. f. phylliol. Clum.. 31. 165 
(19DO). .' 

2 A, K08S(lI, w,'d .. 8. 511 (IB84). 
3 J. '&ng.,~. 27. 463 (1897). 
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Reacti.(Jt{s oj llL"t(tlles (Xu~. 1 to [i after Bang) 

1. Hist.ones are precipitated from their )vatery soInt i{)l!s by 

ammoni:l. Thi~ reaction 1S the most importa,htr for it, led origina.1],\" 
to thE' discoyeryof the histones.1 AccorcUng t() y, Furth ~ myogen 

(Halliburton"s myosinogen) is also precipitated by a.mmonia, and the 

flocid-albumins bchaye similarly (Bang), but t,he precipitates of these 
mbsta.nces reciissoke ill the slightest cx:cesl:s uf ammonia, Lmd th(~ 

precipitation is never complete, while in histone-solutiow; ammonia 
[lroduces an abulldant heavy precipitate. !JJ f.'xce:;;s of ammonja tlle 
b.istones are soluble, and they are even more readily dissolved by an 
;xcess of free alkali. The amonnt of a,romonia required to prpcipitate 
~ist()nes and to rcdis~olve the precipitate differ\:; for the individual 
:1istoncs. The thymUl~-histonc ~nd that prepared from the mackerel 

'S only completel,r precipitated Ily "mmonia, ItccorJing to Hang, if 
mlts are also present. Bang's statements regarding the other histones 
ire not eorr'pet and are also not qnite accnrat,e regarding the thyuJ1ls

.listone (Cohnheim). 
2. Histones are coagnlattu by hoi ling only in the presence of 

;alts, and even then not completely, for if the preeipitates be diHsoh-ed 

n <Leids and be then neutralised ther remain in t:lolution, showing that 

;hey were not com'erted into acid-alhumin, and for the same reason 
,hey arc again precipitated on being heated. It is at present im
Jossible to say in how far hist.ollr,~ differ in this rt'?pect from other 
llbumins and wha.t part if! played 11,)' the alnount of :wid or hase 
)resent. 

3. ,\Vith nitric acid hiF;tones give a precipitate in the cold, which 

iissolves on heating and reappears on cooling. Therefore they giH 
he reaction which is generally said to be typical of albumose>;, and 
{ossel for this rca.<;on classed histones originally amongst the 
Llbumoses. 

4. "Thile the other 'albumins are only precipitated by the so-called 

.lkaloidal reagentrs if the reaction be acid, histones are precipitated 
rom neutral solutions.3 They are) therefore, precipitated by sodium 
Ihosphotungstate or molybdate, sodium picrate, or potassium ferro
yanicle; globin is dissolved by an excess of the reagent, probably 
.ecause the reaction of the solution becomes alkaline. The histone 

1 A. Kossel, ibid. 8. 511 (1S84); 32. 81 (1901). 
:1 0, v. Furth, A1'w. f. experim. Path. fl. Pharrnak. 36. 231 (1895). 
3 A. Kossel, Zeitschr. j. phY3id. CJwm.. 25. Hi,') (lE98); Ki>slJel and F. Kl)tscner, 

nd. 31. 165 (1900); A. Mathews, ibid. 23. 399 tI897); J. Bang, ibid. 27. 463 
[899); 32. 79 (1900). 
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prepared from the markerel resembles the protamins in being precipi
tated from f('ehIy alkaline solutions. This characteristic reaction (l[ 

the histQnes depends on their lmsic character, which allows them 
to become less .strongly hydrolysed than other alhumins. 

5. 1\eutral SOlutions of histone give a precipitate \\ith solutions of 
ov-albumin, casein, ,tnd serum-albumin, if these are pOOl' in salts, and 
albo with egg-albumin fwd blood-serum. The precipitate contains 
for one pltl't of histollc two parts of casein and serum-globulill, but 
only one p .. ,\rt of ovalbumill. The precipitate is soluble in acid" and 
alkalies, alld is not precipitated hr ;:Immonia or other alkalies jn the 
presence of salts. 

Th,! two reactions just mentioned, namely, the pr~cipitation of 
bist01W8 by l,tlcaloidal reagfmts from neutral or alkaline solutions, ;md 
the power of combining with a.lbumins to form insoluble compounds, 
a.re common to hoth the histone:; anti the protamius, and also to bome 
albumoses, set fnJe by peptic digestion from fihrin 11lld certain other 
albumins, according to the statements of Kutscher 1 ~1nd Bang. 

lIistones haye also thc following reactions in common: 
6. They resemhle acid - alhumins by being precipitated fl'om 

alkaline, neutral and acid solution!'> hy the addition of small amounts 
of salts (Bang, Huiskamp).' 

7. Their sulphur content is 101\", while in accordance with their 
basic nature their nitrogen-percentage is bigh. 

In other respects histones giyC, like ()ther albumins, the usual pre
cipitation-tests. Ether, even when added in small amounts, leads to 
the histone fSeparating out as a buoyant mass) swimming on the surface 
of the layer of ether.3 The sa.ltjng~out limits, the colour-reactions, 
the dissociation~products, and the readiness with which dissociation 
i8 brought about differ greatly with each individual histone. As 
already mentioned, tho sulphur is low in amount, and the }r.ad
sulphide reaction may give negative results. Finally it is of great 
interest that Kossel;!, by combining protamin and albumin, obtained 
precipitates which possessed all the properties of the histones. 

1. The Thymus-histone 

Lilienfeld 5 first prel"'red a nucleo-albunlln, which he called' Dueleo-
histone,' by adding acetic acid to ~ watery extract Qf the thymus 

1 F. Kutl3oher. Zcitschr. f. pkyaiol. Ohem. 23. 115 (1897), 
, W.ll~ibid. 32. 145 (1901); 34.32 (1901) . 
• R. -.'_. 32. 850.(1901). 
f A. ~oasel, ))eu.tsclte mt.d. JrtidtmsdJ,r. 1894, p. 146; Zeitsdtr, f. pflysWl. Ckm, 

22. 116 (18~'" ' L. Lili,nield, Wid. 18. 473 (1898). 
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gla.nd. The precipitate obtained in this way, on being slmkC'n up 
with 0'8 per cent hydrochloric acid, Was supposed t.o break up into 
histone (which remained in solution and which could be precipitated 
by ammonia), and into leuco-nuclein, 'which was held to he an alhumill 
+ nucleic acid compound. Since l .. ilietdcld's t,ime the f('adily a,ccessihlf', 

thymus·histoue has been im'estigated hy KOllsel, Kossel and Kutscher.! 
Fleroff,:! Bang,S lHalengreau,4 and HniskllOlp.5 

Lilienfeld's ~ lindeo-histone' consists, a.ccording to Hui~kllmp, 

l\!alengre::m, and Ba.ng, of two di .. tinct !ludeo-albumins. HuiskRrnp 
Jistinguishes between :l nuc1eo-alhumin frce from histone una a IlHcleo
hjstone; }lalengreau between a nuclco-histone (A-nueleo-albumin) 
and a histone-lluc1eiwite (B-llUc1eo-albumin), a.nd Bang between a
lluc1eo-albumin free from hist.one j a bist.olle-mld'3inate

j 
Rnd }'lcroffJs 

para-histone. 
Before entering into these d.ivergent viewe; the author has given a. 

achort account of the methods which have been employed. by Malen
groau, Huiskamp,. and Bang for the separation of nucleo-albumins) 
('specially (l.S these substances act as vpry strong oxydae;es, jn which 
eonnection they ha.ve been investigated by the author. 

JVethod$ for separating' lYuileu ... anwJlins J and 'Jiis/{me' 

1JfaJengrwu's ilfcthod.~A watery extract of minced thymus i~ 

repeatedly precipitated with acetic acid, and the precipitate redisbolved 
in sodium ca,rbonate or caustic soda solution. From the finttl sodium 
carbonate solution the ~ uucloo-proteid) or A-nudeo-albumin separatei'> 
out on being saturated to hetween 30 and 4:5 per cent with ammoniunl. 
sulphate, 'while the nucleo-histone or J~-nucleo-a.lbumin is thrown down 
by 56 to 72 per cent satura.ted ammonium sulphate solution. By the 
addition of 1 per cent He} to the 'nucleo-proteid' 01' A-nucleo-albumin, 
Malengrea.u obtained a 'histone' which waS precipitated by 45 pel' 
cenl! saturated ammonium sulphate, while the' histone' obtained by 
1 per cent He) from the nudeo-histone or B-nucleo-albumin required 
at least 55 per cent ammonium sulphate. Malengreau f.ound both the 
nueleo-histone and the nncleo-albumin to contain adenin and goonin. 

1 A. Kossel, ZeiUchr. f. Chem, 80. 52(1 (1900); 31. 410 (HtOO); A. KQH~l and 
F. Kuw.her, ibid. 31. 165 (1900). 

II' A. FlflIoJf, ibid. 28. 807 (1899). 
~ J. Bang,)ihid. 27. 463 (1899); 30. 508 (1900); 31. 407 (1900); H()/meister's 

Beitrdge,4. 115 and 331 (1903); and 862; 6. 817 (1904) • 
• F. Malengrea.u, La OelluJe. 17. 839 (1900); aIId ibid·. 19. 2S5 (1902). 
II W. Ruiskanlp, Zeitsw. f. phyiMl. Ghem. 32. 145 (19(1); 84. 32 (1901); 39. 

bb (1903). 
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The A-nuc1eo-albumin is soluble in 0'9 per cent NaCl and in 0'1 per 
cent CaC!. 

J[uiskamp.-Extract 200 grammes of finely minced calf-thymus 
free from fat at a low temperature (which is better than the addition 
of chloroform) with 600 ccrn. of water; filter and centriiugalise the 
extract to separate the 'nucleo-proteid/ which is soluhle in calcium 
chloride solution, from the (uucleo- histone' which, within certain 
limits, is not. ::;olublc; a.dd to each 100 cern. of the clear solution, 
) ccm. of 10 per cent ca.lcium chloride Sohltion, so that the solution 
contains ± 0'1 per cent of calcium chloride. [The author has repeated 
these experinH'uts with equivalent amounts of harium chloride and 
finds it anRwet" e,'en better.] Calcium chloride may he added up to 
0'5 per ceIlt ·without dissolving much of the precipitate, but t.he latter 
completely di~soIY()s in 2 per cent Ca('l2 solution. Centrifngalise 
otf the calcium chloride-precipitate and dissolve it in water with the 
help of It few drops of dilute ammonia; filter; reprecipit..1te with 
C;te};:; centrjfnp:alise; treat preclpitHte of Iludeo,histone fflr some 
hours with 100 ccm, of a 0'8 per cent watery solution of HeL 
sh:1king repeatedly, and the 'nuclein' will remain in the precipitate, 
while the histone goes into solution. [The insoluhle nuclein gives 
the proteid rellctions except the glyoxylic one; it contains large 
amounts of the purin-bases, especially adenin, and contains phospborus. 
It, is soluble in dilute ammonia and is repr-ecipitated by acetic or 
other acids.] To ohtain histone, dialyse the hycil'ochlor)c acid extract 
to remove all traces of HCI and CaCll?' and other salts) as these interfere 
with the precipitation of the Jlis;tone by means of ammonia. ,\-hen the 
solution is almost neutml precipitate the histone with ammonia. 
Histone is insoluble in excess of ammonia., but is soluble in excess of 
~aOH. As histone combines with Hel it must be a base, and the 
nuclein-radical to which it is joined in the Dueleo-histone must there
fore be acid. 

HUlskamp asks himself the quest jon whether the Duelec-histone 
precipit.."I.ted by the calcium chloride is a compound analogous to the 
casein of milk. Are we dealing with'(l) CaCl2 + nueleo-histone j or (2) 
withOa + Dueleo-histone; or (3) does the calcium chloride solution simply 
render the Dueleo-histone insoluble ~ His answer to these questions is 
that calcium play!; the part of the base, while nuciao-histone l'epreaents 
the acid radical. From this 'calcidm TI_ucleo-histonate" the calcium 
may be removw_ by 5 per cent acetic .acid: That the nuc1eo-hiBtDne is 
a.cid he ~ is proved by the fact that the reaction of the solution 
in which it is suspended remains neutral on the addition of ammonia 
till the w~ of the precipitate is dissolved. As free nucloo·histone 
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is insoluble in water, and as its compounds with earthly al1mlies Ilre 

slightly soluble, it must be present in the watery thymus extrad 
probably as an alkali-salt, and therefore the following interaction mu:<1. 
take place on adding calcium chloride to a. 'wAtery extract of t}t~ 

thymus: 
Soluhle sodium - nucleo-his.t.onate + ColO!., 

= Insoluble ca1cium ~ nucleo-histollllte + N/;Cl. 

The dissolving action of ions with stronger electro-affinities is 
exceedingly interesting, and has been fully discussed by the auth()r, as 
far as corrosi,-e sublimate and sodium chloride are concertted, in hl~ 
Pltyslolo(licallIistol{l(l!J. See this hook, pp. 308-313. 

The solubilities of the salts of nueleo-histone are, aecording to 
Huiskamp, as follows:-

Alkali salts: soluble in water j more or less insoluble ill very 
dilute alkali salt solutions, ± 0'9 per cent NaCl j soluble. in excess 
of salts. The sodium nueleo-histone irs a viscous precipitate 
readily soluhle in water without the addition of ammonia. 

Magnesium salt: fairly soluble in water; insoluble in 0'1-0·3 per 
cent lrIgS04 ; soluble in excess of salt. 

Calcium salt: slightly soluble in water; insoluble in 0'1-0'5 peJ' 
cent CaCI2 ; soluble in 2 per cent CaC12. 

Barium salt: slightly soluble in water; insoluble in 0·1-1·S per 
cent BaCL}; soluhle in excess. 

Heavy metals -; insoluble in water and insoluble in salt solution.\;. 

Ammonium sulphate, potassium and sodium nitrate, potassium 
oxalate and tartrate, first precipitate and in excess dissolve the 
precipitate, 

To obtain the nucleo-proteid from the w'awry extra.ct of the 
thymus, Huiskamp first removes the llllcleo-histone with calcium 
chloride, a.s described above, and then adds acetic acid to the filtrate. 

Bang 1 minces perfectly fresh thymus-glands (500-1000 gramme.), 
and extracts for 24-48 hours with 0'9 per cent NaCI (1l-2 litres), a 
few drops of chloroform are added jf necessary. The extract so ob· 
tained, after having been centrifugaljsed and filtered, is milky ill 

appearance, and distinctly amphoteric in reaction, a.lthough more basie 
than acid; the gland apparently had undergone no change. 

Bang obtains, apart from globulin, from the thymus a nucleo
proteid, a nucleo-histone, and Fleroff's paratone; the nueleD-proteid is 
prepared from the extract by first precipitating the nucleo-histone by 
tbe addition of CaC~ to tbe extent of 0'2 to 0'3 per cent, and then 

1 IvlU' Bang, Holmei8ter's .&it1"ii.fj8, 4. 115 (1903). 
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adding either lime water or, after the extract had been rendered 
~lightly alkaline by the addition of an alkali, by adding CaC12• The 
most abundant precipitat,e i!5 obtained, howe\Ter, by the addition of 
very small amounts of Iwetic acid, for in 1 per cent acetic or in 0'2 
per ceJJt Hel the pre,cipitat,e disf;o]ves again completely. [This 
agrees with the hehaviour of Malengrclm's A-nucleo-albumin, and, like 
th(~ l<tttel', Bang's nnc1eo-albumin is soluble in O·g XaCl and in 0'1 
CaC12 I'lolutjolls; lil{e Huiskamp's nucleo-allmmin and Malengreau's 
A-Huden·albumin, it is precipitated hy half saturatillg the thymus 
extract with <1mmonimu sulpha,te. The precipitate so obtained does 
not, however, completely reJissolYc in distilletl water. 

The TlnelBo-l1lbumills of lIniskamp and Bang have the follov.-ing 
-percentage composition:-

0 H N P Ash 
Huiskamp 50-09 7'18 16-11 0'97 3-11. 
lJang 49-50 6'35 J 6-15 J -J2 2-;l6_ 

This nueleo-albumin is yery readily decomposed hy treatment with 
acetie acid or hy alkah into two components, one of 'which is very 
readily soluble in dilute alkalies, while the other is not. Acting on 
the acetic acid precipitate with 0'3 per cent Hel, the uueleo-albumin is 
Jjssociated (agreement between Malengreau and Bang), the substance 
-extracted by the Hel 11"" however, not a histone, as held by Malen
greau, lmt all acid-albumin, for" all histoncs fann with acids soluble 
salts possessing a neutral reaction," while the substance ext.racted by 
HOI is precipitated by- ammonia even before complete neutralisation js 

reached. This acid-albumin is precipitated by 20 per cent saturated 
ammonium sulphate, its nitrogen content is 16'59 per cent and it 
contains no phosphorus. The residue which remains after extracting 
the acetic acid precipitatt_~ of the nucleo-albumin with 0'3 per cent Hel 
jg a nuclein, cont.aining pbosphof1:lS and a pentose. The precipitation 
limits for ammonium sulphate are for this nuclein also 20. 

The nueleo-histone is prepared from the original 0'9 per cent 
NaCI extract of the thymus gland, or the latter may be extracted 
simply with distilled water. The Dueleo·histone. is precipitated by 
Huiskamp's method of adding 10 per cent CaC12 solution till the amount 
of this salt equals 0'2, or in very saturated nucleo~histone solutions 0'3 
per cent. The precjpita~e obtained in this way may be extracted 
directly with 2 per cent NaCI solution,l'but this extract is not readily 
filtrated and is therefore apt to putrefy. To facilitate filtration Bang 
centrifuga.l~_ ~ OaOI" precipitate, .hake. the latter well up with 

('i;'r; .... ,. • 

1 Not rendered soluble with ammonia, according to the methdd of Huiskamp, as 
ammonia det;dm~ ~he nllc.leo-bistone. 
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96 per cent alcohol and centrifugalises at once. Thc precipitate is 
now mixed with distilled water, allowed to stand for Rome bours, 
and the water filtered off; the residue, thorou;;hly ruhbed nl' with 
:)0 to U50 ccm. of :1 per cent ~aCl, filters rcadil.v after 21 hours. 
The filtrate containing t.he hist.one-sod1um nuc]einate j~ a pedL·(·t.Jy 
clear somewhat bluish, fluorescent solution. To pl'ecipitate the 
histone-sodium nuclein ate, the 2 per cent· salt solution is mixed with 
an equal lmlk of water, as the nucleinate is not soluble in I pl<f' cent 
NaCI; by st.ill further dilution the precipitate passes, howevt~J', into 
solution again awl may thon be precipitated by 0':3 per cent UaCl~. 

On saturating a sulution of histone-nudeillate with solid powdered 
Nael the histone moiety is thrown down, while the nucleic acid 
remains in solution. The la.tter may now be precipitated with 
alcohol. Tl) purify the nucleic acid foither lea.f} 01' (.'Opper salts may 
be used, with ·which it fOJ'ms insoluhle precipitates, or silvor 01' 

mercury salts with which water-soluble but alcohol-insoluble salts are 
formed. Dilnte acetic acid docs TlOtl while 25 pel' cent acitl does, 
precipitate nucleic acid, but acetic acid quickly decomposes nucleic 
acid into purin-bases and phosphoric acid. For analysis Bang used 
the sodium nucleinate. 

\Vhen a histone-nucleinate solution is saturated ,.,-ith sodium 
chloride to obtain the histone, and when in the filtrate the m:.deic 
acid is precipitated with alcohol, there still remains a substance in 
solution which is FleroWs 1 para-histone. It gives the hiuret reaction. 

The histone-calcium-nucleinate has the following percentage 
composition ;~ 

U H K S P Ca Ash 
43·69 5·60 16·8, O·H 0·23 I·n 8·57. 

The nucleinate of histone is thu~ characterised hy a \'ery high 
rhosphorus content. B.Y. calculating the ompirical furmula from Ca, 
we obtain 

Css Hl30 Nw 80'34 P4 CaOS81 

trebling this formula because of the sulphur the minimal molecular 
weight of 6974 is got from 

C25.) HSIIO N84 SP12 Cas 0114· 

The para-histone, according t-o Fleroff, has the' percentage COID-

position :-
C51·S4 H7·93 N17·S4 81·99. 

Bang found, N 17·72 S 2'23. 

1 F. A. Flerofi', Zeitsekr. j. pAl/sid. (J/1eIn. 28. 30i (1899). 
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According to 13ang, thymus-histone forms 'with HOI two kinds of 
salt:;, llamely, a neutml salt containing 6 el, and an acid salt "wi.th 
13 (;1. The 6 valencies of the histone, satisfied by the 6 Cl in the 
IIp.utral salt, are caI1ed the chief valeneies, \vhile the additional ,. 
"alellclBs, seen in the ncid salt, :tre called the accessory valencies. 
Each molecule of histone is linked, normally, to 6 molecules of 
nucleic acid, each of which has 4 valencies. In each nucleic 
acid 3 Valt'IlCies afe occupied by alkaJi-atoms (potassium, calcium), 
1 valeuC'), is firmly lihked to the histone - molecule, while the 
remaining fourth 'ntlency in o3.ch of the 6 nucleic acids is linked 
to G om, of the' ';' aecc!):sory valencies of histone Ilhove referred to. 
The remailling seventh valene~T of histone serves to link it to para
histone, whieh is suppo>;ed to possess 4 valencies, one of which is 
united to the histone, while the remaining three are joined to 3 
molecules of nncleic <wid. 

[The wora alkali meau~ K or Cu.. The dotted hues indicate the 7 accessory 
vu.lencie8 of the hi~tone and 4 a(~ce~sol'y \'alel~cics of the para-histone. Bang in hi,; 
~chematic repre:"elltution, of which the alJove is a lUoUl1ication, did not reptClient the 
act€'l\~ory valendes of the pura·hi.~toIle, !h the neutral para·llistone sulphate precipitates 
albumin Illllch h~tis than dne~ the neutral histone-salt.-Tlle Author.) 

As soon as any substance which is a stronger base than histone is 
brought into contact with histone-alkali-nucleonate, those valencies in 
the nucleic acid Illolec.ules which are satisned by the 6 accessory 
valencies of the histone will link up with the stronger base and tJw 
histone radical be converted from a 13 into a 7 valent base. 

The f9g.owiitg analysis of tltyrous-histone and para-histone have 
been made :.::..: ' 

[TABU< 
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The thymus-histone differs widely from other histones as regards 
its properties, its high sulphur-content, l-l.l1d its dissociation-products, 
which have been investigated by Kossel and Kutscher, and are given 
on p. 74 No. 3i. The high arginin- and t,YI'osin-contents arc 
especially interesting. Abderh~\lJen and Rona,2 employing Fischer's 
ester-method, found amongst the di::;sociation . products of thymo
histone: glycocoll, alanin, (£-pyrrolidin-carboxylic acid, phenyIalanin, 
glutaminic acid, tyrosin, and probably als,? aspartic acid n.nd cystin. 
Thymus-IJistone is readily digested, being even attacked by erepsin. 3 

2. Globin 

Globin is the only, or, at any rate, the most essential alhumin
radical of hremoglobin. It has been known for some time and was 
given its name hy Preyer,4 hilt it was first prepared in a pl1re state 1y 
Schulz;" and identified by him as a histone. 

Globirt differs from other histones in being precipitated by a 
specially small amount of ammonil1 or alkali, and also hy being 
equally readily dissoh"ed in the slightest excess of these reagents, 
and if the excess be at an great even in the presence of ammonia 
salts. Schulz gives the following percentage composition:-

C 54·9i N 16·89 S 0·42 o 20·52. 

Its dissociation-products are given on p. 70, No. 1. Jt,1). biglJ 
histidin- and leucin-content are worthy of notice. 

As globin ;s readily obtainahle from hremog]obin, and as the latter 
amongst all albumins is the one which can he prepared in the purest 
form, globin has often been used for experiments on digestion 6 and 
dissociation, and excepting some of the protamins, it is the most 
thoroughly analysed substance. According to Schulz 7 it is unusually 

1 J. Bang, Zeitschr. j.phynol. Che1n. 27. 463 (1899); 30. 508 (1900); 31. 40j 
(1900); Hofmeister'lf Beitriige, 4. 115 and 331 (1903); and 362; 6.317 (19040). 

2 E. Abderhalden aud P. Rona, Zeitschr. f. pltysWl. Chell~. 41. 278 (1904). 
3 O. Cobnheim, ilrid. 35. 134 (1902) . 
.. W. Preyer, PflAige:r's Archi-r. 1.,395 (1868); and Die Bl~(lkri8tall~, Jo}Ila, 1871. 
S F. N. Schulz, Zeit;JMt .. f. physil!l. Ch(':in. 24. 449 (1898). 
6 S. Salaskin and K. Kowalewsky, ibid. 38. 571 (1903). 
7 F. N. Schulz, ibid. 24. 449 (1898). 

2 E 
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readily digested by pepsin and by trypsin, which is difficult to under
stand because it cuucains much phenylalanin and but little tyrosin. It 
is uot attat:keu uy erepsin_l 

3. The Histone from the Red Blood Corpuscles of the Goose 

This histone was the first to 1e discovered. Kossel 2 found and 
described it, and also prcl,ared it by dissoeiatiug its nucleic acid 
Imlt. The percentage compositioll of Kassel's prcpmatiom; v;l,ried, hilt 
the K-eontt'llt W8.s high) beiug" O\'et 1 S per cent, ntllilc the amount of 
sulphur only amonnted to 0-5 PCI' cent. 

This histone is quite distinet from globin, as it is cOIJUtined in the 
Hudei, while bamlOglobiu is ouly present in the cell-plasm. 

4. The Histones from the Testes of Fishes and of other Animals 

Miescher 3 found in the unripe testes of the salmon in combina
t.ion with Jlucleic acid a budy which he regarded as all albumose, but 
which probahly belong:,; to the histones. Bang 4 ohtained from the 
immature testes of the mackerel a compound wiJich greatly tesembles 
l\Iicsehcr·s albumose and which he cafls scomhroll. But t.he affix 
-0/1 Illvl better be n'serYed for the peptone-like decomposition products 
of the }Jrotamins {Cohnbeiml. Both histones by matllrillg are changed 
into the protamins: salmiu and seombrin. But the spermatozoa of 
other fish, such a:3 the cod (Gadus morrhu,-"L [') and Lotl:1 vulgaris,t; 
as weU af.; those of the sea-urchin (Arbacia pustulosa j), even when 
TUil.ture, COil min not protamins but histones. 

The following analyses are available:-

: l'!!'ic·ti't. 
i·23 

1"', (,f'ut, 
J'·6-1 
1£1·79 
1t\'-18 I 
18·65 

(15·91 

Salmo·histone 
Sl:Olllber-liistune 
Lnta·hh!tone 
(.Ildu-,,-histone 

I Al'bacin·sulphate 

Miescher. 
, Bang. 

EhrstrOm. 
i Kossel and Kutscher. 
; ~lathews). 

The dissociation-products of the . Lota- and Gadus-hiatones are 
given 011 p. 74, K os. 38 and 39. Here also the high arginin-

1 O. Cohnbeim, ibid. 35. 134 (1902). 
2 A. Kossel, il!fd, 8. 511 (1-884). 
3 F. Miescher and O. Schmiedtlbtlrg, Arch. f. e..cperiment. Path. u. Phal'1lwk. 37. 1 

(1896). 
4 J. Thing, ZcitM:Jl.i-.j. physWl. Chem. ~7. 463 (1899). 
5 A. Kosael and, F. K\ltt;cher, ibid. 31. Hi5 (1900). 
, R. Ehrstrom, ibid. 32. oW (1000). ' A. Mathew, ima. 23. 399 (l89i). 
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content is nOLeworthy. The Lota-histone gins /l. stroll!; reaction of 
~Ioli8cbJ while the ;';comber-histoue reacts especially to Millon\; test. 

The Scomher-bistone atld ~liesch~'r's alhumose dift'er from other 
histones in not being solubJe in all exct'ss of ammonia even if salts are 
ab",ent; in not heing completely precipitated by aOllllonia, llnd in not 
being thrown down by corrosive sublimate. The pl'ccipitatiull-lirnits 
of ammonium wlphate lie for Lota-histone between 4-} rlJJd 4-·H. 

YIIl. TilE PBOl'AmXS 

l\liescher 1 found ill lSi 4- in the rip(" spermatozoa of the salmoll 
It base which he called prot:uuin. ~lipschel"s investigations wen: COIl

tinut-'d hy Kossel,z who has made the protamin,., illtl) nne of the best 
known groups of albumins. By hall and his p1lpils protamins ha\'t~ 

been rliscoyererl in tIlt' spermatozoa of scveral kinds of fish. These 
protamins resemhle one anothel" strongly aun ha,yc lleen called hy 
Ko,;sel after the animal tbey arc deriveu fl""lll: salmill, from the 
salmon; Bturin, fwm the sturgeon j clnpein, from the herring; 
scomhrin, from the 1lla.ckerel. 

The protalilins form It well-defined gruup, whieh differ" cUllsider
ably hom most of the other albuminous groups. They eontl~in no 
sulphur and less carboll but a great deal wore lJitfogen than do the 
other albumins hec(~use protamius arc cornpo:;ed essentially (If basic 
dissociation -products, ill particular argillill, which may rise from 
58 to 84 PCI' cent of the total dissociatiorqlroducts (KoEsel). The 
mono-amino acids, Oil the other ha.nd, are very scanty. 

1 F. Miescher,' Die SpcrmatoZOtll tinig:er \Vir"Ldticrt,' l'erh. d. 
V1. 138 (ISH); J. Piccard, Ber. d. deutsch. du·rn. (,'u. 7. 11. 
hUlIlou~ papers of ~iiescher, edit-eu by O. SclllllleUtberg, ..-1n::h. f. 
['harm. 37. 1 (1896). 

2 A. Kossel, Zeitsr:hr.f.phys/ol. Ohem. 22. 1,6 (1896); 25. 165 (1898) j 26. !i88 
Bull. &C. chilli. de Pads, 3. f:;(·r. t. 211, NT'. 14; 20 JuJi 1903; Ber. d. 

clu-m. 0,:;;.34. lII. 3214 (1901); Zeiisckr.j. pjly.~i{)l. (..')/£111, 40. ~1l (1903); 
A. Kossel and A. Matlu;lws, ibid. 25. 191J (1898): A. Kossel and F'. lillt;.cher, ibid. 
31. 165 (1900): D. Kurajelf, i),id. 26. 5:24 (l89if); 32. 1&, (lilOl); N. Morkowin, 
ibid. 28. ;;113 (1899); W. H. Thompsoll, 29. 1 (1899); hI. Goto, 37. 84 (19021; 
A. Kossd and H. D. Dakin, 40. 565 (1903). 

[TABLE 
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The composition of the protamims Kossel has put into tabular 
form:l~ 

I , 2 ! 
I';: .2; ;:. 

11 i ~:J !'~ ~: 
.... ___ . ___ ... _ .. __ ..• 1 ______ ._ 

·1 + 0 + + " Aj:min . 
Sel'iu. . 
Amino·\'aledanic !l.ci<1 

I L('Ucill. . . . . . 
! Di·aIlliuo-\'aJeri:Ulil' rl.eid (ornithill' 

Di·/tlilillo.(:,tl'l'oie add (ly~i!l) 
Hi~tit.lill . . . . 

I a-l'yrl:ulillill,,'arl'oxylic ad,l . 
I TyrvsHl. 
i l'rl!1t . . 

Tryptol,jHult' . 

. I 0 + + 0 ? 1 

I~ ; 0 0 ~ 

.

• 1

1 
_._ t ~ + t 

o 0 0 
. I T 

: ! ! + 
o 

+ 
o 

+ 
o 

The mdicals of which protamins ~tre huilt up may he as nnmerous 
as they are in other albumins, but there is less variety and each kind 
is repeated with great regularity in the different protamins. For this 
reason it is possible to dissociate the protamins much mOre ~'eadily 

into their dissociation-product,', tha.n to dissociate other albumins. 
Kossel helieves the protamins to be the simplest albumins, and he has 
phced them in the centre of his system, 

Protamins in their free state are difficult to prepare, but the 
sulphates are comparatively easily obtained. Protamins have been 
analYEled directly and also aft(;'l' conversion into chlorides, which are 
then precipitated from methyl·alcoholic solutions by means of IJlatiuulll 
chloride (Goto). )Iiescher was, hOll'el'er, the first to prep.'Lre the 
platinum chloride double salt of salmin. 

The most recent analyses of Goto give these figures:-

PL Cl I 0 

Saiwiu 

Clupein 

St'oll.orin 

i 
Salmoll (S(t[mo' 

salar). 
Hel'I'lJ,g(Clupea' 

haJ'ei!!!lt.~). 
:MRckel'eJ(.8com. 

berscombri(s). 

I 
Sturgeon (Aci· 

! pen.~erst1Lrio). 

1 A, Kosse}, Berliner kUnische WocMuschrzyt, No. 41, Oct. 1904, p. 1065. 
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Clupein has this percentage-composition :-

C 47'28, H 8'14, N 25'72, 018'9. 

From these figures Goto calculateR the formulfe:-
C~,oHmNliOt; Salmin. 
C3l)H6ZN140\) Clupein. 
CSZH72N160S Scombrln. 
C34 H.nN 1700 Sturin. 

These formula:- serve, of course) only for t\ preliminary orientll"tiOll ; 
the older analyses of l\1iescher, Piccard, and Kossel differ lIlorc or less. 
] t would a.ppear that several similar but not identical 8uhstatlCCS OCCIlI' 

together in the spermatozoa of one and the same species of fisll. 
The dissociation-products are given on pp. 74-75, ?\os. 40-46. The 

prevalence of bases has all'eady beE'Il pointed out, but in other respects 
the individual protamills differ greatly from one another. Ralmin, 
sturin, and clupein have been more completely analY!'lec1 than any of 
the other albumins. 

The analysis of salmin by Kossel and Dakin l has yielded the 
following figures :-

Grammeo.. Pel'Celltage. 

Total nitrogen 5'369 100 
Arginin nitrogen 4'7~'i 89-2 

Alcohol insoluble fraction (}'265 4'9 
Of this serin 3'25 
Of this amino-valerianic acid l'6G 

Alcohol soluhle fraction 0'230 ·j·3 

Demonstrable loss 0'08, 1'6 

The ratios of the weights of the dissociation-products are :-

(irammes. Percentage. 

Amount of salmin decomposed 17'03 100 
Arginin J 4'87 87'4 
Serin 1'33 7'8 
Amino-valerianic acid 0'74 4'3 
Pyrrolidin-carboxylic acid 1'88 ll'O 

Salmin may be composed of 10 molecules of arginin, 2 molecules of 
serin, 1 molecule of amino-valerianic acid, and 2 Inolt'cuies of pyrrolidin 
carboxylic acid, which would give the formula' C81HI5~N4.5018' or 
12 moL arginin, 2 mol. serin, 1 mol. amino-valerianic acid, and 3 mol. 
pyrrolidin-carboxylic acid, which would yield C9!;H l86N M9:n' 'Yhich 
of these two formulre is the correct one has not yet been settled. 

1 A. Kossd and H. D. Dakin, Zeiuchr./. phyBivl. ahem. 41, 407 (1904). 
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Kassel and Dakin 1 deny th(~ presence of alanin and of lellcin, which 
two mOllo·amino acids were obtained hy Abderhalden,:! who examined 
salmin hy Emil ]:"ischcr's ester-method, Ahrlerhalden thought to have 
obtained, in all prohahility, also phenylalanin and aspartic acid. It 
is suggested hr Kossel [lwl Vakin that Ahllerhaldcll prohahl;1l lrol'ke<1 
with immatnre testicles. 

The protamin of the Culifornian salmon is, accordiIlg to Taylor,:l 
identical with that of the European variet;r. He fouml salmilHmlphate 
to diffuse \Tery slowly through parchment papor; to he markedly 
dissociated ill waterr solntions, a half per cent solution giying 60 x 10". 
The la'Yo-rot,1tion produced hy a saturated solution is - 6' . The 
watery solution llndergoe8 . spollul.lleously , Ii h,vdrolyt,ic change, and 
it i", sugge>ite(l that 8,tlmin should be used for experiments on such 
ft>rmellts as trypsin. 

As wil! ue ~et>n from Kassel's t,ahlc on p. 4:l0. prOLamins contain 
n. certain amollnt of mono"amino acids, and t.herefore It sharp line of 
llemarcation between thp protamins and the other alhnmim; no longer 
exists .. especially as the histones form hoth gelicticall"T and ehemically 
the transition to the true alhumins. Protaminf'l must therefore he 
classed amongst the albumins. They form a specifll group which, 
owing to the abo;ence of certaill ra(licals, does not give the reactions 
commou to most of the albumins, bnt in this respect they are analogous 
to gelatine or hetero-albumol'3e, which contain neither tyrosin nor 
tryptophane, or to casein or glohin in which glycocoll is absent. 
Salmin, with its rich store (If di-amino-acids, forms one end of a chain, 
the other end of which is represented by serin, which contains hardly 
any di-amino-aeids (Cohnhcim). 

Protamins differ from ordinary albumins in not being coagulated 
by heat. On standing they undergo a change, which points to a kind 
of denatura.lislItion. The protamins resemble the histones in being 
precipit.ated by alkaloidal reagents not only from acid, but also from 
neutral solutions, but as the protamine; are stronger bases than are 
the histones; they ate even precipitated from alkaline solutions, the 
serial arrangement, albumin -;.. histone.....". protamin, in this connection 
being very evident. Protamins are therefore precipitated by the alkali
tungstates a11d phospho-tungstates, by ferro- and ferri-cya.nide, iodine 
potassium iodide, iodide of mercury + iOllide of potash, alkali picrates, 
corrosive sublim.ate, merc.une. nitmte, platinum chloride, goJd chloride, 

1 A. KO~'>el ana a.D. Dakin. Zt:ilsrhr./.pkyltiol. Clwm. 41. 407 (1904). 
2 Emil AbdlU':hal~t!ll, Zeitschr. J. plfYsWK Chern, 41. 55 (1904). 
~ A. E. Tnylor, U'ltit'. qj (,ali/O'J'Jlia puhlie. Pa.th. 1. p. 49. A"bstract hy Abherg 

Boston) in Ze1ltrldbl.f. Physiol. 18. 631 (1904). 
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and other salts of the heavy metals. Salmin is also preclpitat,{'(l by 
chromic acid, potassium hichromate, and tannic acid, but not bv 
osmium tetroxid(' (Mann)_} ~ 

Protarnins afC salted ont h,v ammOllinm slllphate n.nd sodium 
chloride, bnt the exact precipit.'ltion-jirnits arc not, known. 

Thi'y also give with albumin and with the primary albumoRes 
precipit.'ltes wbich resemble histoneR yery clos(·ly (Kossl:'l). 

Of tbe salts, in addition to the picrate mentioned ahllYC, thf' 
chromate of scomhrin is al:;:o known. 2 Clupein sulphate is l't'adily 
soluble in hnt 'water; 100 parts of ('old wuter dissoln l'G::! pUItH: 

when cooled to + 2'.), or on the addition of ether. protamin sulphate 
separates out as it dark oil. The refractive index and the specific 
rotatory power of clupein HnlJlbatf' j,o; gi\"cn by Kosse1,:! and that of 

scombrin sulpbate by KurajefP 
Peptie digestion l{'aYes pi'otamin unaltcretl,.\ while trypsin 4 and 

erepsin;' bre.ak it. up into crystalline dissociatioIl-pmdncts. As iJlter
mediat.e products are formed peptone -like bodies, the 'IlI"ot.ones,' 
wbicb differ from tho protamins in giving a pure rpd biuret-reaction 
and in not being- able to precipitate albumin, I; Ail" reg'J.rds percentage
composition and dissociation-products Goto found no distinct difference 
between protamiu!3 and protones. Goto found, on splitting up clupein 
with hydrochloric acid, an increase in rtlkalinity, while with sulphuric 
acid a diminution was noticed. How proton('s are related to kyrin is 
mentioned on p. 201. 

Thompson 7 has shown that protamins in their toxic properties 
resemble the allJUmoses formed by digestive enzymes. The toxicity 
is great, for 15 to ] 8 mjJ]jgrammes of salmin, clupein, and scomhl'jn, 
and 20-25 mg. of sturin pel' kilo. of dog, is sufficient to cam~e death. 
The protones are much less toxic than are the protamins. \Yhether 
protarnins are toxic in themselvf's, or whether the toxicity depends 011 

admixtures, is not knowil for certain. 
In addition to salmin, clupein, scomhrin, and sturin, Lhe protamin 

cyclopterin has been prepared from the spermatozoa of tIle sea.·hare 
(Cyclapterus lumpns) by Morkowin; 8 the acipenserin, from Acipenser 
stellatus, by Kurajeff j 9 two protamins, namely, cyprinin a. and {3, from 

1 Mann, Physiological Histology, 1$102, p. 102. 
2 D. Kurajefl", Zeitschr. f. physid. Chern. 26. 524 (1899). 
3 A. Kosr«!l, ifJul. 22. 1i6 (1896) . 
.. A. Ko!!sel and A. Mathews, ifJid. 25. 190 (1898). 
5 O. Cohnheim, ibid. 36. 134 (1902). 
t'I M. Goto, Wid. 37. 94 (1902\, 
7 W. H. Thompson, ibid. 29. 1 (1899). 
8 N. Morkowin, ibid. 28. 818 (1899). II D. Kurajell, ibid. 32. 197 (1i\Ol). 
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the spermatozoa of the carp, hy Kossel and Dakin,l Protamins have 
further beell found in the spl'rmatozoa of the trout ~ (Salrnu jtrri{), the 
pike 3 (Esp.?: luciWl), and of Cur('gmms OJ',l/1'!I!}ndIUS ~ and SilU111S gluniB.3 

The tubercnlosamin which Hllppel 4 has isolated from the tuhercle 
hacillus seem" to POS8t'SS tlle properties of a protamin. It occurs in 
the hacilli ill comhination with a 11l1cleic acid. '''hether the sulphur
free albumins which Nencki fOHnd in putl'cfactiYe 5 bacteria and in 
anthrax hacilli {) llelong to the protamins if' not known. 

Pl'otamin nuc1einaLe hits hecB iuycgtigateJ from the micro-chemical 

and micro-strnctural points of 'dew by Berg.; 

1 .\. J(o.~sel amI H. D. Hakin, Zcilsd/f.,7:ph,1lw,{. C!trill. 40. fi65 (1903i. 
~ A. Ko~:-:(;I, i1J'd. 22. 1 if) 
., D. i&id.32. 

4 ,"V. G. 

;'II. Ch,~jll. 20. 443 (18i?~. 



CHAPTEIt X 

THB I'ROTEIlJS 

PHOTEID:-I arc composed of one or of several albumins in combination 
with a radical which is not an albumin. ano. wlJich Kossel has called 
the' prosthetic grollp.' 1 As the peculiar properties of the proteids 
are due to the prosthetic group, the latter is used for the classification 
of the proteids. 

I. NUCLEO-PROT}1:IDS 

The nucleo-proteids were discoycreu simultaneously by 1fiescber 2 

and l'Msz 3 a.s, constituents of the cell-Iluc.]eus. They are built up of 
;:dhurnin and nucleic acid and always contain iron:' 

(a) Nucleic Acid 

The nucleic acids contain phosphorus and uitrogen, hut no 
sulphur. They arc organic acids of unknown constitution, althuugh 
their dissociation-products arc fairly well known. In the year 187,1 
Miescher 5 discovered in the spermatozoa of the salmon an acid sub
stance containing phosphorus, which he caned nuclein. Altmann {} in 
1889 prepared from all Ilucleo-proteids the' nucleic' acid, and proved 
its identity with the nuclein of Miescher. The composition of nucleic 
acid has been cleared up to a certain extent by Kossel 7 and his school. 

1 A. Kos~el, Arch.f. (Anat. u.) Phys. 1891, p. 181; 1893, p. 1:,7. 
2 F. Miescher, 'Chemiscbe Zu~alUruensetzung der Eiterzelle: lluppe-.%y!er's Med.-

chon. [rlltersu.ch. p. 441 lIS71). 
:: P. PlOsz, 'Keme der Yogel- uwl :')chlallgellhluikurperdwu,' wid. p. 461 (l8il). 
4 See jndex llJHler jrOJi. 

5 F. Micllcher. Verh. d. naturforsch. Ges. in Basel, 6. Heft 1, 138 (1874). 
6 R. Alttuaull, Arch. f. (AnaL '11.) Physi1ll. 1889, p. 524. 
7 A. Kassel, Zeitschr. f. physVJl. Chem. '1. 7 (1882); Arch.f. (Anat. 11.) l'hysiol. 

1893, p. 157, alld Liebrekh's Em.'1/dopiidie, Ill. Ed. 'Nucleinstoffe' (in l)Qth workl$ are 
reviews); A. K06seJ and A. :S-eumann, Ber. d. {l!;:1.tt.ttdt. dtern. au. 27. II. 2215 (1894). 

The other papers are indkated in tbe following p3,~ at their proper places. 
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Alsherg 1 finds the nucleic acid of the spermatic fluid of Lota 
"ilJl1{W'i.~ to he ji]entica.l witi) the nucleic a.cid prepared from salmon
melt:-

C.wH;;nXl .. O]G + 2P20;j + H 20. 

B,\T the act.ion of dilute mineral acids one-half of the rurin-bases 
ma,'" he removed from the salmon-nucleic acid, \"hile the other half 
)'cmllins firmly llllited. Alsherg has given the name of bemi-nucleic 
aeid to It compound pos::;essing only one molccn}(' of purin-hasN. for 
two molecnlcs of P~O,):-

C3,-,H,;1;\nOL\ + 2Pi':, + 3H20. 

Thf' alkali-sa-It, of herni-nucleic acid differs from that of nucleic 
at'id ill not heing precipitatell from dilute acctic-acid solutions hy 
dlluride of copper or hy hy(lrochloric acid. 

Strollgcr mineml acid:;;, 11Y their artion on nucleic acid, give rise 
to :L mixlnre of ht'mi~nlldeit acid, Ilucleotin-phospbofic acid, nncleotin 
alld 1::'t'nlliJli(' acid. '~ukleotin' is. a n.tme which was first given hy 
Sehmiedch(,rg to t,he nucleic-acid compound minDS the phosphorus 
amI miIl\l5 the Illlelcin-hascli, Nucleotin, according to Aisherg, has the 
composition CSI_lH4tX4001:1' anG contains 14- per cent of water, held in a 
'cement-like' manner. Sndeic acid, when acted upon hy barium 
h,nlrate, p:iyes rise to a saceharic aciu, this latter being formed probahly 
from the s.ame nulic,tl in nucleic acid which gives rise to lawulinic 
acid. 'when nucleic acid is l'I.cted 'Iron by mincml acids. 

"?\ueleic acid gives rise to the following dissociation-vroducts ;--

1. Phosphoric Acid 

It is it constant unci ch'i.Tacterlstic dissociation-product of nucleic 
acids. As to the probable manner of its linking, see p. 431; whether 
'plasminic ;:~cid,' a meta phosphoric acid found in yeast, is related to 
nueleic a.cid is uncertain. 2 

2. Pyrimidin.-dcrirafilifs 

Three simple pyrimidin-derivatives of nucleic acid are known;-

1. L'I"racil or 2'6 dioxy-pyrimidin. 
2. Cytosin or 2--oxy~6-amino-pyrimidin. 
3. T~ymin or 2·6-dio:y-5~methyl-pyrimidin. 

t C. L.. Ahbel'g, ATCk, j. exper. Pl1ih. 51. 239 (1904). 
! A.. ~oIi, Zemckr. /. phytMl. On.ffl1. 28. 426 (1899). f., 
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'N~6C :!'iH-CO :XH=CXH, "'H--CO ~H-(,() 

I I I I I I I ! 
'CR "eIf CO CH CO CH 

I I 
CO CCIl, CO CO 

II I II I ,I 
, 

i! I 1 

-'cn KIf-en NH-Cll NH-CH NIl-CO 
Pyrimi,liH. Ur:lcil. Cytosin. Tllymitl. Al]rY\:l1l 

Uracil Was fir"!t prepared by Ascoli 1 from yeast; its ('onstitut,ion 
determined bv SteHdd':~ and confirmctl hv the synthesis of E. Fis(·hcr.:' 
It. crystallise; in needles arranged in a, ;'osctte:lil~e maIllH't'; does Ilot 

sublime without undergoing Jeeomposition; is reRdily soluble in hot 
water. slightly s()lnble in cold, and bardly soluhle in alcohol and ether; 
it is readily soluhle in ether. It j1'\ precjpitatc(l by phosphotungstic 
acid <tnd mercuric sulphate. 

(1ytosin was discovcreJ. hy Kossf'l and X ctlmann ; 4 its constitution 
found out hy Kassel and StcudeI,fi and confil'me(l hy the synthcf'is of 
\Yheeler and .1ohnsoIl.n It reseml)ies thymin as regards fwlubility j to 
ii"olate it, recourse i~ had to precipitat,ion with silver nitrate anJ 
harium hydrate; 7 for analysis the ({otl.IlIe sah ·with platinum-chloride 
is used. 

Thymin '\vas discovered by K()sscl,~ and descrihed hy his pupils 
.J ones fl and Gulewitscb.1(J Its constitution was c1eared up hy Steuclel,ll 
and confirmed by the synthesis of E. Fischer.b It crystallises in "mall 
needles or dendritic platelets helonging to the rhombie sy:stem. 
Tbymin i", not precipitated hy silver nitrate, hydrochloric add, and 
nitric acid, but by silver nitrate and barium-hydrate; ammonia pre
cipitates, but redissolves, if used in excess. Thymin being slightly 
soluble in cold water, and readily soluble in bot water, may therefore h(' 
recrystallised from water. "'hen carefully beated it sublimes j when 
heated more strongly jt. melts at 29(J". Thy:min js identical wlth what 
Miescher and Schmiedeberg have descrihed as nucleosin. 

1 A. A:.;coli, Zeit,~ch?·. f. phy.~iol. Chern. 31. 161 (1900). 
2 H. Strudel, i&iti. 30.539 (1900); 32. 241 (1901). 
a K Fisclierand G, Roeder, 11fT. d. deut5ck. du:m, aes. 34. III. 37[;1 (1901). 
~ A. Kossel and A. Neumann, ibid. 27. 2215 (1894). 
~ A. Kossel and H. Steudel, ZeitschT. f. pkysiol. Chem. 37. 177 (1902); 37. 37j 

(1908); 88. ,,HJ (1903). (Here is given a full de. .. criptiQn.) 
6 H. L. Wheeler and T. E, Johnson, Amer. Cke-Jn. Journ. 29. 492 (1903), ami ib;tl,. 

32.342 (1904). 7 F. Kutscller, Zdtschr.f. physiol. Ohem. 38. 170 (1903). 
S A. Kassel and A. Neumann, Bu. d. derdsck. chern. (/es. 28. 2753 (1893); Z"itachr. 

j. pkysi.ol. OM1n. 22. ]88 (1896); A. Kossel and H, Bteudel, ibid. 29. 303 (1900). 
!I W. Jones, ibid. 29.20 (1899); 29. 401 (1900), 
10 W. Gulewitsch, ibid. 27, 292 (1899). 
11 H. Ste'Udel, Zeitschr.J.:physiol. ('kent. 30. 539 (1900); 32.241 (1901), 
11 E. Fischer and G. RGed~r, Ber. d. deutseh. chem. Ges. 34. III. 3751 (1901). 
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3. Purin-del'inlii.t'es 

These have heen known for a much longer time than have the 
simple pyrimidill-derivatives. Kossel was the first to discover hypo
xanthin I amongst the dissociation-products of nucleic acid, and I:tter 
found also xanthin, guanin j and adeJllll.2 

Hypoxnnthin, (',)-I')\40 = Dxy-purin. 
Xanthin, C)-I4N.P~ = 2'6-dioxy-purin. 
Adenin, CSHf)N [j = 6-amino-purin. 
Guanin, CoH)·;[,O = 2-amino-6-oxy-purin. 

Purin. t.he mother-suhstance of these 'xa.nthin-bases/ contains a 
pyrimjdjn l'Clnajnder: the JDf'w-di-:lZj)) .:wd the imido-azo] radical. 

X~cCH 

I I 
He' CH 

I II 
K-CH 

N=CH 
I 

HC 
II 
K-

PyrimiJin. Ml'tlHli-azin + Imido-awl 
(i'!lyoxalill). 

Furin. 

The following formula- arc arranged hy the author in this order: 
purin ~oxy-pllrins-?amjno-purin ~aruino - oxy-purin ~oxy-methyI
purins:-

N=CH 
I I 

HC C-NH 

"CH / 
N-C-N 

Purin. 

HK-CO 
I I 

OC C-NH 

I " I II/CO 
HN-C-NH 

Vrie acid 
(2,6,8 trl'JXY-l)uri~l" 

H"-CO 
I I 

HC C-NH 

i I " Ii li ",CH 
N-C-N 

HY}JOxalltMu 
(6oxY-l'urin). 

X=C.NHo 
I I ' 

HC C-NH 

)CH 
K-C-N. 

Allenin 
(6-amino-pllrin). 

EN-CO 
I I 

DC C-NH 

Ii )CH 
HN-C-X 

Xanthin 
(2'6 oxy-purin). 

HN-CO 
I I 

NH,.C C-KH 

- [ )CH 

N-C-N 
Guanirl 

(2-nlllino, 6-oxy-purin). 

1 A. Kos$e".'mtd.' 4. 290 (1880). • 
2 A. Kossel, ibi4. 7. 7" (1882); 10. 248 (IS86); A'rc/l.j. (Anoi. u.) PkJlsiol. 189~ 

p. 157; h-Usse1!f A. Neumann, Ikr. d. deutsch.. chem. Gcs. 2'1. II. 2215 (1894). 



CHs. N-CO 
I I 

OC C-NH 

I !Ii )eH 
CHs·N-C-X 

Theopllyllin or Theodn 
(2,u-uioxy-l.3-llimethyl-

purin). 

THE PROTEIDS 

HN-CO 
I I 

OC C-N.CH, 

i " I I /CH 
CH3·N-C-N 

Theohromilw 
(2.6'llioxy-a.7 -dimethyl

parin). 

CH,.N-CO 
I I 

429 

DC C-M.CHs 
I ~I 'CH 
I I ,/ 

CH,.N-C-N 
Cllfl't>i1l8 

(2,6-dioxy-l,a, i -trimeth~ \
purin), 

The synthesis of guanin and similar componnd!'; has been studied 
specially by Behrend and Rosen 1 (uric acid), StOlli\ and Hofmann:! 
(diamino -guanidin), Traube/1 Pellizzari and Cantoni.J- (diamino
guanidin). 

The four purin-derivatiyes-hypoxanthin, xanthin, adeniu, and 
guanin-occur in the body only in the nucleic acids and their 
dissociation-products, and hence are called Inuclein-bases,' lalloxur
bases,' or 'xanthin-bases.' The manner in which the pnrins arc linked 
to the nucleic acids has been investigated by ]~urian":' who points 
out that purin, being composed of pyrimidin and imido-azol (see p. 
428), gives for this reason both the alloxan reaction of pyrimidin and 
the silver reaction of imido-azol. Imido-azol with diazobenzene-sul
phonic acid 

/N=N> 
C.H, " ...... HOa 

forms diazo-benzene-imido-azoI 

~:N-CtiH!j 

HC-N" 

H8_N/
CH 

Diazo-benzelle-iruido-azol. 

Analogously with other azotising mixtures, yellow or red, stable sub· 
stances are formed which, on the addition of ammoniacal sih'cr nitrate, 
give red, generally gelatinous precipita.tes, and these, ]ike the silver 
compounds of imido-azol and of the purin bodies, are a.lmost insoluble 
in an excess of ammonia. 

The same reaction is obtained with «, (3, and p. substitution products 
of imido-azol (see formula on p. 428), but it does not occur-(l) if 
place n (== No. I of the purin group) is already occupied by a substi-

1 Behrend and Rosen, Liebig's Annalen, 161. 235 (1872). 
II R. Stolle and K. Hofmann. Rer. d. deutsch. them. Ge8. 37. 4524 (1904). 
3 Wilhelm Traube, ibJ'd. 37. 4544 (1904) . 
.( G, PellU.zari and C. Canton!. 38. 283 (1905). 
b R. Buriaxl. lJer. d. deutsch, ehem. Qu. 3'1. 696 (1904). 
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tilled radical) e.g. jn n~methylimid(J-azol; or (2) if the arnidin link 
IW,g disappe<Ll'cd by hydration; or (.3) if it has been converted into 
urea. 

'luite an :lllalog:ous behavionr is met with in the puriu groul'. 
Purill.hodies, in which the imiLle-h,vdrogen in Xu. 7 has not been 
sub,~tituted, and in which the amidin-link has lJCell preserved un
changed (xanthin, hYJlux<.tllthin, gU1tlliu, adenin), yield with di,IZO
uodieh intensely coloured compounds, which closely resemble the 
diazo-uUlillo-COrnpOll!H_h, of t,he imido-azols. Suhstitution in the 
pyrimidin-ling doe~ Hot binder the reactioJI, for it is giyen hy 
thc('ph.\ Hill (1-3· dinwthylxanthin), hut the J'eaction is pre\-'euted if 
the );0. "i lluid-hydrogen j" replaced by methyl, tiS it is, for example, in 
L!Jeohromillt' (3'7- dinwthylxanthin), or in caffeine (1 3'7- trimethyl
xu,lltbitl); or if, a" ill uric licit], the imido-azol riug does not possess 
the structure of it cyclic alllidin, but that of a cyclic urea. 

lt follows that the diazo-compound remainder must link 011 to the 
purllHltldcns ill No.7, and thcl'eiore puriu-l)(lses _,_ diazo-compoUlHls 

;=_ dinz(J-amillo-eompounds, which are quite analogous to the imido
awls, thll<; :-

Cll". X-CO 
I 

o. c c-x-x, 1\ . C"lI,SO,H 

)CH. 

CH,.N-C-X 

The diazo-reaction may therefore be used for determining w hetber 
Xu. 7 in the purill ra,jical is substituted or not j if it is not substituted 
a red colour is obtained t1t once on dissolving the purin-derivative ill 
alkali) cooling it, and tllen a.dding a diazo-substance 01' diazotising 
mixture. 

BUI'ian 1 also puints out that purin-bases must be preformed in 
the nudeic acid molecule, as they arc Yery readily separated from 
the nucleic .s.cid remainder. They are liberated partially by heating 
nucleic acid to 60{), and compIetdy by boiliug the same for ten 
minute::. in water or by dilute acids; this fact, along with the ohserva
tion tha.t nucleic acids do not give the diazo-reaction described above, 
led Burian to assume that the purin-bases are liuked to the remainder 
of the nucleic acid molecule by the Nu. 7 llitrogen. 

As nucleic acid!; are further very resistant to caustic potash, and 
in this they resemble other organic phosphoric-acid alUides, there exists 
pl'?bably in u-.u~ei&~acids a direct union between the phosphorus of the 

1 It. Burian, Ber. d. rkuUch. c1wn. Ges. 37. 708 (1904). 
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nucleic acid remainder and tlle ~ (J. 7 nitrogen of the Jlul'in-Lu8c. The 
union of guanin in nucleic acid would therefore be represclItcd hy the 
formula 

Hl'-CO 
I I y~ 

NH.,-C C-N / 
- II Ii ':,CII. 

\_l'_Nf 

These results of Burian have heen criticised hy Steudd,l whu 
fouud. that, if sodium hydrate '''/1.-; Hse{l, thymin gayc (;olollI'-l'caetiOllti 

although no nitrogen is present in the "\"0. 'j' pusitioll; but Burian 
points out that the diazo-reaction is so very scnsitiyc that t;tclldel 
ought to have isolated and analysed the diazo-henzene f.;uljlhonj(: acid 
derivative of thy min to make sure that the thYlllin did Ilot contain 
traces of gUllllin; and, oven jf thYlllin does give a colul1r l'cadioll, 
then the diazo-remainder may pOI·Imps link UII to tilt, ~(). 4 carJloH, 
giving rise to Rn azo-dye. 

The essential points in favour of Buritw's"2 riCl-\" urc;-

(1) Uric acid does not give the colour reliction, althougb it only 
differs from xanthin, which does give the I'eactioll, in t,he 
strncture of its imido-azol ring. 

(2) Theopbyl1in gin::s the 'dlftZO-r€action,' w}jJJe theobromilJe ;wd 

caffeine do not. 

CII N-CO HX-CO 
3' i \ I I 

OC C-NH ()C C-N. CB, 

I ! "m! I I '''CH 
II / . / 

CH,. N-C-N CH . 3X-C-N 
Theophyllin. Theobrumine. 

eH". X-CO 
I i 

OC C-X.CBs 

I" "CH 
I / 

CH,.:N-C-K 
CUifbiIlC. 

Therefore substitution in 'the pyrill1iJiu ring does not matter, while 
substitution of the imide-hYl'ogefl-atom in X o. 7 prevents the reaction. 

The liberation oj PUfin-wmpolll1d5 Ly flu AulodigtBtivfl OJ 

Sucieo-pruteids. 

The autodigestion of nucleo-proteids has been investigated by 
many observers, and the historical account of it given here is ba.sed on 
the recent a.rticle by lValter Jones.~ 

1 H. Steudel, Zeit. I. physiol. f!hem. 42. 165 (19()4). 
2 R. Buria.n, ibid. 42. 2?i (1904). ;I Walter Jones, ibid. 42. 35 (1904). 



432 CIIEMISTRY OF THE PROTEIDS CHAP. 

Schtitzenherger 1 found, in 1874, amongst the products of the 
<l.utodigestion of yeast, in addition to other substances, also xanthin, 
hypoxanthin, guanin, and carnin. Salomon,2 in 1878, ohserving 
xant.hin In the blood of corpses, while it wa.s absent in freshly drawn 
arterial blood, was thus led to study the autodigestion of different 
organs. 3 He especially noticed a doubling in the amount of the hypo
xanthin in muscle, while the quantity in the pancreas or liYer 
remained the same, or was slightly increased. Lehmann," working 
nnder Rossel, arrived in 1885 at the conclusion that yca.st kept for 
twenty-four hours in water showed a diminution of bypoxanthin, but 
an increase in the xanthin + guanin fraction when it was compared 
with y~ast boiled directly with mineral acids. In 1888 Salkowski 5 

introduced the mctholl of stndy ing the autodigestiOfI of yeast in 
chloroform water, and showod that watery extract of yeast which 
hlLd not hcen stt:l'iiised gave a considerahle amount of xanthin
bases, and in a second paper;:' confirmed the results previously obtained 
hy ~alomon. HchwicniIlg tl in 1894 showed autodigestion to go on 
in extracts of organs containing no cellular elements, and that the 
prescnce of alkalies was injurious to enzyme act,ioll dm·jng autolysis, 
and Biondi j in 1896 proved that the enzyme was not trypsin. 
Okerhlom I:i stated to have found amongst the autodigestion-products 
of the suprarenal: :xanthin, I-methyl xallthin, hypoxanthin, epi
guanin, and it tmce of adenin; but JoneE! and "~hipple)9 on repeating 
Okerhlom's reselLfches, failed to get I-methyl xanthin and epiguanjn, 
while they did find guanin and adeniu. Their results differed also 
from ()kerblom's in this: Jones and "V{hipp!e found no xanthin but 
large amounts of guanin; while Okerblom had found xanthin but no 
guanin. Kutscher,lO on reinvestigating autodigested yeast, found no 
base corresponding to the xa.nthin iracMoD, w-hjje in the D)rpoxantbil1 
fraction he found guanin and adenin. He expresses the view that 
xanthin lUust have disintegrated during the digestion, and in support 
of this view 11 he refers to Lehmann, who showed that preformed 

~ Schutzellberger, Bull. de la Soc. chim. de Paris (ISH), p. 194. 
~ Sa.lamon, Z~it.f.plly8ial. (}Item. 2,65 {I87S). 
~ Salomon, Arch.j. PhYSk,1. 1881, p. 3til. • 
~ L-dlllwull, Zeit. J. phlflJiol. C'hem. 9. !)63 (188.5). 
Ii Salkow,;ki, Deutsch. med. Wochensch. 16. (1888); Zeit. j. phymol. Ohem. 13. 50(5 

(1889); Md Zeit • ./: klin. Jfed. 1890, SuppI. p. 77. 
{; Schll'ielliug, rirdww's Aroh. 136. 4,14 (1894). 
1 Biondi, ibid. 144. 373 (1896). ..._ 
8 J. Okerblolll, Zeit.f. phYl1iol. Ckern. 28. 60 (1898). 
II Walter,Jonea ~Whipple, Amn". JOUl'n. of l'hysioL 7. 423 (1902). 
1(1 Kutseb~--ZIU.'j.physiol. ('kem. 3~. 59 (1901). 
11 Kutscher, Sitzb. d. Ge.~. z. Be!. d. gesa"ij~mten Natu1'tci3s. (1900). 

,-..-



AUTODIUESTION OF ~'(_lCLEO-I'ROT}m)S 433 

xanthin~bRses disappeareu. ,loneR and "Whipple finding g\lanin and 
wenin, but, no xant.hin or hypox:ant.hin among~t the hYllrolytiC' 
dissociation-products of Hammarsten's a-Hucleo-proteid prepal'P(l from 
the pancreas, reasoneu that autolysis must gin"> rise tu the sante 
products as does hydrolysis. 

Kutscher 1 in 1901 prepared from the thymus gland a pl'udUd 

which he called thyrnin, and this he helieved to he contaminated hr 
traces of uracil (the constitutional fornmlm are given OIl p. ·1.27). 

Levene 2 in 1900 oht,ained uracil from autodigestet{ pancreas, whill' 
hy the action of mineral acids on the pancreas there is prodncl'd 
thrmin. AI> Lcy-ene failed to find thymin a.mongst the products 
of autolysis, he concluded that uracil is formed in place of thymin, 
hut did not S~b.v whether this result was due to the presence of tr,vpsin 
or to SOID(' special enzyme. 

Amki:; 8how80. in 1903 that an enzyme is cont,ained ill the 
thymus, which converts (J,-thymo-nncleic acid into the (3-\·al'icty. 
This, hO\vever, is a purely hydrolytic process, for the same result nHly 

be obtained "with trypsin or with hot alka]icH. l-tch.J. helieve::. also ill 
some causal connection between the presellce of th)'1l1in :mel uracil 
amongst the products of autodigested lymph-glands amI the ah.;ence 
of xanthin-bases. 

hnwotf:) discovered in 1903, in the moulds Aspergillus niger {Lnd 
Penicillium glancnm, au enzyme capable of disintegrating the s(J(Hum 
salt of thymo-nucleic acid into phosphoric acid and into xallthin
bases, and called the enzyme 'nuclease.' He 11elieves it to play 
an important part during ordinary cell metabolism. 

Schittenhelm and Schroter G confirmed the view that putrefactive 
hru::teria in general, and the coli-bacillus in particular, are ahle to convert 
one kind of xanthin-base into another kind; and 'Yalter Jones 7 then 
show"ed that in autodigested thymus xanthin is formed at the expense 
of guanin and adenin, i~e. that the amino-group of guanin must 
become replaced by a hydroxyl group, while the conversion of adenin 
into xanthin is brought ahout by the substitution of oxygen for the 
amino-group and th~ replacement of a hydrogen-atom by a bydroxyl
group. In both these cases ammonia is split off, and in the case of 

1 Kutscher, Zdt. f. phl/siol. Uhem. 34. 114 (1901). 
c> Leyene, H;i'Z. 37. 527 (1£103); and the autodigestion of the spleen, ibid. 38, 404 

(1903), and 39. l3D (1903)_ 
3 Araki. ibid. 38. 84 (1903). 
4 :Heh, Ho/meister's Beitriige, 3. 569 (1903). 
Ii Iwanof!:", Zeit.f. physivl. ahem. 39. 31 (1903). 
6 Schittenbelm and Scbroter, ibid, 39. 203 (1903). 
7 Waltel' Jones, ibid. 41. 101 (1904). 
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adenin, hypoxanthin is formed as a by-product, provided the amino
group is replaced primarily, 

HX-CO 
I I 

XH,-C C-XH 

j}<'H 
X-('-X 

111\-CO 
i I 

OC C-XH 
I " i . /CH 

HN-C-X 
:'\:l1ltllilJ, 

:\=C.N11, 
I i 

HC C-2\11 

Ii )CH 
2\-C-X 

Adf'lJill. 

The followillg tahle shows the effects of enzyme - action and 
of hydrolysis h;v means of boilillg acids on the ntlcleo - proteids 
of the thymllB, the snprarenal, and the spleen, according to 'Yalter 
.lone,.., :--

, Xilnthhl 
HYl-'°xauthin 

+ 
+ 

+ 
+ 

These results might be explained by assuming that t4e enzymes and 
the mineral acids attack the nucleic acids at different points, and 
thereby give rise to different products; but'Valter Jones is of the 
opinion that the enzymes act in exactly the same way as do boiling 
mineral acids, and that, in addition, they have the power of removing 
amino-groups, and of oxidising and of splitting up CO2, "It is 
interesting' that these three effects are produced by the ordinary 
pntrefacth'e bacteria, as in the formation of paroxyphenyl-propionic 
acid, pa,racresol and phenol from tyTosin, and in the formation of 
putrescin from o.,&.-diamino-valerianic acid. 11 

Jones and Partridge 1 then studied the differences between the 
purin-derivatives formed during autodigestion and those formed by 
hydrolysis of the corresponding nucle~-proteids by means of boiling 
mineral, acids. , ... They Iound the pancreas to contain an enzyme 
capable ()f;,~flrling guanin into xanthine, and they called the 

I W .. Jon~ and C. L. Partridge, Zeit. f,. physiol. ['hem. 42. 343 (1904). 
~. 
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enzyme "guanase.' This body is also present in the thymus ~md 

suprarenaJ, but not in the spleen. As in antodigcl<.ted spleen Il.(lcnin 
js converted into hypoxanthin in the absence of guanase, there must 
he present a second ferment (aden:-tfle), Wllich also occurs in t.he 
tbymus, the suprarenal, and the pancreas. 

To show the difference between the hydrolysing action of hoiling 
mineral acids, resulting always in the production of guanin and acletlill, 
and that producecl hy the autolligestion of llucleo-pl'Oteids, <lanes and 
Partridge haTe put the products of autol:vsis into tahulal' form: 

Xanthin .. lIY]l(Jxa.ntjl;lJ. thl.'llIin. Adpnill. 

Thymus : In large itllwUnts Trllnes At.!>f'nt Ausent. 

Rnpral'enaJ III large amounts Traces ~\],sj'nt Allsent. 

Rpleen. Al,s['nt ]'re6cut Pre~ent Ahsent. 

JOHes and Partridge assume that both autotligcstion and hydrolysis 
originally libemte the same bases, but that suhsequently the hases 
undergo It further change as the result of special ferments which are 
present in the autodigesting organs. 

Schittenhelm 1 was the first to establish the (!uu.ntitati"oc tra,nsition 
of the amino~purins: a<lcnin and guanin into uric acid under the 
influence of tissne ferments, and also to show that the purin-com~ 
pounds of thymus-nucleic acid were convertible into uric acid, a.nd 
that the uric~acid-forming oxydase of the spleen Cl].n he s:Llted out 
with ammonium sulphate. 

In a second paper, Scbittenhelm 2 has thrown still further light on 
the ferments of nuclear metabolism. By suhjecting spleen~extract to 
fractional precipitation, according to Jakoby's plan,s he found the 
oxidising ferment to be thrown down in largest amounts by 66 per cent 
saturated ammonium sulphate solutions. The precipitate obtained in 
this way was suspended in water; the mixture shaken for a half to 
one hour and then dialysed in running water for six: to eight days till 
ammonia was no longer demonstrable. The filtered solution, of a. 
slightly yellowish brown colour, was very active, as at incubation 
temperature it converted guanin quantitatively into uric acid, provided 
air was passed through the solution containing the .ferment and the 
guanin, while if no air was passed through, guanin was converted 

1 A. Schlttenhe1l1l, ZeUscAj.physWl. G'he1ll" 42. 251 (1904) (berethe oldtlr litlll'llture). 
2 A. Schittenhelm, ibid. 43. 228 (1904). 
3 Jakoby, ibid. 30. l35 (1900). 
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into xnnthin. Therdore gwwin is convcrted through the xanthin 
:;;tage into uric acid. The 2-;~mino,-6, ti-dioxy-purin, which might 
ha,,"c gi \'en rise to uric acid, was ahsent. The spleen if; thus capahlt' 
(Jf reactirlg. (:ontl'''-ll',\T to the st/lt,ement of ,J alles, in the same lr:t5T as 
the thymus. the paner'oas, amI the suprareu:tl, and also the liYer, 
lung, and muscle, while apparentl~" )10 u1'ic acid formation out of 
gunnin occurs in the thymus, inte,'1tine, hlood, awl kidney. 

As gU:lJJill I!'. cOJ\\"ertetl into xant,hin in the thymus and the kidney, 
there mllst he present two ferments, one of '1,'hieh is a desaminatill:; 
nne, ('onrer'ting ~uaIli1J into xiinthin and adcnin into hypoxanthiIl, 
while th(' second ferment is an oxidising one, changing hypoxanthin 
into xanthin 11m} xanthin into uric acid, 

,rhiJe the deSltmiHllting ferment. is difitrihuted widely oret tile 
hodr, the oxidising ferment seems to be more restricted in its 
distl'ilmtion, 

As the desnmin<lting ferment ncts on hotl. guanin and adcIlin. 
8chittenhelm helieves the terms 'guanase' and 'adenase' to be 
superfluous. Hut as tht' spleen ferment, which converts guanin into 
xanthin and xlmthin into uric acid. is unahle to dissociate (l·nuclcic 
acid, and thns to liberate the purin-base::; contained in it and then 
to chanp;c them into uric acid, there must he pres~nt a third ferment, 
the'lluclease,' which can split up nucleic neid. 

A fonrth ferment captLhle of disintegrating uric acid, suggested 
by" the destruction of uric acid in the tisslles (""icner 1 and Ascoli ~), 
SchitterJhelm has also isolated. It is mOE.;t l~bl1nda.nt in the kidl!6,\7, 
hut is also present in the liver, muscle, and perhaps bone-marrmy. 

\"'alter Jones in his last paper:3 has pointed out, in collahoration 
with W internitz, a.g'linst Schhtenhelrn, that 1ratery infusions of spleen 
do not alter gllanin, and that therefore they do not contain guanase, 
and that spleen infusion by autodigestion quickly gives rise to hypo
xanthin, which by prolonged digestion is gradually corn·er~ed into 
xanthin. As, further, gnanin is not altered by an infusion of spleen, 
while adenin ndded to spleen infusion is quickly changed into bypo
xanthin, it foHows that an oxydase must he present which com'erts 
adenin into xanthin. On autodigesting liYer they found guanin, 
considerable quantities of xanthin, and traces of hypoxanthin. The 
presence of gua.nin in autodigested liver, as well 8S the fact that 
guanin added to autodigesting liver remains unaltered, shows again the 
absence of guanase. Adenin is, however, quickly changed into xanthin 

1 R. :wwner', ArcJ .. f. expo PalkOl. tt. Pharmak 42. 3i5 (1899). 
II G, .AscM, PflUge7"'.~ Arrh. 72.340 (1898). • 

3 W. Jones and M. C. Winternitz, Zeitschj·. f. physiol. Cheln. 44, 1 (1905). "". 
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by autodigesting liver. Spleen and ji\"er Ilgl'ec ill hadng the salUe 

ferments, hut the spleen contain~ much morc oxida;,c. 
The changes wllich purin-lmscs undergo lirc expl'ess(>d ding-mm

lll,Lt,ically hy ,Jones and \YitJtcruitz in this manHel': 

GU:lllin AdeniH 

~ I 
li , 

Xanthin --- Hypoxa'nthin C"H:l~4' OH(,. 
(lxy(la,,,(' 

Schitteubelm fwd 11emlix 1 han fOllntl that in rnlllJit.s the intra

venous injection of gnanin inCI'CabeM the uric acid o\1tpnt. 
The allantoin in the hody is another product ()f the uxidati\-e 

destruction of purin-uases, and in p~U'ticnlal' of mic :wid (Salkowski, 
.:\.Iin\;:()wski, Colm.), Eppinger ~ has synthetisc,l allantuin from 
glycolyl-Ji-urea, which latter hecomes oxidized and converted into a 
rillg-cnmpolllHl, both iT! the test-tube and when administered to dogs in 
thc food. 

The purin-bodies of the urine ate not all derived from decomposing 
nucleo-proteids according to Burian.3 IJe belicyes them to be formed 
mostly synthetically. for yjolent muscular exercise during hunger Jead.,:> 
firstly to the production of purin-hases and only secondarily to that of 
uric acid. Hypoxanthin and krcatiniu are supposed to be Rynthetised 
br one ,'1nd the same fllndamenta1 process during muscular work The 
a~lthor from his histological researchers knows that all cell-activity i8 
accompanied during the stages of restitution by un increase in the 
size of the nuclear chromatin-segments, and all over-productjoll of 
purin-bases during violent muscular exerci~e can be readily accounted 
for in tbis way, particularly as during starvation the nucleic-acid 
radicals will be poorly supplied by the llece~sary albumin-complements. 

Burian 4 has described a xanthin-oxydase as occuning in extracts 
of ox-livers which in the presence of a stream of oxygen oxidizes the 

1 A. Schittenhelm a.nd E. Ben<lh, Zeitschr. f- physiol. eke'!/L 43, 3GiJ (1905). 
Z H. Eppinger, Ilofmeister's 6. 2Si (1\;105). 
;) R. Burian, Zeitschr,j.phYIJiol, 43.532 (1904). 
4 -n, Barian, ihid. it3. 497 (190:1). 
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purin-bascs into uric acid, and which then decomposes the uric acid, 
wbile in the absence of oxygen neither a formation nor a decolllposi
tiOD of uric acid takes place. 

lIow urea is split up hy the Ba.cillus acidi urici (Vlpiani, 1903) has 
been studied l)y l]piani and Cingolani.1 

4. l'entoses 

They \\rcre diAt'()\'cred hy Kossel:! in nucleic acid, and lHnrc also 
been found regularly by Hammllrsten 3 and l~ang.4 Xeuherg 5 hM 
shown that the pentosc of the pancreas-nucleic: acid and also that of 
the liver is l·xylose,n The other pentoses have not yet been 
investigated. 

D. L,n:ulillic Acid 

La'vulinic acid, CH3 , CO . CHz • ell:) . COOH, was discovcTed by 
Kassel i in the nucleic aci(l of the thymus, and more thoroughly 
jnvcst.jgatcd hy Kossel and :Xellmann.~ NolV working under Rossel, 
found it in the nucleic acid of the spermatozoa of the sturgeoll) and 
Araki l1! in the nucleic acid of the intestinal mucous membrane. 
Leycne failed at first (see helow) to get it from the nucleic acids of 
the spleen 11 and of the ox-testis l~ when he used his mm method of 
preplwing nucleic acids and when he tested with the phenyl~hydrazill
test, but Inouyc,la using Neumr:mn)s method, ohtained it from the 
nucleic acids of the ox-spleen and ox-testis, and from the spermatozoa. 
of lvlut'rl'noesox cinereus, for he gat-

1. A .rellow precipitate on adding iodine~potassium iodide and 
caustic soda. 

2. A red colour with sodium-nitro-prusside and caustic 
soda, and a conversion of the red into a violet colour on 
adding acetic acid. 

1 F. C. Ulpi:mi and M. Cingolani. G(Juttll chimica italiIJlla, 34. 377 (1904). 
Abstract in Zentmlbl. f. l'hysiol. 19. 166 

~ A. Kossel • ..11",;10.]: (Au,d. 1(.) p. lSI; iS98, p. 157 U·el'lwndlungen 
der ph,1(siol. Uesellsdw/I). 

3 O •. HamlllfU'stell, Zeitsckr./. p/,ysi(ll. ('lmn, 19. 19 (1893). 
-I J. Bn.ug, ibid. 26. 133 (1898) j 31. 411 (1900)' 
a C. Neuberg, &r. d. deutsch. c.heUl. (ies. 35. II. 1467 (1902). 
II J. Woblgelllutll, ZeitBchr. f. physiol. ('hem. 37.475 (1903). 
7 A. Kossel, Arch.f. (An.at, u.) PhysWl. 1893, p. 15i. 
~ A. Kos.~ell.Ulrl A. Neumann, &1'. d. fkutsdt. cJu)n, Ges. 27. II. 2215 (1894). 
{I Non. Zeitsenr.f. physiol. Oum. 25. 430 tlS98). 
1<1 .Araki, Will. S8.-.M(19()3). 

" P. A. 1.0.-- i/li<1:'87. 402 (1903). ' 
III Levene, ibirL 89. 479 (1903). 

" P. A. K.tauji IUQuye, ibid. 42. 116 (1904). 

~ 
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3. A phenyl-hydrazoll on treatment with pbenyl-hydrn.zill 
acetate. 

The 'HttCl'Y solution of lrevulinic aei(l, aftor neutralising with 
ammonia, was converted into a silyer salt Ag0)i,O;\. 

Leyene in a second pnper,l lIsin~ Itlouye'~ methods of te-stillg for 
the presence of l::evnlinic acid, obtained positive results with the 
nucleic acids of the spleen, pancreas, testis, alld brain. 

As lrevulinic acid cannot be derived from a pentose, hut only 
from a hexo~e, it shows that hexoses mnst occur in nucleic acids 
in addition to pentoses. 

A saccharic acid has been obtaincu hy Alsberg:! by acting on 
salmon-nucleic acid with harium-hydrate, while hy the action of 
mineral acids he ohtained bwulinic acid. That 11 hexose in the form 
of a very stahle polysaccbarid occurs in mwleic acids seems to he 
shown by the investigations of Levene.:' By acting for four bours 
with 2 per cent H z80,1, on th~>mo-nuc1eic acid in an autocla\'B at· 
a temperature of 100: to 125," Levene obtained an acid resembling 
:Neumann's nueleo-thyminic acid, for it is soluhle in dilute mineral 
acids anti contains 1~'33 pel" cent Nand 11'33 per ccnt 1). This 
acid is more readily soluble in alkalies than is the original acid, and 
it does not gelatinise. "~hell this acid was still more dissociated by 
10 pCI' cent H2~O.1' most of the purin and pyrimidin radicals and the 
mother-substance giving the furfural reaction were destroyed, hut It 

hexose radical must still have heen present, for on boiling equal 
amounts of the suhstance ohtained by the action of 10 per cent 
H:?S04 and of' the original nucleic acid with 25 per cent H 2SU4, the 
original nncleie acid yielded less lre,-ulinle acid. 

Ammonia has been found by Kossel and Neumann,4 Noll/' 
Bang,6 and Bottazzi j'i formic acid by Kossel and Neuma.nn,", and 
Neumann,8 but both ammonia and formic acid are probahly formed 
secondarily.9 The simp1e pyrimidin derivatives are, on the other 
hand, certainly primary dissociation-products, and are not derived from 
the purins. Bang's 9 statement that the pancreas-nucleic acid 
contains glycerine has not yet been confirmed. 

1 P. A. Levene, Ze-ilschr. j. ph!,MWl. Chem. 43. 199 (19Q4). 
2 C. L. .Alsherg, Arch. /. experim. Pathol. 51. 239 (l904). 
S P. A. Leven.e, Amer. JQttffi. of Phyriol. 12. 213 (1904). 
" A. KosaeI and A. Neumann, Ba. d. deutsch. clwn. Gu. 27, II. 2215 (18tH). 
1> Noll, Zdtsehr.f. pkysiol. Chem. 25.430 (189S). 
II J. Bang, Ztitstlir.j.phY8i{)l. CMm. 26. 133 (1898). 
1 F. Bottazzi, Zeturalbl . ./: Physiol. 18. 98 (1904). 
8 A. Neumann, Arch. f. (Anal. 'Il.) Physwl. 1898, p. 374. 
ft J . .Bang, Zc'(fl_-:.hr. f. phyl<t'ol. Ohern. 31. 4.l1 (1900). 
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Utl/eml Pl'Opertie;:; (:f _j_\~lIdeic -Acids 

The numllt.;J' of }luriu-basel'( iIi olle molcenle of nncleic acid is not. 
known. It is possi\)ie that funr l\ucleiC' aeids oceur lmtnrally, and 
that each contaimi oul,\' one hase, amI that thco:c foul' aeidfi occur 
mixed in Jitfol'Cllt PJ'opoJ'tiOJ!S 1 ill (lifferent ti88lll'&, hut it is also 
possiLl(' t.hat a IlIH'loie acid lllay contailJ, for f>XaUlp1e, adenin and 
guanin.~ The same hold,., good of the pyrirnidill-derivatives. The 
transformation of lJU!'in·bases into Ollt' another j,", dealt with on p. +4-6. 
At prcsput it if., only possilllP. to enumerate the occurrence of the 
(lis.-;(JciatiOlqn·oducts of each im}ividll;tl organ. The phosphorie acid, 
whieb is alw:lYs foulld, and t,he pentose, which as a rule is present. 
are lint giycn ill the tallle helow. 

TIlt' f'HhstaHce." Bot indicated in the following tallIes need 1JO: 

thl'J'cfure he nhsent in the nudeie acidf' mentioned; in the most caseb 
the snhbtances )lot tahulated haye not been specially loukcd for. 

1 A. l\.,)ssel awiA. 
~ 0, Schmiedellt:rg. 

;,; n;-;'IJ!I;, 

r. K()s~d :llal 

(0 Yo~bitD 1110ku, 

\l A. A~coli, Ibid. 31, 161 (1900). 
10 A. Kossel, Arch . ./: (A)(at. 1891. p. 181. 
11 A. Ko~,,!'1. ibhl, 18P3, p. 1[,7. 
l~ A. Ko,<,sel, Cllflil. 4. 290 (IS/9). 
13 A. Kossel, ,bid. 4. 
I .. J. Bang, ihid. 26. l~ .J-. ibiri. 31. 411 (1900). 
](l W. Jones .md G. II, Allier. Journ. oj 7. 423 (1902) pial!i'" 

Jahre.sbcr. 190~ p. 45). 
17 A. KOl;se1QdA. Npnmallll, Zeitschr.,f".physiol. COO!]. 22. i4 (1896). 
l~ A. Kossel ana·H. Steudel, ibid. 37 .. 245 (1903). 
19 A. Kossel and H. Stendel. j'bid. 37. 177 {1903,1. '. 
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Steudcl ~n has decomposed thYllllls-nucleic acid hy lit'aIlS of 
hydriodic acid in the presence of phosphoric acid, and hILs snece"ded 
in accounting for 75 per cent of the total nitrogen. He gives .. witll 
all rel'icne, the following tabular ,:;t~ltcmellt:-

aud Ul';wil 

HUlnill·nitl'(lgt·11 

Some of the dissociatioll'produc:ts, especittlly PUl'iH-ha"es, have also 
beCH iOllJle! jn i1 brge rmmher of organ.): Kw,sel ~7 found JIll the haSCR 

"'Ivhirh he hy then (1882) had disCOYcl'cd in the spleen. kiuney, liYer, 
k.stcs, brain, l_)]ood, alH.l muscle, and especially large Ijllalltitjes in 
leuc,t'mic hloOll aTHl in cmhryonie mmdc. l'ekelhal'ing ~':: found 

x;UlLhin in the 11lH:]co-proteid of the gastric jllice i InoJw,?\l working 
umll'r Kossd, adcnin in the red l)lood~~()rpll.sclc.;; of gecfic; Kussel and 
~e!!mann,:i(1 tb.1'lnin jn the milkj GrnIld,:~l pent0scS jn the IXlIlCra'lS, 

livel, thymus, thyroid, salin!.ry gland, spleen, brain, and muscle; 
Araki,:u ]ipyuJinic acid in n llucleic acid prepared from the intestinul 
mncous memhrane; Hammarsten,;):l a carlJohydrate ill the mammary 

glnnd. 
A large number of nucleic acids and their dissociation-products 

La ~Ye been descrihed Ity Lel'cne.:14 
A definite picture of the constitution of nucleic ~LCids we cannot 

as yet draw from the known ditta, especially because qua.ntitatin: 

~Il A. Kossel and H. Stendd. Ztit8chr.;: 
~l A. Ko.~scl amI H. Stewld, i))(d. 38. 
~2 .\. :i\ellmallll, ..:1r.:h./. (Allnt. n.) Physi(!Z, Ul99.1:luppL 532. 
,""I F. Miescfwr Itnd 0, f:khmieJ&uerg, Arch. j: f'atl!. 11m/' /'jmr,n. 37. 

1(18%). 
2-1 T. B. Osborne and J. F'. Hnrri~, Chr;m. 36. 85 (1902). 

H, L. \Vheeler and 'I'. B. JO]J!lSOD, A mer. 29,505 ({'rolll the abstract 
in thE' eMiII. Centro 1903, I. 

2, H. Steudel, CheM. 42. 16.') (1:104). 

~ C. A. Pekelharing, 
2!0 Y. Inoko, ibid. 18. 5i (1890). i$() Soo f()otJ)ote p. 440. 
31 G. Grund, 35. 111 (1902). 32 '1', Araki, 38.98 (1903). 
;1:\ O. Hammarsten, ibirl. 19. 19 (Hl93j. 
3-1 P. A. Levell~, iiJid. 32. 541 (1901); 37. 402 (1903); 38.80 (1903); 39.4 

and 133 (1903). 
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estimations of the disSlociation-products are in most cases wanting. 
According to Bang the pancreas-nucleic acid contains ahout 30 per 
cent of pentosc, and at least as much guanin. The pyrimidin
derivative!'! seem to oecur in smaller amOunts. The constitutional 
formuh~ of Bang 1 and Oshorne and Harris Z are, according to Cohnheim, 
premature, but tho author has thought it right tu give R'tllg's views 
OIl guanylic ~Lcid on p. 459, 

"\Vhat is known regarding; the percentage-composition of nucleic 
acids is given in the following t(l.lJ1e of analysis ;-

Sperma, salmon. 
sturgt·on. 
s\Oa-lIl'ehill. 

Yea:~t, 
l)anc\"p<ts. 
'fhylllU~. 

Wh;)~t-embr:yo. 
Intl'stinalmllCOllil 

membrane. 

Mioschcr,J 
Koll.~ 
)'latllC'ws.~ 
Mie!:lcher.:l 
Bang,n 
Liliellfdd.7 

~~~i~"chcw.8 
Osborne and Harris. lo 

Araki.ll 

; 1'1 ucleic acid. Altmanll. 12 
! IHo&inic-acid, musch:. Hai~er.l~ 

----------- ----
The authors calculate frOlll these analyses the following minimal 

formulre:-

C"'OH,,~XH02)\ (milt of sa.1monl Schmiedeberg 14). 
C.wH~l\~1402(\r4 (milt of salmon, Herlant 15). 

C40H!qNl.1927P4 (milt of herring, Mathews'"». 
C36H4RN14030P4 (yeast, Herlant l:i). 

C4-[)H54-(OH).:;XU 0 2;-P4 (yeast, Ivlicscher and Schmiedeberg 3). 

1 J. Raul', Y,eif.~clll· . .f. physiol. UhC1n. 31. 411 (1900). 
2 T. R. Oshome awl J. F. Harris, wid. 36. 85 (1902). 
J F. llie~d!.er, .. Milt of Sall1lon," in till' posthumous papers edited by O. ~chmiede-

berg, Arch. f. e.rJll"rilitent. I'athol. u. Pha1'1rt. 37. 1 (1896). 
i A. Noll, Zeit:srhr./. physioi. CIl£ln. 25. 43() (1898). 
J'.i A. MatllCws, ihid. 23. 399 (1897). 
{; J. Bang. ibid. 26. 133 (1898); 31. 411 (1900), 
7 L. Lilieufeld, ibid. 18, 473 (1893). 8 S. Kostytl'chew, ibid. 39, 54.5 (1903"-
9 J. Bs.ng, Rq/meister's IJdtriige, 4. 331 (1903). 
)0 T, n. Ollborne and J. F, Han-is, Zeuschr.j; physiol. Chon. 36. 85 (1902), 
11 T. Araki, wid. 38. 98 (1903). 
l'l R. A)tm.alln, A.ry:{l./. (AnaI.)I.,) Phll.8i1)/. ]889, p . .524. 
III F. Hama;..~.f, Chern, 16, WO (1895). 
1-1 0, SCblll~, Arch. f. cxperim. Fatk. '!.t. Pharm. 43. 57 (J899l. 
I:; L. Herla.nj;" ibid. 44. 148 (1900). 

!!!i 
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CH HooNzePMP4 (pancreas, Bang 1). 

C41H7-l"XH 0 2{;P4 (thymus, Kostytschew ~). 
C41H61 N160:n P,; (wheat-emhryo, Osborne ana Hll.rris 3). 

C.wH,,(}Sl.IOWP,t (thymus, lkng 4
). 

It will be seen that the differences are not inconsiderable, Jet it 

fa.ir agreement is shown in the nucleic acids obtained froID the 
spermatic fluids of £sh, the yeast, and the thymus, in respect of the 
nitrogen- and phosphorus-contents. The gllan:dic acid differs more 
widely, a fact which Rang explains by the high amount of gllani!} 

which it contains (sce p. 4f)9). The inosinic acid which Liehig and 
Raiser prepared from meat-extract gives rise, according to BaiseI', 
to dissociation-products which differ from those usually obtaill(-ld, for 
there are present, hesides hypoxanthin and phosphoric acid, a trioxy
valerianic acid, but further investigations into this matter are needed, 

Altmann and Neumann 5 and others describe nucleiC' acids in 
their dry state as white, loose) dost-like, and non-hygroscopic powder'l. 
They are slightly soluble in cold water-( 0'3 partil of pancreas-llucleic 
acid in 100 parts of water); in }wt water they are much more BO]l1ble, 
and very soluble in alkalies, and also in potassium acetate; they are 
precipitated by mineral acids, and dissolved hy an excess of acid; 
acetic acill precipitates only the pancreas-nucleic acid and not the 
otbers. By the addition of an equal bulk of ethyl-alcohol they are 
precipitated, but most readily hy 50 per cent alcohol containing 
hydrochloric acid, especially if ether be also added, and this method 
has been employed by Altmann and Keumann for preparing the 
nucleic acids in a pure state. ",Vith most of the salt!; of the heavr 
metals nucleic acids give insoluble sa,lts, and are therefore pre
cipitated by copper-, silver-, zinc-, len.d-) and iron-salts. Barium-, 
calciuID-, and strontium-salts produce gelatinous precipitates, according 
to Neumann and Kostytschew. 6 As nucleic acids are also precipi
tated by tannic, picric, and phospho-molybdic acids, they must 
possess basic radicals like all the other purin derivatives. The colour
reactions of the albumins are, of course, absent. 

The nucleic acids are plul'ibasic; ~Iiescher has examined the 
ammonia and baryta salts of the nucleic acid of the salmon, and 
Schmiedeberg the ~opper salt. Other investigators have employed, as 

1 J. Bang, Zeihchr.j. }Jhy,~ial. ChC'lIl. 26.133 (1898); 31. 411 (1900). 
2 S. KDstytschew, ibid. 39. 545 (1903). 
a T. B. Oshorne and J. F. Ranis, Zeitschr. f. physif)l. ChC'lI •. 36. 85 (190:.l). 
4. J. Bang, Hojmci.sler's Beitrage, 4.331 (1903). 
5_ A. Neumann, .A lVk. f. (And. fl.) Phy8iol. 1899, Suppl. p. 552. 
6 S. Kostytschew, Zeitschr.f. physiol. (Jk..._?'}n. 39. 545 (1903). 
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It fllle, the hal'iuUl salt. na.ng has investigated tile silYer salt of guanylic 
aeilL The cl1l1in"lellt weight of the nucleic acids is hetween 300 and 
fIOO, -wJliJe the mol,'cuhr .v(jght must Le much higher. 

KOS'3e} 1 has pointed out that the salts of the nucleic acids, 
especially thnt prepared from the leucorytes of the thymus, possess 
the remarkable physicn\ property of forming jellies or mucilaginous 
o:olutions. Acconlinf! to Plcngc,2 a [j per cent solution of sodium 
ItIlc1cntE' Oil hcillf,.: cooled to 12- solidifies into a glass,'" pcIie('tly 
dear. firm, gelatinolls jelly, and 2';) per cent solutions solidify also if 
they ('ontain Rodium chloride or lJonillon m~ulc hy extracting meat with 
lmtcr and then aJdiIlg peptone. I'lellgc has made nse of this sodium 
llHcleatc for preparing culture media which remain solid. at 3't. 

If the solution ('ontninf'. still les8- nucleic acid it does not sot into 
a firm jelV; h1lt~ eSpel\jaJIy III t,he presence of alhumin, jt, possesses n 
markt:'(l yiscous comiRtency reminding one of mucin-solutions. The 
!l](I\lt{ of hirds solidifies on the addition of caustic-soda. solution into a 
jelly, owing to the nucleic acill ('ontained in the nuclei of the red 
corpuscles; and c\"en buma.n blood.~' has a tendency towards jelly 
formatioll, especially jf the numhcr of lencocytes he excessive. TJH> 
~alHe holds good for nriuc" rieh in leucocytes. 

The llue}eic acids awl their derivatires, the nucleins and nucl(·o
proteids, nrc dextra-rotatory, as Gamgee a.wl Jones'") }w,vc fOllna, The 
alhlllnin-moiety is heyo-rotatory, hut the dextra-rotatory power of the 
nucleic acid is greater. The salts of nucleic acids with u.lbumiu 
nt'e the most impOl'tJUlt, for they occnr normally in the heads of 
the sperm~~toz()a of fi$h, and perhaps also in other situations. The 
albumin salts are insoluble; bllt they behave analogously to the salts 
which albumins form with the alcoloidal reagents, i.e. they dissociate 
hydrolytically if an exeess of acid be not present. Nucleic acid, 
therefore, precipitates albumin only if the reaction be acid, and not 
if the reaction he chher alkaline or neutral 

From . the experimental-histological point of view, protamins, 
nndeins. and nucleic acids have heen very thoroughlY investigated 
by I~erg.(J See also 'YetzeL7 

1 A.Kos>.el,Arch.f. F.) 

::lu},pl. p. ;'52. 
3 c. Hir~ch and E. StRdlrf, 

;i Arthur Gfilllgee anll Groft Hill, Ea. d. aes. 36. 913 ami 914 
(l903); A. Gamgee 4n,\ 'tV. Jones, 4. 10 (1903); see also T. B. 
Osbofue, Amer. JOIt'f'iI,. oj Physiol. 9. (1903). 

6 Walter,~.JtM./. !lnk . .dnat. 6'2. 367 (1903), and 65.298 (1904) • 
.. J. Wetzel, Arch. J. (Anal. 'M.) PlIysiol. 1904. p. 544; and in"l'erh. (l.physiol. Ges. 

mBerlin, IO. ~Jl: 
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.l\lanr taxills arc also pre('ipitah~d hy Jlucleic acius aeeortiilw to 
Tichomi;oif,l and the strong disinfecting actiun of free llueieie :cid 
observed by Kosse1 2 depends, perhav~, [tlRO on its allmmitl-precipitat
ing power. Introuuceu into the IJlood. thymus-nucleic acid cflnr,es 
a marked hypcrlencoeytosis, whil~ its salt::; arc inactivt>, aCl'onlink! to 
:\eumann;;J in doses of 10 grannncs it it> ill different to Ulan. 

Goto ~ has noticed a very important property of lIucleic Heid, 
wtrnelr, that of keeping purin-hases and m·je Itcid ill solution. 
'Whether uric aci(l is kept hy this means in soluilOll in the hl)<],' is 
as yet ullcertain, hut the Pl"Opcrtr is of the very greatest impOl"t.::llce 
in physiological investigatiom;, for it. is impossihle to dctefllliJlt' 
pnrill-bascs and uric acid quantitatively in t.he presence of nucleic 
acids. 

Nucleic acids are, as ~eumalln has ShOWll, vcry J'C'adily decom· 
posed by hoiling with acids, or even with pure water; but. thr-y are rery 
resistant towards the action of alkalies, especially if sodium aeetatc 
be added. Alkalie" lmyc, therefore, llcen used for isolating IllH'leic 
acids. 

'When nucleic acids disintegrate, they do not at once giye t'ise 
to the above-ment.ioned dissociation-products, as a number of inter
mediate products are formed in the first instancc:. NeUmaI1I\" and 
Kostytschewf> state that the nucleic acid <a,' which can lw holated 
from such tissues as the thv-mus, is converted when it is Iloiled for two 
hours with alkalies into ~nucleic acid 'h.' This latter no longer 
gela.tinises; with barium and calcium it does not giye a gelatillOllS 
precipitate; it contains only a portion of the pudn-base~ origjnaJly 
present., a,nd for thi8 reason less nitrogen than th~ a-nucleic ariel. 
"'hen b-nucleic acid is still further hydrolysed it gives rise to the 
thyminic acid, which contains no pUJ"in·hases, and to which Kassel and 
X eumann "[ have given the formula. CH\lll,~X zP 20]2< The thyminic acid 
also precipitates albumin in. an acid solution, and. keeps purin-bases in 
solution. As an intermediate product between b·nucleic add and 
the thYIllinic acid Keumann:j has described the nUcleo-thyminic acid. 

The dissociation of the nucleic acids into the just-mentioned 
intermedia.te and into the final products does not only occur when 

1 M. Tichomiroff, Chern. 21. \\0 (18~5). 
~ A. Kossel, Arch. J. (Anal. u.) Physiol. .-\ht1. 1893, 1'. 157; A. an,1 H. 

KO"t>el, ibid. 1894, p. 200. 
;} A. Seumann, ~·oid. 1898, p. 874 {rer/l.«lldbrnfj<!1i rur &r1ifl.er pIll/sid. {le-sdlsellaj! '. 
~ M. Goto, Zeitschr.f, physiOl. Chem .• 30. 473 (1900). 
5 A. Neumann, Arch. j, (Anal. '11.) PhJ/.~iol. 1899, Suppl. p. 552. 
II S. KOlItytschew, Zeitschr.f. physiol. Ohern. 39.545 (1903). 
j A. ·Kosseland A. .Neu~llnn, ibid. 22. U (1896). 
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they are boiled wit,h water or with acids, but is also induced by 
ferments, the so-called' nucleases,' 

Gumlicb,l working under Kossel, has shown that nucleic acid 
dissolycs readily in the alkaline intestinal and pancreatic juices. 
This solution depends, accor(ling to Araki,!! in the conversion of the a
nucleic acid into the h-variety, and is "brought about by ferments 
contained in the trypsin- and erepsIIl-preparations, and also in tIle 
thymus. I wanoiP and Plenge,4 and Schittenhelm and Schroter 5 

found similar ferments in bacteria, for Plenge could show their pre
sence in 11 clear m:mner, for his solid culture-medium consisting of a 
sodium -nucleate compound became soluble. This liquefaction is for 
diagnostic purposes as valuahle as is the liquefaction of gelatine . 
.. _.-\ceording to Kutscher (l ttnd Araki the dissociating action of the 
Httdeases of such organs as the thrnms, and of bacteria, yeaRG, etc., 
does not simply stop at the liquefaction of sodium nucleate, but 
results in It, complete dissociation of the latter. Nucleases play an 
important p<l.rt in the autolysis of the meat of fish, according to 
Schmidt-Nielsen,' as they conYert the nucleic acid into purin-baMs, 
t'te. Dming metabolism nucleic acid is, ·without doubt, completely 
disintegrated, its phosphorus being excreted as phosphoric acid .. 8 

The fate of tlw pyrimidin- and of the purin-derivati1;Tes has fwt yet 
heen cleared Up.fI Lehmann 10 found that if yeast be kept for some 
time that all its purin-radica.Ig are cOIlYcr1ied into xanthin. 

According to Bang,ll the pancreas-nucleic acid possesses definite 
poisonous properties, such as that of preventing coagulation, etc. The 
nucleic acid of wheat-embryo.s behaves analogously, according to. 
!.lcndel, Underhill, and \Yhite.1:2 

l Glllnlich, Ztitschr. j: physiol. Ohem. 18. 50S (1893). 
~ T. Araki, 1],;'11. 38. 84 (1903). (hf'l"e tIle olcler literature). 
1 L. Iws,noff, ibid. 39, 31 (1903). 
~ H. Plenge. i/,id. 39. 190 (1903). 
" A. Schitteuhelm and F. Sclm:iter, ibid. 39. 203 (1903). 
n F. KutscJler. ibid. 32. 50 (1900). 
,. S. Sl'hmidt-Xielsell, llq/mcistds Be;trt'tfJe, 3. 266 (1902). 
H P. )1. Popoff, Zeitschr. / physiol. Che:m. IS. 533 (1893). 
9 H. Steudel, [bid. 32. 285 (1901); 39.136 (1903). 
l\) Y. LelnllallIl, ibid. Q .. 563 (1885). 
11 J. Bang, £bid. 32. 201 (1901). 
l~ L. B. Mendel, F. P. Underhill, and B. White, A.mer. Jow'n. ,~r Physiol. 8. 377 

(l903). 
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Plasminic Acid and Irl)n 

Here may be mentioned the pla.sminic acid, which Kossel l and 
Ascoli 2 prepa.red from yeast. It contains much more phosphorus 
than do the nudeic aclds. Ascoli fonnd np to 27 pcr ernt of 
phosphorus, and the substance he analysed was probahly a mixture 
of plasminie acid and of yea:"t-uucleic acid, so that in pure plasrninie 
acid the phosphorus-content will be even higher. 

Ascoli believes the plasminic ~lCld to be a metaphosphoric aciu, or 
the salt of such an acid with an organic 1m,se. Plasminic a.cid i~ 

readily soluhle in water and in dilute hydrochloric acid, and, theJ'efore, 
it is easy to separate it from the unchanged nuclei('. acid. Plasminie 
acid pI'ecipitates albumins and a1burnoses, and gives, with silver nitrate, 
a precipitate \\,hich is readily soluble in ammonia and partly soluble 
in hydrochloric acid; it is insoluble in acetic acid. Its ruost im
portant property is that it renders iron 'masked.' If one add to 
a solution of metaphosphoric acid as much ferric chloride as can be 
kept in solution by the excess of acid, and if one then add ammonh 
to neutralisation and precipitate with alcohol and ether, a. suhstance is 
obtained which gives the fol1mdng reactions: It is soluble in water, 
hydrochloric acid, and ammonia; its iron does not react to small 
a;nounts of ammonium sulphide, and not immediately to Jarger 
amounts, and it does not give up its iron to hydrochloric-acid-alcohol 
except under certain conditions. Plasmin behaves exactly as does 
this met,aphosphoric acid: it too contains iron, and also in a non-ionic 
form, as its pref!ence cannot be demonstrated by either the Prussian 
blue reaction or by other direct tests. See also p. 450 and the index 
for other iron-containing compounds. 

Ascoli 3 was unable to show the presence of metaphosphoric acid 
in yeast-nucleic acids. 

(b) The Nucleo-Proteids 

According to the unanimous statements of lfiescher,4 Kossel,:' 
and Schmiedeberg,6 nucleic acid occurs in the spermatozoa of several 

1 A. Ko~sel, Arch. j. (Anal. 1L.) Physiol. 1893, p. 157. 
~ A. Ascoli, Zeitschr. f. phYiI"wl. Chem. 28. 426 (1899). 
3 A. Ascoli, arid. 31. 156 (1900). 
~ F. Miescher, Verhandl. d. natu:rforsch. Gesd)$Clw/t in Basel ~:-1., Heft 1. p. 138 

(1874). F. l1iescher, .. Milt of Sahnon ,. in posthumous pal,ers, edited by O. Schmiede. 
herg. &hmiedekrg'8 Archiv fiiT experiment. Path. 71,. Pharmak. 37. 1 (18S6). 

5 A. Kossel, Zdtschr.f. physWl. Chem" 22.176 (1896); A.. Mathews, iQid. 23. 3SW 
{1897); ~4.. Kosse}, ibid. 26. ]6.5 (1898); Bull. de la &C. chi)'", de PMi.!, 1903, JnlL 

!) O. Schmiedeberg, AT~. f. experiment. Pati,. 11,. Pltarm.43. 57 (1899). 
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fi~h in the form of It salt, namely, as protamin nucleate or histone 
IlucIC<1,te, hut in the tissues of mammals nucleic acid occurs in 
some other Rtill unexplained state. Bang 1 and Osborne 2 have €,'en 
denied tl1e existence of nudco~pl'otcids as special compounds for these 
rea:,;om;: N uc1eic acid lwccipitates albumin only if the reaction he 
ncid (see p . .:J_,H). If one extracts an orgun witb l{ neutral or an 
alkaline fluid, the sodillm nucleate may pass into solution along 
with the a.ll,umj,), and t.Jwrcforo alhumin nucJe,'lt,e wi]] he precipitated 
as soon as the extr<'Lct, which ,YO have made, is acidified. 

1£, tht'refoJ'0, a I liuclen-proteid ' is precipitated hy the additioll of 
n.ceti{' aeitl to a ,Ya.tery extraet of the thymus, the precipitate might 
in reality be nn artefact, and not being preformeJ in the cell, the 
alhnmill"nudeates would therefore l~e comparable to alhumin phospho
tungRtatcs or tauro-cholat,es. Kossel g points out, how-ever, tktt 
Huiskamp 4 has shown that some of the nucleo-proteids are not St~lts 
at. all) and M:dengt'eau;) and lluiskamp G have further succeeded in 
obtaini!lg Illleleo-proteids hy 'salting-ant' and hy other means, without 
having had to acidify the extracts. The strongest positive proof for 
the existence of 'llncleo-proteids' i8, however) the histological study of 

t,he distribution of iron and phosphorus hy microchemical tests. 
It 'is therefore impcmtivc to regard nucIeo-proteids as chemical 

indivi(luals which form a special group of albumins. 'Ye have to 
admit, on the other hand, that the precipitates \vhieh are formed by 
bringillg a1bumins and nucleic :Lcid::; together, according to Kossel,';' 
faidy closely resemble the naturally-occurring nucIeo-proteids, and 
that the property of llucleie acids to form insoluble precipitates 
with alhumins, and also otherwise to comhine witll albumins, makes 
the isolation and investigation of nuclco-proteids a yery difficult task. 
For this reaSOll the nucleo-proteids are enm less known than are the 
sim}Jlc albumins of the cell-plasm. 

The aJbuminolls radicals to ",h1('h the nucleic aeid is unjted jn 
the testes of fish are the protamins and histones, In the leucocytes 
of the thymus, and in the nucleated red blood corpuscles, nucleic acid 
is also linked to histone and parahistOI.lC (see pp. 408, 411). In all 
the other organs the alhumin-moiety has not yet been investigated. 

1 J. Ballg, Zeitschr. f. physiol. Chon. 30. 508 (1900). 
:; T. R. (J",borne, ibid. 36. 85 (1902;. 
3 A. Kos.'<el, ibid. 30. 520 (1900) . 
.. V{. Hui~kamp, lbid. 34.32 (1901). 
r. F. Malrngreau. La CeUule, 17. 339 (1900). 
Ii w. Huiskam~ ~.r. f phy~i()l. Oluitn. 32. 14;1 (1901); 39. 55 (1903). 
~ A. KOiSel, ATt''k:..r. (.lnat. g.) Phy~ivl. 1893, p. 157; T. H. Milroy, Zeilschr./. 

z,hysivl. Clwm . . 22. 307 (1896) ; Y. Inoko, ibM. 18. 57 (1893). 

c"'" 
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The nucleic acid is linked to \,Le albumin in the following 
manner: According to Lilienfeld,l O'B per cent hydrochlorie acid 
liberates the basic histone from the Ilucleo-histonc, which is a nudea
proteid of the thymus .• and therefore nueleo-histone may he regarded 
simply as a salt j bllt Hlliskamp 2 on electl'olysing a f;olntioll of "odium 
nucleo-bistont; found that It gave rj~e to tho hms: nllclcu-histonc and 
sodium, and not to nucleic acid and histone. Cohuheim helieves this 
dissociation (nucleic) to speak against the existence of acid histonc
nucleates. In other Dueleo-proteills, as, for example, in that of the 
pancreas, w-hich has been investigated rery fully, a dissociation lly 

acids analogous to that occurring with the nueleo-histone of the 
thymus cannot be observed, for the pancreas DucieO-IJl'otei<{ a when 
hoiled in neutral solutions dissociates into alhumin awl nucleilf) whi('h 
speaks strongly against a salt-like cotnhinatioIl, acconling to Cohnheirn. 

On dissociation taking place, nucleic acid is never split off' from 
the Dueleo-proteid as IL free acid, but as a llucleie-acid-eoInpountl 
containing a certain amount of alhumin. This alhumin-nudcate is 
knO\VD as nuclein. X ucleic acid would therefore appear to 1,e 

1inkel} to two albumin-radieals, one of ,,,bieb is readily RpJiL off ·w}]i]1' 

the other is firmly atlherent. Lilienfeld 4 has expressed this hy the 
following scheme; 

N ueleo-proteid 

/" 
/ ' 

albumi)l nudein 
(histone) /'''' 

albumin nucleic acid. 

It must, however, he pointed out that nucleins are still more difficult 
to prepare in a pure state than are the nucleo~proteids, and that 
therefore it is still easier to get mixtures of substances and artefactf3.f) 

N ucleo-proteids in a pure state resemble other albumins in forming 
loose, white, non-hygroscopic powders;' as they do not OCCllr in 
solution, but only as cell-constituents, it is difficult to say in how far 
we are acquainted with their natural properties, and to what extent 
they have been altered by the process of isolating them. They 
are all markedly acid, are soluble in water and in salt solutions, and 
still more soluble in a.lkalies. They are precipitated by acids, but with 

1 L. Ulilmfehl, Zeit.~chr,f. phYJJwl. Chem. 18. 473 (1893). 
2 W. Huiskamp. ilnll. 34. 32 (1901). 
II F. Umber, Zeikchr,j. klin. Ned. 40. Berte 5 and 6 (1900). 
, L. Lilienfeld. Arch. f. (Ana,t. 11.) Physiol. 18{12. p. 128. 
~ F, Umbel', Zeit~chr.f. klin. Med. 43. Hefte 3 and >1 (1901). 

2 G 
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excess of ,wios, specially mineral acids, they pass into solution again, 
and then may nn(ler~o disintegration. The sidting-ont limit!". differ 
with each llnclefl-protcld. The I1uclco-proteid" are under suitable con~ 
ditioll" as readily and as coropl~tpl~' c0agulateu and denaturalised 
hy hCO'Lt or otLel' ag'(!J1cics as are the nati,'e albumins, hut the nucleic 

:leid may be J'econlt'eu. from the cOllgnlunl in an unalterell state, for 
only tho nlhmuill ('cnnpultcnt llccomcs coagulated. 

Nncleo~proteid8 gin all tho coJOlu'-rea.ctiolls of the albumins, and 
Jlre preclpltat,ed 1)? the ordinary precipitating agents. Tho:,-' yield, 
<t5 far as they hare heen invc::\t.igat.ed, the diss(Jciatioll-}1l'00ncts of the 
ordinary albumins, lJut in addition also products peculiar to the 
lltlcleit"-Ilcitl l'wli('al, namel.v, the Illlclein-ha'les, etc., and ::tlJOye all 
~)!IOl'pllO]"ic acid, T}wit perceIl!:l~e-eomp()sition varies greatly and 
eall he giycn, ,,"jtb It fair amount of assur:WCl', onl,r in the case of a 
few suhst:lnccs. 

lrOB if. contained ill mOOit, if not in all, l1ucleo-proteid~. aBtl if wo 

except t,hc i1"oll present in the ha'll1ogJohin, 1 he ma.in lmlk of the 
n·maining iron concerned in metabolism is cOlJta.ined in the nudeo
pt'oteids; nothing is known as to how the iron is linked up, but we 
knO\r that it i8 present. in a HOll-ionic or 'masked' state, aJld that 
th('refore it cannot f..t1ve d.irectly the Prussian l)hw reaction, or the 
ammonium ~ sulphidc- or hrellmtoxylin- tests. That plasminic acid 
llt:'h:nw; ~itllilar1r has heen pointed ont on p. 447. 

The methods of unmasking iron for micro-chemical research have 
b£'cTl st.udieu by Molisch,l and especially by Macallum.2 The micro
chemIcal reactions of nuclein-comp()unds is fuUy discussed in the 
author's Physiological Illstolorl.ll, 1902. 

The occurrence of copper in plltce of iron in certain lCllcocytes of 
the oyster has been described by Buyce ,~lld Herdman.s 

On digesting nuc1oo-proteius with pepsin-hydrochloric acid, the 
albumin-moiety breaks up into albumoses ttnd peptoncs, while the 
nuclein is precipitated, This property of giYillg a precipitate with 
pepsin-hydrochloric acid led originally to the discovery of nucleo-

1 Moli.~~'h. 'l3emerk. n. d. Nachweiss VOIl lIlaskirtt'm Ei~en,' Eer. d. deutsch. '",t. 
G(!.i)tll,~c.k. II. 73 (1893). 

'" A. B. Maeallulll, ' 011 the Distrihution of Assimilat~d lro]) Compotlllds, other than 
Hremoglobm and I;f~Ulatins, ill AninlM and Vegetahle CelIs;" Qjwrtcrlll JO'UTn. of 
Mi.cro$C. Scie1lM, ~>175 (1B95-96), and: 'A New Method of distingaishing between 
Orgallic a.J.Hi Inotg8.nic CQwpounds of Iron,' JOUTn. of Pltyswl. 22.92 (1897), 

3 R. Boy-c.e and W. A. lIel'lllllan, Phil. 7'Tans. L(ma. 62, :14 (189i-I.lS) . .... 
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proteius oy ~1iescher, I and constitutes one of their ehid characteristics, 
the others being their phosphorus and iron ~()nteut, :uHl the prc:-;.cnct' of 
purill-hases. 1\1ilro~T~ itnd "Gmhel":l h,Lve, however, lSh{,wn that a COllsi{kl" 
able amount of llllcleic ariel i:; liberat,~d by gO(ld pl'psin~h,nll'()clll()l'ie «cid, 
The precipitltte, <tccordinf,; t.o VmlJer, may be pare nucleic Il{jd, but 
:1.8 it rille it. stilJ conh!illS albumin, and is t!'TmerJ a 'lH1CJeill ' (sec 1). 
-1-49", By trTpsin llucleo-proteids <Ire disso]yod ; J)Cptolle.:1, amin(J-:({'id~ 
and nlleleic aei(b pass int.o solution (rmbcr), 

That extr,Lcts of the liver nndeo-proteid:'. ]ilicmte iunic iron as the 
resnlt of :tuto-digestion has heen. pointed (mt hy Bott<tz%i_.f 

The uucleills al'e iJl.ternlCdi(lte hGtw(!('}1 tht' llllc1eo·pl'otcids and 
the nudeie a<:id hath gcncticallr ,m<1 it" regm-ds their properties. 
They nre much more SkODgJy Hejtl than H1'O the JJ1lelell-prot.ejds, and 
only 1yjth uitticulty i"oln},Jc in acids, ('ve!J jf !Wjdb ;H'C !lJ';eu in cseesE. 
Juuging by their pel'Centage-eompositioll, they an' far l'emovrd fn)!)) 
the itlhumins, for, (IS It rule, they cont.ain Ollly about 4-0 per cellt, OJ' 

.a 1itt1e more, carl)on, llllt 4- to -; per cent of llilOsphorus, from which 
it foll()\\"~ that they are cmnposeu of nucleic ~lcid to the extcnt {)f 

I1t least 1.;0 }Jer cent. They still give t,hc reactions (If alhmnilloll."': 
ImbsUlnces, In gflstrir jnlce they are only soluble with difficulty, itnd 
therefore pepsin-hydrochloric acid is employed in pl'opnring them. 
They arc; however, readily dissohcd by trypsin, \rhen trcated with 
alkalies they give rise to nucleic acids or to f>odinID nudeates. 

~udeo-proteids have heen found b;,- Aliescher 1 in the nuclei of 
pus-corpuscles, ana by P16sz 5 in the nuclci of the red l)lood e,)rpuscles 
of birds and snakes. Lilienfeld/\ Huiskamp 7 :md othors lWHJ pointed 
out]1I the case of the thymus, and Mieschcr/ hos&el'i and f:;chmied(.'
berg 1> ill the case of spermatozoa, that llucleo-proteids pass ahvay:-; 
into solution, and only into solution when the nucleus disintegrates. 
The Illlcleo-proteids a.re therefore constitncnts of the celluuclei, and 
in those organs specl,tHy rich in {'ells, such a.s the thymnB and the 
lymph glands, they exceed in quantity all the othel' alhumins. 
J.ilienfeld could show that 77 per cent of the dried leucocytes of th~ 
thymus represent nnclco-histone, and, not tnking into account th(~ 

ether-soluble products, the heads (nuclei) of the ripe spermatozoa of 

1 F, Miescher, l/"j/(!f:.8eylcl"S ][ed. -elm/I" Cnta,v/Jdt. p. 441 (lS71/. 
:< '1'. H. Mihoy, Zeitscli.r./. physiol. ('hWI, 22.307 (11::\96). 
3 F. UUlber, Z~itsclli'.f. ldin, Nedizil!, 43, llefte 3 and 4 (1901). 
4 F, BottltzZi, ZClltralU.,f. P/i!l,>:id. 18, 98 (2904). 
r, p, Plosz, 17M. p. 461 (1871). 
6 L. LiHellfeld, Arch. j. (A nat. ltnri) l'hysi()l .. Physiol. AbteiL 1892, p. 128. 
7 W. Huiskamp, Zeitsekr. f. pkyaid. GIURl. 32. 145 (1901). 
~ Soo footnotes 1 a.~d :.! on p. 452. 
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fish contain, according to Miescher and Schmiedeberg,l 96 per cent of 
protamin-nuc1eate, the other alhumins being only present in traces. 
As the so-called' chromatin' of the nuclei is basophil, i.e. is acid in 
character, there is no douht that the nuclear chromatin network 
consistll essentially of ncid, lluelcin-like substances (:\Iie~cher,:! Ehrlich,;' 
)jalfatti," Kossel,::' ZItL'harias,G LilielJfeld/ Heine,S and the author, 
'~"-ho has entered fully into the question of micro-chemical methods in 
his hook on Ph_ll,~i()l()(!iwl IIisto[0f!!I). [j 

The intel'-I'clation between nucleins ;wd nucleic ;wids on the 
one hand, afHl globlliin-like bodies on the other baIld, during cell
metabolj"m has been especially inYestigated hy Lily Huie, 1"orking 
under the author '8 direction. W 

":\ncleo-proteids resemble many ferments as regards their solu
bilities, and these two classes of compounds are therefore frequently 
considered together. Hammarsten 11 obtained Imcleo-proteid along with 
trypsin froUl the pancreas; Pekelharing, 1~ Sclmmo,,,-Simonowsky, IJ 

Keneki and bieber H a Hucleo-pruteid be8ides pepsin from the gastriC' 
mucous membrane and from the gastric juice; Pekelhal'ing 1;, the 
fi brin ferment as wen as a nucleo-proteid from the blood and from 
the thymus. This purely chemical result is in full agreement with 
the histological evidence, for L. H. Iluie,Ui 1yorking with the author, 

:! lIIlCscher, 'Die 
ill Easel. 6. 138-:!08 

Verk. d. nalil1J. ('ese/Isell. 

~ Ehrlich, J'a.rbc1!(l'Iwlytisch., L'nter8uchuflgol .~. Hist. u. b7inik d. Blntcs, Gaqllundtl' 
.i.l!itth. lJl'"rlin llin;chwahl. 

~ Malflltti. Be't. JI(dll1'!{·. md. r"ereins /:n fnnshrlld~ (1891-1)2). 
~ A. KOi<Sel, Ardl.f. (.Inat. 1891, p. 181. 
6 E. Z!ldmria", BfT. d. (frs. 11. 190 and 299 : 14. 2it) 

(IS9ti); 16. 1:S5 ; 19. 3i7 (1901); 20. 238 (1!l02). d. natur-

1"i8NensclH~.m. !lambttrg, 1900 and 1901, Sceals() L. Heine, Zeifsckr.j:physiQl. 
('Item, 21. 119:! (1896). 

7 L. Lilieuf(lld, ibid. 1893, p. 391; 'Uber (1. Wahlvenvandt~chaft d. Zdlelemcnte 
x. gewis". }'{lrhst(Jtleu,' _lrck. f. (ANaL u.) PklfM. 1903; 'tl!er d .. li'arhefll'eactiOll;l. 

~Iucill< ibid.: 'Zur C'ilemie tl. Leucocyten,' Zl'il;;ch1·./. physiol. Ghem. 18. (1894). 
~ Heine, 'Die :\Jikrnchl'lUie d. )Iitose, zu~lei('h cine Kritik micf(x'hemiscber Methoden: 

ihid. . 

Y Gustav Mauu, Jlfetlu;d,i; and Tll.f'or.1I of Phl/siol. Hi.st. Clarendon Press, 1902. 
10 L. H. IIn.ie, Quart, Jrmrn. rif Micros. Soc. 39. 387 (1896-97), awl 42. 203-

(]S9'). 
11 0, Hammarsten, Ze1tsckr.J.:phJ!8Wl_ Chem. 19, 19 (1893). 
1'.1; t.:. A. Pekelharing, ibid. 22. 233 (1896) ; 35. S (1902). 
13 O. O. Schl1mow-SimOllQWsky, Arch.f. e.rptr_ Path. 1l. Plwrm. 33. 336 (189~). 
It M. Nencki and N. Sieber, Zeitschr.f, physiat. CMm. 32. 291 (1901). 
III C. A_ Peke:llw.ri~~~tralbl. f. Pltysis;;l. 1895, p. 1(12; C. A. Pekelbarillg antI 

w. J:lui8\,amp, ibUt.._. t2 (1903). . . 
It! L. H. Hu.i~ Quart. Journ, of Micr. &!c. 39. 38i (1896-9i), amI 42. 203 (1899). 
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has shown for Drosera rotnndifolia, Trambusti 1 for Spelerpes, 
{}aleotti 2 for the same amplJihil1n, and the author for mammalian 
salivary glands and intestinal cells (unpublished observ(l.tiom), that 
t.he zymogen-grannIes which ultimately are converted into ferments 
are of nuclear origin. 

To this group of substances belong also those tissue-albumins 
which accelerate coagulation,:·:: the tissue-fibrinogen of \Voohlridge and 
the cytoglohulin and pf&globulin of Alexanuer Schmidt. The 
effects produced hy the injection of nuc1eo-pJ'oteids, obtained b.y 
Ihlliburton's method from tllC thymus and from lymph glands, have 
heen cl~refully stmlied hy Macwillimn, Mackie, and Murray,. and 
Mandel;) has investigated the p[lrt played hy allCrxllr-hMes in pro
ducing fever durillg aseptic conditions, 

The enterokinase of the intestinal mucous memhrane, according to 
Stassano and Billon,6 has also the nucleo-proteiJ atta,ched to it, and 
Galeotti t and Hahn i found the nucleo-proteids to he the carriers of 
the imnllmising suhstances of the hacterial cells. Lustig8 h:1S isolateu, 
by a chemical process not diyulged, nllcleo-proteids from the cholera-, 
pest-, and anthrax bacilli, the mi~rococcus urere and micrococcus pro
digiosus, etc. He finds that rmcleo--proteids react as do living'bacteria, 
as far as intra·cellula,r toxins arc concerned, 

Cohnheim says: "That the ordinary nueleo-proteids are the fer
ments themselves does not follow from what has just been stated, for 
it has been proved that the digestive ferments are separate bodies, 
while it, 15 possible that the fibrin ferment and nucleo-proteid may be 
one and the same substance. The ob;;ervation of TichomirofP that 
nucleic acid precipitates ricine, tetanuf3, and diphtheria toxins is in this 
connection very interesting. It is specially pointed out that the very 
tlbundant occurrence of nucleo--proteids must not be taken a.s a proof 
in itself that they possess an important biological function) for they 

1 Arnaldo Tramhusti, Lv Sper.j,lIu,u(lle, anno 49 (Hezione Biologica, fase. 3. (1895), 

(here the older literaturef' 
2 Gino GaJeotti, Zeilschr-f.physiol. CAem. 25. 48 (1898). 
3 A. Neumann, Arch . .!. (Anal. u.) Physi.fJl., Physiol. Ahteil. 1898, p. 374 (Verhandl. 

der Berliner phy6iol. GefJelhch«jt). 
4 J. A. Macwillia.m, A. H. Mackie, and C. Murray, J'7Urn. (If PAys-iol. 30. 381 

(1904). 
5 A. R. Mandd, Allier. Journ. of Physivl. 10. 452 (1903). 
Ii H. Stamw,uo and P. Billa1), (Jampt. rend. Soc. de liiQlogie. 54.. 623 (1902). 
7 :M. Hahll, 'On the (Jhemical and ImllLUni'>ing Properti,,~ of the Pla.&mill.H,' 

Verhmull. d. 4. inienuztion, phllswl •• Kongrw/Je3 Ztt Cambridge, Journ. oj Ph1!8Wl. 23. 

Suppl. p. 45 (1898). 
" A-.. Lustig,. Arehivw di Fisiokgia, 1. 336 (HW4). 
{I M. Ticbomiro~ Zeibchr. f. phY$iol. CIuJ1n ... 21. 90 (1895). 
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may he simply the frame"work and the protective medium for the living 
matter propel"." 

The nnthor is at a cotuplete lo~" as to Cohnut>im's meaning, for 
\vhat w[' call lifl' is ,.:;imply the manifestation of special chemical com
pOlllld~, n,nc1 if we sct! microscopirally that oyer," manifestation of 
metal~l)li:im is aCC(!TIlpalllOd II)' eJ}ormo\l" changes in the Ilucleo-pr(lteids, 
awl that the rapidity wjn) ", .. hich nuclf'o-proteids or the nuclear 
hasoJlhil ('hromatin reaCh; to fl)()(i Huhstanc,es is directly propot,tiollal 
to the Caf.;e with whil'h the food i8 ahsorbed (Lily l1uio,l working with 
the author), wc C<1lmot tlrrh'c at lLny othcl' COllclusioll but that the 
rmclell.protcids oI:trc the (tgellcies hy which amino-ilcids are built up into 
the ct'll-pl/Lsrn, as already emphasised in the introduction. 

(e) The Individual Nueleo-Proteids and Nucleic Acids 

1. SUt!I'I)·P!",tl'jt!,~ )"0/)/ fllf JJf'llt!.~ III flu) i)pfl'mo/(J»{I 

Th(' spermat.oz/),{ of many tisll, a.itCl' th{' removal of ether-soluble 
slIh",tances, consist of U(i per cent of protamin-nncleates or of histont,
mH'l('t~tCii, the other albumins being only preMnt in traces. A more 
detailed aCCOllnt has already heen giyen on pp. 440 and 4+1 whilst 
discnssing the protamins [LIld histones. The composition of the 
hHliyjdunl nucleic :tl'irls is giyen on p. -14-2. )Jjescher and SehmicdL'
l)crg:: found in the spermatic fluid of the salmon-

Go'50 per cent nucleic aciu 
~:)',:S6 per cent protamin. 

Schmiedehel'g calculateR from these figures an acid salt built up of 
ten molecules of protamin and eleven molecules of llnclejc acid. 

Clupein nucleate, prepared from the spermatozoa of the herring, 
possesses, according 1.0 .:\lat.hews,3 the following percentage com~ 

position-

and is, according to him, a neutml salt. 
The spermntozon. of the sea-urchin Arbacia pustulosa consist, apart 

from lecithin, etc., essentially of a nucleic acid in combination with 
arbacill, whi{'h is a histone.4 The spermatozro of the ox have been 

I L. H. Huie, Qttad. JOUtJI. f!f .JfilTOS. &ltlIICe, 39, 387 (lS96-9i), amI 42. 203 
(1899). 

2 F. )lie;-;dler, 'Milt.of 8almon,' ill th .. posthumous papers t!dited hy 0_ Schll!ieJtl
berg, Arch.,t. ~ML' P<ltk. und }'JUl'l'll ... 37. 1 (1896). 

;I A. Ma.th\,ws, Zeitseh/",f_ physiul. Chern. 23.399 (1897). 
4. A. Mathf'w#, ibid. 23. ;~99 (189i). ,,.,. 
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investigated hy ),Jiescher 1 and }fathew:;,!-' aceording to whom tfu.'." 
contain neither protamin nor histone, hnt another allmmin. The 
proteid contains, according to ':\lieschcr, 2'32 P()f" cent, P aod ] '17 pt'f 
cent S. !tIiesdwr prepared from it a nuclein with ·1'7:1 Pt'I' C('llt P 
and 1'71: per cent R, and, furilwr, a nllcleic acid, the composition 
of 'vhirh bas been gi\'en Oll p. 44-2. The spermatozoa of the hom' 
arc similar to those of the ox. 

2. ~Yud(:'(I-rrotcids of thl' ThYiluu (lnd XuclcII-J/isfo/u' 

Lilienfelu:-! obtained b;v collatiOlI a la.rge number uf leucocyte,; 
b'om the thymu . .:; of the calf, which he then extracted with \'t'atcl', 
By precipitating ~he watery extract with acetic acitl he ohtained the 
'Ilucleo-histone,' which amounts to 77 per cent of the dried lenco 
CytCR. It is soluhle in water, alkalies, ftlHJ alkalilJe cllrhollates; it 
i~ prerjpitated by dilute act'tic acid. Lilicnfel!l consider:') it to he an 
w·iJ: sait of nuclein with histone. On jJeing tl'catecl with O'K per ceM 

hydrochloric arid it gives rise to histone, whieh has already heeH 
de"cl'ibed on p. -./-lO, and to a nuc1eill, the' lcnco-fmeleifl.' Tbi" 
nuclein cont;lins 4'702 per cent of P. '''hen it is uuilcd or di,!-:"csted 
with pepsin-}lydroehlorjc acid jt also gives rjse to nucleins, wbich 
contain 4'H9 per cent of P. Subsequently thi:; question has heen 
reinvestigated hy l\ialenf,rreau/ Huiskamp/' and Bang,!' who hav(> 
al'l'ivNl at the conclusion that there are l'l'csent in the leu{;()cytes of 
the thymus two different I1ucleo·proteius, which di1fer from Oll(' 

another in their solubilities, and particularly in their l' contents. Thc 
contradictory statcments of the older observers 7 may he explained by 
this fact. According to Huiskam~) the thymus contains-

(n) A IIllc/eo-hi,,/ow; llltt'inq f/i,e per(en/aqe-com]!o~iti(J/I

C 48·8 H 7·03 N 18·37 S 0·51 P 3·7 

It is precipitated hy 0'1 to 0'5 per cent CaC12 or 0'9 p~r ceut 
NaCl, but it remains in solution if these salts are either in lower or 
ill higher concentration than those just mentioned. The precipitation 
limits for ammonium SUlphate are 5'6 and 7'2. Owing to the 

1 F. Mi"schel", l'('rJmndl. d. n(!t«:r/ofsch. Oesellsch. i'l Basel, 6. 138 (1874). 
'.l A. Mathew~ .. Zeitsc}w. j. phy~iIJ1. Chell!.. 23.399 (18\:17). 
:1 L. Lilienfeld. ibid. 18. 473 (l893). 
4 F. Malengreuu, La. Cellule, 17.339 (190(/" 
5 W. Huif;kamp. Zeilsclw.j.)Jliysiol. Chem, 32.145 (1901); 34.32 (190]), 
ti J. Ballg, Hojmeu,tIfr's BeitriigF, 4. 115 and 331, 362 (1904) ; 5.317 (1901). 
T J. Bang, ZeitschrJ. physiol. O/ann. 30. 508 (1900); 31.401 (1900): A. Ko!,.~d, 

ibid. 30. 520 (1900). 
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existence uf thi::: nudeo-histone, leucocytes uo not dissolve in 0'9 per 
!'cnt ~aCl solution) while they do so in pure water. This work of 
f {ulslw,mp is of bTl'eat interest, hecause the dissolution of the Icucocytes 
ha.d nlwayil. been explained on physical grounds, while it depends 
apparently on chemical grounds (Cohnheim),l This nueleo-histone 
gives (l strong MoEsch reaction, hut not those of Millon or of Adam
kiewicz. ]'hc descriptions and analyses of Bang differ but little from 
those of Huiskamp. It is possible that the nucleo-histone may have 
mixed with it a third substance containing a yet higher amount of 
phosphorus. 

(Ii> A 1IUr;[l'o-jm![cul lHrl'ill[l the }Jf'}'ceniuf/I?-cQrnposdion-

C 1)1'78 H 7'47 N 16'42 S 1'2 P 0'95 

It is neither precipitated hy CaClz nor hy other salts, and pa::;ses, 
therefore, int.o the thymus extract, made with 0'9 per cent salt-solu
tion. It may he a deriyative of the nucleus, and need not he derived, 
af\ Bang 1,elieYes, from the intermediate substance. Its precipitation 
limitH for ammonium sulphate are 3'0 and 4-'5 according to 1t1alen
greau. It gives th~ reactions of ::VIillon and Adamkiewicz strongly. 

Both the Jlucleo-histolle and the Dueleo-proteid form calcium !)alts 
containing 1-3 per cont of cakiuID i both are diasociated by hydro
chloric acid into :1 nuclein and a histone j the two hist.ones have the Same 
salting-out limits, as have the corresponding proteids. Both yield a 
nucleic acid containing adelJin und gmmin (Malengl'eau). Both are 
considered hy Hlliskamp Z and Pekclharing to be the precursors of 
the fibrin-ferment. 

The Dueleo-histone prepared according to Lilienfeld has been 
found by Gamgce and Jones 3 to' be dextl'O-l'otatory : 

an = + 37'5 

The thymus - nucleic acid is one of the best known, as it has 
been very thor9ugh1y investigated by Kossel. 4 Originally it was also 

1 8t't' abo Bang, Beitrage. 5. 317 (1904). 
2 W. Huio;kamp C. A. Pekelharing, Zeilschr.f. physiol. Chmn. 39. 22 (1903); 

w. HuL~kalllp, i6id. 32. 145 (1901). 
;) A. Gnmgee and W. Jones, H(/fmei$ter's Beitrage, 4. 10 (1903). 
~ A. KOI>llt'l, Arch. f. (Anat. ft.) Physiol. 1891, p. 181; 1893. p. 157; 1894, p. 

)~4; A. Kos,~!'.l anti A. Nt'umanll, Ber.d. d.eulsch. chelll-., Ges. 26. III. 2753 (1893); 27. 
II. 2215 (1894); ZeiUch1'. j. physivl. Oh~n. 22. 74 (1896); A. NelUnann, Arch. f. 
(Anal. 11.) Phy&ol, 1898, p. 174; 1899, p. 552; s.. Koot:rtschew, Zei4elw. f. physiol. 
Okem. 39. 545 (1903);:a:.' ~lenge.ibid. 39. 199 (1908). Compare also with the account 
given of the pyrimidiJl.."fQld purill.derivativ~s which Kossel and Steudel )Vere the first to 
prepare, and most1y out of the thymo-nucleinic Miu. 
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called adenylic acid, hut, it is possible t.o prepa,l'e from the thymus all 
the four purin and also all the three simple pyrimidill derivatives. 
Huiskamp 1 states that the fresh thymus contc.'l.ins about 1::! per cent of 
soluble albumin, of which there is contninC'd in 

N urI eo-histone 
_0,Tucleo-pl'oteid 

Other albumins 

Sit pel' cent. 
]9 

[2 

Bang 2 states that the thyrnu1-l nucleic acid contains two adenin
moleculcs for CRch guunin-molecule; that the nucleic acid cOl!tains 
only two molecule:;: of purin-uascs, and that therefote two distinct 
nucleic acids must exist in the thymus. One of these, thE" I normal 
acid,' contains 1 molecule of ad~nin + 1 molecule of gUftnin, and 
occurs in the true histone-llucleate, while the second acid, huilL up 
of 2 molecules of adenin, is the adenylic acid in combinntion with the 
para histone. 

Xativc nuclein::t.te 

1 
histone·nucleinate 

(two plIrts) 

:-/" -I 
1 adenin + 1 guanin 

/" -I 
parahistone-nucleinate 

(one part) 

_/" 
1 I 

I adenin + 1 adenin 

Kossel 3 obtained from 10 kilogrammes of thymus 120 grammes of 
nucleic acid. 

The action of dilute mineral acids on thc thymo-nucleic acid ha.s 
been studied by Levene 4, (see under' La:>vulinic Acid,' on p. 43l:l-). 

From the nuclei of pus~cells, i.e. from leucocytes, Miescher" pre
pared the first-known nuclein, and Bang 6 isolated nucleo-proteids 
from a number of lymphatic organs: lymph glands, bone marrow, 
spleen, white bJood~corpusc1es, and also from a s&reoma. 

Thymus Nucleic Acid 

Kutscher and Seemann,? by oxidising thymus nucleic acid with 
calcium permanganate, oht<:dned urea and imidp~urea., no uric acid 

1 H. Huillkllmp, Z".itackr. f. J;I.!Jsiol. {Jlum. 32. 145 (190n 
2 Ivar Bang, HojmRister's BeitrligG, 5. 317 (1904); see aho ibid. 4. 115,331,362 

(1904). 
:. A. Kossel and A. Neumann, Ber. d. rle:utsch. chem. 0(8.27. 11.2215 (1894). 
4- P. A. Le\'ene, Amer. Jour. oj Phy.<Ml. 12.213 (1904). 
5 F. Miescher, Hoppe-Seyler's Mell.·chem. Untersuchungen, p. 441 (1871). 
6 J. BAng, Hofmeister'8 B",itrii,gr, 4. 362 (1903). 
, Kutscher and Seemann, Bet'. d. deutedt. wm. Res. 86. 8023 (H1D4}. 
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hein;, for:med. In addition to urea and imido-urea Kutscher and 
Scb('nek 1 have ollta:ined • martamic acid,' having the formula 
C;,H"N(.or; 01' C)-J 10 N(,O", giving ncithn the murexide test nor 
\V cidel's reactioll, l)eillg readily soluhle in hot water and alcohol, 
very srightly soluble in ether, and resemhling oxalic aciJ. so closely 
in its llehaviollr as to nece8sitate the llSC of lime for t,he remoyal of 
the oxalic acid; oxalic and acetic acids; an unknown acid j adcnin j 

guanidin, derinu from gnanin; urea and a biuret-giving substance. 

3. XIlc[w-!'rofcids }1'(jf/l {III' lYucleafed l:ed Blood-Corpuscles r{ Bird8 

and Bfptile,~ 

The existence of a nuclein ill the nuclei of the red blood-cor
pnsclus of birds and sIlI)'kes ,vas nrst demonstrated Ily Pl(,sz,2 Later 
the alhumin-radical, 01' 'histone,' W(J,S isobted by Kosse},:: who acted 
on the uuclear suhstan('es wit,h dilute acids (see p, 408). Araki ,j 

stmEeu the dissociat.ion-products whieh are liberated hy ferment, 
act,ion. Ackermann,;' working uuder Kassel, has ealculateu. for the 
l1uclco-proteid of birds' lllood the pcrccntage-composition-

Nucleic acid 
HistolJe 

42'10 

According to Bang ti the histone-nucleate of goose's blood con· 
i'iists only of histone, and [Judei(' acid as parahistone (see p. 415) 
is absent, 

4, The Xucleo-Pl'oteid of the Pancreas 

Hammarsten'l extracted from the pancreas of the ox an 'u-nucleo
proteid,' ,,",hich subsequently was investigated more thoroughly by 
"Gmber." This nUeleo-proteid is prepared by extracting minced 
p;-mcreas with ice-cold sodium chloride solution to prevent tryptic 
digestion, and then precipitating the proteid with acetic acid. One 
kilogram me pancreas yields 17 grammes of proteid. Analysis gives 
these percentage figure~ :-

C 51'35 H 6'81 N 17'82 P 1'67 S 1'29 Fe 0'13 

1 Fr. Kutscller and M. Schenck, Zeitschr. f. physilJl. Chem. 44, 309 (190;-)). 
~ P. Pla:>z, Ho]!pe-&yler'.~ :Jled.-chem. C71tersucl~ungen, p. 461 (1871). 
:; A, Kos8eJ, Zeitscllr./. physiol. ClUI1l, 8. 611 (1884). 
~ '1', Araki, ibid. 88. 84 (1903). ~ D. Ackermann, ibid. 43. 299 (1904), 
~ hal" Ballg, H~'R IJeitmge, 5,317 (1904). 
7 0, HnUUIIa.Men j Zeitschr.f. ph.1Jsiol. c'iU:In. 19. 19 (1893). 
8 F. Umber, Zri.Ueh-r.j. Jdin. Ned. 40. lIefte 5 and 6 (1900). 

~- . 
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It gives the reactions of Millon, Adamkimvicz, and Yo~el (the tyr(Jsin. 
tryptophane, and sulphur rea.ctions]. rmber 1 has also illvest,igatcd 
the dissociation of this lluclt'o-proteid by nlmms of pep8in and trypsin. 
\Yhen bolled with 'vater it forms n, nnclein havillg this percentage
composition :~ 

C 43·62 R 5·45 ~ 17·39 P HS S 0·728 0 28-:3:1 

Thi~ componnd Hammarsten hall previously described under the 
name of • ,e-nucleo-proteid.' 

According to Gamgec and Jones 2 the polarisation of the nuclein 
hodies of the pancreas is-

a-nucleo-protc;d 
~udejn 

afj =:. + ;r;",') 
all"'" -I- 64--4-

The pancreas contains all the four pnrin-ba!:'lcs,3 hut Bang ~ pre
pared from. Hammal'stell\, pancreas-Hudeo-proteid a nucleiC' acid 
contajnlng only guanin C.,H5S[iO, and ealJeJ h, then'fore, gnanylit 
acid, ~ T(J this I;I.cid he gnve thd following structuml formula 

OH OH 
'--../ 

C,H,N,-O-P-O-Cll,(OH)C,.H"O, 
(guanin) I 19!ycenTlt'-pel)tose radical) 

o 
I 

C,H,N5-0-P-O-C3H5(OH)C)I,,o, 
/'--.. 

o 0 
'--../ 

C;.H,N5-0-f-O-C3H510H)C,H,,o,, 

o 
I 

C,R,N, O/~OH 

OR OR 
i1~guanylic acid. 

Quite recently, owing to ha.ving used a ; instead of 2 per cent 
N aOH for isolating the gua.nylic acid, Bang and Raaschou 6 obtained a 

1 F, Umoor, &O:tsdlr./. !din. Md. 43. Hefte 3 and 4 (19(11). 
2 A. Gamgf'e and W, JOlle.,', Hofmeister's JJeitrii{Je, 4, 10 (1903). 
3 Y. lIlDko, &ii8ehl', f. physiol. Ohem. IS. 541 (l893). 
~ .T, Bang, iaid. 26, 133 (1898); 31.4,11 ,HIOO); 32, 201 (1901). 
5 haT Bang, ibid. 26. 133 (1898); and 31. 4,11 (1901); 'Mindre Middelehf'T om 

Guallyhyren,' Arch. f. ~Vathem. og 1.\~atuiVidenskab. 24-
Ij har Bang and C. A. Ra.l,!.Scboll, Hofmeister's Beitl'age, 4. 175 (1904). 
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t,'1lanylic acid which differs from the onc above in containing one 
additional glycerlne-pentose radjca] :-

OH OH 
"-/ 

C)1,"'"-O-P--O--C3H_,(OH)C"n,o,, 
I 
° I 

C"l-I4N,-0-P-O-C3Il,(OH)C,H"O, 
/"-

o 0 
',,/ 

C"H,N"-O-l'-O-C"H,(OH)C,,H,O, 
I 
o 
I 

C"H 4N,,-O-P-O C,Hc,(OH)C,li"O" 
/" 

OH OH 

a-guanylic acid. 

This new acid, being the higher compound, Rang caUs -the 
a-guanylic' acid, while the 811bsta.nce he obtained previonsly he now 
('aIls the f3-guanylic acid. Dr splitting off further glycerine-pentase 
radicals, y. 0, and f-guanyEc acid will he formed. 

The a-guanylic acid contains ~9'46 per cellt guanin and. 34-'07 
per cellt pentase. 'Vhen it is boiled 'with alkalies it becomes con
verted into f3-guanylic acid. 

Guanidin has been observed by Kutscher and Otori 1 amongst the 
products of auto-digested pancreas, and as guanidin is also found 
amongst the hydrolytic products of pMudo-mucin COtori) the authors 
incline to the view that guanidin is derived from arginin and not from 
nucleic acids. 

Levene's 2 statement that uracil is found in auto-digested pancreas 
has not been confirmed by Kutscher and Lohmann. 3 

The pentose occurring in the nucH.lo-proteid is, according to 
N euberg,' I-xylose, 

I Fr. Kutscher and Otori, Zentralbl. f. Physid. 18. 248 (1904). 
"Levene, Zeiu;chr.f. phy$Wl. Chem. 37.,527 (1903). 
:I Kutscher and Lohmann, ibid. 44. 385 (1905). 
4 C. Neuberg, Ber. d. d~utsth. tMm, GIJS. 35. 11. 1467 (1902}. 
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5. l'llc .lfucleo-Proteid of t/u' Gastric JUiCf 

Pekelharing,l 8chumow-Simonowsky,~ and Nencki and l::'ie;lcr:1 

found 11 nucleo-proteid not only in extracts of the glll3tl'ic mucous 
memhrane, but also in pure gastric juice prepared by 1'awlow'8 
method, Analysis gave these figures ;-

H 

Pelc,'ut. I !'Hceut 

I 51'26 6'74 

P('r<:l'ut. i Pereent. 

H'H ' 1 -6:; 

I 
14'33 I J'[J 

1''''"'''''1 
: 0-16 i ~cllcki alld 
I " 

The preparations were, however, not quite pure. The proteid if3 
soluble in water and in strong hydruchloric acid, but insoluhle in very 
dilute hydrochloric acid. It is therefore precipitat.ed JJy dialysing 
gastric juice, and may be readily obtained pure by this means Or hy 
salting out with ammonium sulpb;-1te. \Vhen heated it breaks up into 
a nuclein and a. suhstance resemhling albumose. On standing it 
clecomposes, there being formed peptones. Pckelharing and Nencki 
and Sieber believe this nucleo-proteid to be pepsin, but GEissner's 4 

work throws some doubt. on this interpretation. Amongst its dissocia
tion-products Pekelhal'ing found xanthin and a pentose. The proteid 
gives the ordinary albumin-tests. 

6. The _:YucleO-P1'Oieid of the l'h,'I!roid 

Oswald;; prepared it from the thyroid of the sheep. It contains 
0'16 per cent phosphorus. Its coagulation-temperature is 73c

. It is 
insoluble in water, but soluble in salt-solutions and in alkalies. The 
precipitation-limits for ammonium sulphate 1!Te 6'4 and 8'2. It is 
precipitated by acids. 'Vhen acted upon by pepsin and hydrochloric 
acid it splits off a nuclein. On being dissociated it gives rise to 
xanthin-oases and a carbohydrate which is not a. pentose. It does 
not contain iodine, and has nothing to do with the specific action of 
the thyroid gland. 

1 C. A. Pekelha."ing, ZeitscAr.j: physiol. Ohern. 22. :l33 (1896); 38. 8 (1902). 
:J O. O. Schumow-Simonowsky, Ar<.:k/. ul't'riment. Puf}wL Itnd PJUl'J'J)Jak 33. 336 

(1896). 
3 ~I. 1'.~eucki and N. Sieber, Zeitsckr.f, pJWfid. CIMm> 32. 291 (1901). 
.. K. Gliissnel', Hr:fmeiste,'s Beitriigt~ 1. 1 (1901). 
, A. O!lwald, Zti;(,$cA,r.f. pkysWl. eMIll. 27. 14 (1899). 
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I. l'llf' .:Vudf'(J-Proteid (~f the Suprarenal CapsulcE: 

.Jones and 'Yhipple 1 prqmnxl and analysed it. It resembles the 
nnclco-protcid of the p,tIlcrea::;. Gamgee and .1 ones ~ determined 

ap""- + 4-8'1. 

.\ntongst lt~ dissociation-product" are guanill ano. adcnin. 

S. l'lle .._Ylldc{i-Proteid of IlII' Lir('/' 

Thi):; compound has been iuvestigatetl hy 'Yohlgemuth_:> Fresh 
minced ox-liver Wfl.S repeatedly boiled out with llrater; the combined 
extracts tl'eated with acetic ~tcid to precipitate the proteids _: the 
pn.\ciI,it,ate kept undpr aleolwl, which was frequently changed and 
cxtradf~,l with ether to remove the fat: dissolnd in dilnte sodium 
('al'1wllat,c and reprecipicated 'with dilute acetic acid. On redisso]yiJlg 
aud reprecipltatillg, the phospborlls-cont,ent was fO\1JJd to he 3·0;) 
}ll"'l" (:ent. The precipitate was preserved for some week", under 
aJeoLol and ether, and finally dried I\t 60°. Froln 50 kilogrammeOi lint' 
,Yere obtained 140 grammes of nudeo-proteid. Analysis gave the 
following pen.'cnt:tge-c{)mposition :-

H ,")'72 S 0·6:>7 P 3·06. 

'Vnh!gcmnth cakulat,es that 100 grammes of liver-lludeic acid 
eontain-

Xanthin 
{~nanin 

Adenin 
Hypoxanthill 

2·23::!(j gmmmes. 
j'fi40:? 

1'£10;:;1 
1-7875 

These figures, compared with those giyen hy Steudel (see p. 441) for 
the xanthin-bases of thymus-llucleic acid, show tlw.t the }jver conudns 
more gua,nin ILnli xanthin, but less adenin, while the bypoxanthin is 
present in abou~ eqnD.l amounts in the thymus and in the liver. 

From U5 grammes of nncleo-proteid \r ohlgemuth obtaJJled, accord
ing to his last paper, 0·723 g. histidin (1), 1'08 g. lysin, and 3'38 g. 
arginin. Other substances obtained were xanthin, hypoxanthin, guanin, 
adenin, tyrosin, leucin, glycocoll, ala.nin, phenylalanin, a-prolin, 
glutamic-, aspartic-, oxyamino-, oxydiamino-, sebacic acids, and l-xylose. 

1 W. JOllf'~ UD(l O. H. Whipple, Amer .• 'Durn.!lf Ph.llsWl. 7. -±23 (1902). 
~ A. Ga.mgee,and W. Jo~es, lll)fntewter's Beitragc, 4.10 (1i,;l03). 
:\ ,T. \voh1gemnth. ~"'.j.physiul. Chell!". 37.475 (1903); 42. ;)19 (1904): and 
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9. A"-ucleo-P/'vtf'ids (:1' J[Il.~cl( (wil (:l vtlwr (l(:laIL~ 

Pekelharing 1 and Kossel:! found in :tdult mm;cle (Jllly trace,; of 
llucleo-protei(l, , .... liile in emhryollic muscle it is much mon' fllJUnd:mt.:2 
It st.ands perhap,,; in some relation to SiegfrieJ'" sarcti<: or carnie acid 
(see p. 203). The inosinic acid of Haiser,3 mentioned 011 p. 412, is a 
nucleic acid cont~Lined in musclc-extmcts. As nuclco-proteids arc 
present in all nuclei, they are found, of comse, in all the organs of 
the body. Dissociation·products of nucleic acid:-; have already he('1) 
mentioned on p. 4-40. ACl(l-albumius conta.ining phosphol'llS and 
usua.lly also iron have ueen found, amongst others, hy Plc)sz.4 Zaleski. 
and Sehmiedeherg [, feuatin 'J (; in the liver) l)y Halliburton ~ anu hi~ 
pupils in many organs, hy Hammarsten S in the linr of the snail 
lleliJ' {IIl(fwtia, hy Sosncnn,ki~) in ItIDWke, hy l'etrr)(O in eeHul:tr 
tumours j and hy P(;!kelharillg 11 in the blood. Pekelharing believes 
that t,1118 nucleo-proteid plays a }-lart in hlood-coagulation. ,,"-hethcl' 
all the substances just mentioned are l'eally llUcleo-jlroteids is hy till 

merLllS quite eel'tain, for they may Ill' tlucieo~alhumins of tilE' cell-plasm 
«('ompare p. 406). 

10. TIle Xllcleo-]'((Jteids (If Plllllfs 

red,)!. ~OJje of the earliest. discovereu Hnd best JmowJJ Iwe]eic 
:wids i..,; that of t.he .reast,. first. isolawd hy E:()s;-;e].1~ lts compnsit,jou
and dissoeiatioll-protlu[,Ls are gi'Ten un pp, +40, 44-~. ]\'o,':\se] abo 
prepared a nuclein. In a,ddition to it there occurs in yeast the 
plasminic acid (sec p. 4.17). 

1 C. A. 

7. 31\J 118b6); 'Fihrill· 
ferment,' iMd. 9. 22-1 . Stl'fJ1uuta of tIl« Hf::d 
Corpuscles,' wit/.lO. £032 Halliburton, ':NerYOlL~'I'j.'J5ue,,>,' Ibul. 15. flO (J};!l4), 
Fr. GOllTlay, "l'hyroid . il'id.16. 23 (lS'il4); ,J. R. Forr.;st, 'lttd IIlnrrow,' 
ibid. 17, 174 (Hlf14_); W. Hallilmrtou aud Gr(!gor Brodif::,' NlIcl\lo·allmmiDl; aml 
Iutrava..'!cular Coagulation,' ibid. 17. J:35 (1894); 'V. D. Halhburtoll, 'Nucleo·prutpi,j~,' 
iUd. 18. 304 (l89.'i). 

ti O. Hammarsten, 1~/lii!Je/8 Ankh', 36. 3i3 (1885). 
!I .1. Sosllowski, 'Chern. liet Zelle.' Zeniralbl./. Physiol. 13. ~ti7 (1899). 
10 E. Petry, ZeitBcltr./.physlOl. Chern. 27. 398 (1899). 
n C, A. Pekelhru-ing, Zcn(mlU . .f. Ph.'lsiol. 1895, p.102. 
i2 A. Kossel. Zeiischr./. physwl. Ghem. 3. 28! (18itl); 4.290 (188(1); 7.7 (1882). 

See also nuder the disllociation-products. 
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Bacll'l·ia.-In bacteria Galeotti 1 found. a nudeo-proteid, and, 
according to Stutzer,f1 40'7':; per cent of the nitrogen in moulds is 
lludeh,-nitrogen. 

lli{!llel' Pllflris.-Osborne (ind Huccis:3 prepared a rwdeic acid 
from wheat-embryos, which they called tritieo-nucleic acid, and which 
they inrcstigated very thoroughly. Its composition- and decomposi
tion-products are given on p. 440. It is strongly dextra-rotatory, the 
rotation vuryillg acconlillg to its concentration from +- 66 to + 7.1-:1 

Petit I) isobted from harley an iron-containing nuclein, which 
tained no suJp]1I0', amI which did not give .1\Iillon's reaction. 

Klinkenherg jj obt:.tiued froID different food-stuffs, poppy-seed- and 
paim-cakes, Iluclco-pfl1teids and nucleins ",·hic:h in their composition 
resemhle those of yeast. 

Ordinary parts of plants rich in cells al'e also rich in nucleic 
acid. Kovchoff 7 found an increase ill the amouut uf nudeo-proteids 
whenever plauts formed new tissue as the result of injnry. 

il,iJ. 36. 85 (1?02): abo ill J(J1l'tll. _{hl·"T. 

9.69 (TfJOj). 

. [TABU: 



Halmoglobin Derivatives 

Bremoglobin 
C75SH 1'.lo:lN 11l!",°:21SFeSS 

.~ 
/ +oxygen: 

/. Oxyruemoglobin 
+ acids or alkalies I 

~\ + acids tr alkalies: 
I, /~ 

)/ 
Globin 

\(See p. 417) 
Ha!~tin 

C3,lH:~~:I~Ft05 

I _\, on redku,·tl.on .,'';' . Dibasic hrematinic acid 
'r ~ " on oXlIllltlOll / CsHsO" 

Globin Hremochromogen ~ Tribasic hmmatinic acid 
(See p. 417) C(;4H;~F,,~XIIJOj" I anhydride 

~ 

{ 
minllsC02 : ! 

Dibasic luematinic acid anhydride: 
+aciuf', : ethylmethyl.maleic acid I 

/r" 
)C 

Iron 

.v 
on reduction: 

Phyllopol']lhyrin, 
a derivative of 

chlorophyll. 

anhydride : C,USOg 

l' 
OIl reduction: 

on re1uction : 
HcemotricarboXYlic acid 

CSH 12°{i 
(See p. 513) I 

I 

~ Mesopol']lhyrin 
CitH llS04N4-

= ha:matoidill 
= bilirubin 

on oxiJution : 

I 
t 

on reduction: 
Hmmopyrrol 

Succinic acid. 

= methylpropylpyrrol 
CSH1SN. 

2 H 
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Hoomoglobin 

The terms (Hremoglobulin' 01' bremoglohin were first used by 
Hoppe-Seyler 1 for thl' red colouring matter which occurs in the 
red llloou-corpuscles of ycrtebrates, and, in a free st,ate, in the 
b100u of many in\"crteurates. It is also found in the muscles of Yel'

tehmtes (Kuhne:!) lInd invertebrates (Ha," l ... ,mkester ~,), the amount 
yarying with individual muscles. the age of the animal, and the 
capacity required for storing oxygen. The muscles of the seal, 
porpoise, and dolphin <Ll'e of a special1~~ deep-reo colour (the author). 
HUlWfdd 4 and l:ollet [, prepared from the earthworm Lumbricus and 
from the lnsect. ChiI'OJlo»luS crystals resembling t,bose obta.ined from 
mammalian blood, and Hit,}' Lankester ti and Nawro('ki" showed, 
independently from one another, that these crystals wt're composed of 
h't'Illoglol;ill. The distribution throughont the animal kingdom has 
heen thoroughly investigated hy lb,v Lankest-et': in addition to the 
typiCil] circnJatory system of vert.ehrates, hn_·mog]ohin occurs jrJ the 
perivisceral fluid of ccrt.:'tlIl worms (G-lyccra, Capitilla, Phoronis); in 
the bmellihranehs Solen and Area, and in the leeches Xephelis awl 
Hirudo; in the Turbellaria,n Poli({ sallgl1irubra; in the dipterous 
inscct Chil'onomns, and in the commOll fly Jlusr.a dmnl;.~til'{( (MacMulln ll). 

In some animals, sneh as AphroJitn ((cull'ata the hremoglohin is 
specially ahnndant in the nervous ganglionic chain (Ray Lankestcl') 
aIld Hubrpcht \1 has shown that in some of the Nemertian worms the 
ha.·moglobin is restricted to the cerehral ganglia, heing found in no 
other tissue. 

In some animals Mac:\lunn has observed a dissociation-product of 

hremoglohin, namely, hmmatoporJlhyrin. 
The analogous hrcmocyanin, a proteid in which the iron of hremo

globin is replaced by copper, and which also subserves respiratory 
purposes, is met with amongst the cephalopods and the crayfish. 
A list of animals containing bremocyauiu has been published by 
Hallibul'ton.10 Ha;IDocyanin is discussed on p. 529. 

1 Hnppe-St'ylel', rirclt(l-!c'", _I tchir, 29. ~23 (1864). 

Londo-n. 21. 70, 1872. 
('hem, 16. 152 (1839). 

to Hollet, .._~'itzb. d. R. d. Wiss. Wie,l. 44. (H5 (1861). 
tl Ray Lankestel, .1O'lIl'1l. of Anal. and Phy:ri.ol. 1867, p. 114. 
'i KawI'otki, Centrqlbl. f. d. mcd. WiS8. 1867, p. 196, 
8 1t!ad'lU!U!, Prt'C. Binlli7lgham Phil. &c. 3. ];30. 
D, Hllbreeht, ... Yidlcrl. Art'h~ f. Zool. 18i6; abstracted ill Jahnsl,. u. Ii. FtJTtschritte 

d. Tierclu:mie, 6. 92-
11) W. D. Hallihurton, Jour'll. oj Physiol. 6.300 (1885) . 

... 
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The red blood~corpuscles of mammal:;. (H'e (:olllposed for the 1-!:fl'atcr 

part of hxmoglohin, for lIoppe-Scyler1 foul\d that. dried red \11000.
corpm,cles contain ill man 94'3, in the dog 8.6-1), in the hedgeho~ 

92'25, in t,hc goose 62'G5, and ill the gr;v"s-sn:~ke 4(; TO per cent of 
hremog:lobin. ~lore recently Ahdcl'haicleJl 2 h:l.s studied the perccnt •• gc 
composition of different species of blood, The rcmalnrler is com
posed of the fmmework, an eJIyclope, and in hOll-mammals :thn of the 
nuclei. 

Peskind 3 and R. du J~ois Rcymond 4 have studied the conditions 
under which hlood becomes laked. Peskind belicycs that ethel', ( . .0., 

acts on the cholesterin-Iwd lecithin-enyelope~ of the red hlood-corpuscles 
in some such way 1\8 to permit of the (lifiilSion outwards of the blood
pit-went, even before the cholesterin and lecithin have heen extracted 
from the envelopes by the ether. 

For the estimation of hmmoglol)in in the, hlood a Humber of colori
metric methods have becH devised by Gowers, Hoppe-Deyler/' Giacosa/' 
Fleischl,7 Zangemeister,8 Gartner,\) Micscher altO. Yeillon,lll Oliver and 
H~Lldane.11 Haldane's modification of the instrument of Gawel's f!ives 
the most accurate results. In this apparatus the standard coloured 
liquid is a 1 per cent solution of hlood of 1 S·;) per cent oxygen
capacity, saturated with CO and sealed IIp in a glass tube. The 
solution is then unalterahle. The blood to be examined is saturated 
,"'ith CO and diluted in a graduated tube till the tint of the standard 
solution is reached. The results are reli:thle to witldn 1 per cent. 
See p. 499. 

O. and R. Adler l~ have deviseu a special method for the recogni
tion of blood, 'which is based on the oxidising power of the h:.cmoglobin, 
for the leucohase of malachite-green and alcoholic henzidin solutioIls 

1 F. Hoppe-Seyler, Jfed.-cb.f:iJ/. Un(l:fs. 3!.ll (1868;.' 
~ E. AbtlerhaJtlell, Zeifsckr. 25. 6[, (lS9F)_ 
3 S. Peskinu, Amer. JDurl[. 12. 184 (1904) . 
.; n. un Bois Reymoud, 19. 65 (1~05). 
5 F. HOllpe-S"yler. Zritscbr. f. 16. 504 (18~2); G. H(Jppe-Scylel, 

if,id. 21. 461 (18%); H. 21. 468 (1896). 
G P. Giacosa, -,Val.'!'s JaJn'eI</PrhhtjiiT TiRrchemie, 26. 140 (1896). 
"i E. v. Fleischl, .. lied. Jahrbii.cher 18S;;,.p. 425. 
s \'1. Zangemeii'lter, Zeitschr. f. 33. 72(896). 
~ G. Gartnel', _,YiJnchener 1/1d. 1901, No, 50. 
10 Miescher and '-eillon, Ardlil' f. expcd/lktlt. Pat/wI. N. Pli.arm. 

39. 385 (1897); Wolf. Zeitsdlr.f. Cfwn. 26. 452 (1399); R. MagllU!!, 
Schmiedeberg's A.rchil'J experiment. J'harm.44. 68 {1900); Frallz "hiller, 
Archiv f. (Anal. It.) Phy~il)l. 1901, p. 443. Compare al~o ,l. Haldane, J(rum. rl 
pitysiol:'[}y, 26. 497 (1901). 

11 J. Haldane, Jount. (1f P11!fsiol. 26. 497 (1900-1901). 
12 O. alJd R. Adler. Zeitschr, f. physwl. Chcm. 41. 59 (1904). 
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are converted into coloured compounds by the hremoglohin. This 
test in the absence of other indirectly Dxidising media is better than 
is the guaicum test. 

For blood pigment Riegler 1 has devised the following hydrazin
reagent :-

Dissohe KaOH 10 gramme!) 
In ' .... ater. 100 ce. 
Add hydl'H.zin-sulphatc 5 grammes 
Alcohol a6-0j pel' COllt 100 ce. 

Shake vigorously and filter after :t hours. 

0'05 grs. commercial hremoglo1in or ~ ce. of blood + 30 ce. of 
reagent when shaken and allowed to stand shows the heautiful purple 
colour of hremochromogen. "Then shaken ·with air the solution turns 
gref'll owing to the formation of brematin; 011 standing a reconversion 
into hll'IDOchromogcn takes place. 

Hremoglobin is composed of a hiRt.one-like, basic, albuminous radical 
C<"111cdglohin, and a non-albuminous, acid moiety, containing iron, which 
is termed hrematin. See chart on p. 465. H:.l'IDoglobin i:s character
ised by combining with oxygen~ c;trhon dioxide, carbon monoxide, and 
perhaps with other g<tses, to form the loose, chemical compounds of 
oxyhremoglobin, carbonic acid hremoglobin, carbonic oxide hremoglobin, 
etc. Amongst these the most important is oxyhremoglobin, as respira
tion depends on it. According to Cohnheim oxyhremoglobin is called 
in Germany simply (hremoglobin,' whlIe in this country the reduced 
hlPmoglobin is called hremoglobin. )lost of the chemical investigations 
and most of the analyses have been made with oxyhremoglobin, as this 
compound crystallises more readily than does reduced hremoglobin, and 
as the latter hy absorption of oxygen is constantly changed into the 
former. Owing to the gigantic size of the hremoglohin molecule, no 
difference ill the analyses of oxy- a.nd reduced hremoglobin can be 
made out. The double method of estimating the molecular weight of 
hremoglobin has already been discussed on p. 328. Jaquet's!:! calcula~ 
tions based on the figures yielded by analy'sis have led to the same 
conclusion a.s have those of Hufner,s who eatimated the power hremo
globin possesses of binding gases: the molecular weight of hremoglobin 

is 16669. 
1 E. Riegler, Zeitsdlr./. analyt. Chern. 43. 5S9 (l904}. 
2 A.. J~net, Zeitschr. f. physiol. Clum. 14. 289 (1889). 
3 G. HW'uer, Arck.J: (.1nat. until PItYSliJl. 1894, 1-'. 130. 
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Horse. ,54'S7 6-fli li'~l ! HO]lI,e·S,-'ykrl 
54',,10 7':W li'61 Hutllor~ 
54-i6 j-03 17'28 I Otto:! 

'fil'l:';' 6'76 17-94; ZiUllOfsky 41 
54'81 j'01 17'06 I X("ncki~' 

D~g 
54'56 i'lf' 17'33 ~Chlllzfi 
53'85 7'32 16'li! I Hoppe.S,'ylt't' 

I' ;::':~: 
j-2:2 16';~B ; ~~{~~~;dell » hg' ]6'43 I 

(niet-R 
16'23. Otto J!! 

1 53 '911 10-19 ; 0'15 OttoJ() 
Cow. 0';136 Hllfller ll and. 1aquet 
Guinea.-pig. 15.i:i2 736 16-78' 0'48 Hoppe-Spyler 7 I 
Squirrel '54'09 7-39 16'09 ; 0', 
Goose, '54-2(1 7'10 16'21 i 0'4-3 

C()~'k 5~'4i ' 7'19 16'45 0-8586 

The analyses in this table all refer to oxyhremoglohiIl, with the 
exception of the dne by Otto, which represellts methremoglobiIl, but 
the latter po!;sesses the same composition as does oxyhfemnglohin. The 
analyses show that hremoglobin is distinguished among alhumins by 
its high C~ and N~percentage, and this explains its gl'cat hellt value, 
fo1' the latter, according to Htohmann and Langhein,13 amounts to 
5885'1 cal. The dissociation-prodncts of globin have already hf~ell 

given on p. iO; the hrematin amounts, according to Schulz Hand 
Lawrow,l:i to between 4·4'5 per cent. See below, p. 50tl. 

The sulphur is partly ill the form of cystin in the globin, while the 
iron, is contained in the h1~matin. 

'Yhether there are different kinds of h~m()gl(Jbin Cohnheim believes 
to be still undecided, but Gamgee 10; has pointed out that although 

1 F. H()ppe~Seyler, Zeitschr.f. physiol. Chem. 1. 121 (1877). 
~ G. l:Hifner and Bucllelcr, ibid. 8. 358 {1884}. 
3 J, C. d. Physiol. 31. 240 (1883). 
~ O. 10.16 (l8SS). 

N. Schulz, ('1,1'1 <. 24. 44~ (189B). 
7 F. Hoppe-Seyler, p. 366 (1868). 
~ A. Ja.q_uet, Zeitschr. f. physio/. ('hem. 12.213;; (1888). 
9 C. v. NooTdel1, i'bid, 4. 9 (1879). 
10 J. C. Otto, ~·bid. 7. 57 (1882). 
11 G. Biifner, Arch.]: (Anal. u.) PhYJiril. 1894, p. 130. 
1 .. R. Gscheiulen, PfiWjer's Archivf. d. ges. PkY1Jiol. 16.421 (1878/ . 

20. 332 

• 13 F. StohmaI1J1 and H. Langbein, Journ. /- prold. Che/n. [2] 44. 336 (lSlll). 
U F. N. Schulz, Zei(f!cli,r.f.physiol. Chelll. 24. 449 (1898}, 
15 D. Lawrow, ibid. 26. 343 (18S'18). 
16 A.. Gamgee\ Schiifer'8 Texf.!>ook of Physiol. 1. 201 (1898). 

i 
! 
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"there is in tho h:emoglohin of all allimals (l.hsolute identity of the 
essential iron-containing nucleus, i.e. of that moiety of the molecule on 
whi-:h its colour alld its physiological function depend, that at the same 
time there if; sneh :t diftetellt;e ill the ratio of S: Fe in the htemoglobin 
of ccrtnill .'tl!irwds as I'enders it highl;r pl'Obable, or ra.ther certain, that 
jJ! t.ho hmmoglohin of difft'rent animal gronp.:; the :llbuminouE moiety of 
th(' complex molecnlc Jitl'ers. f5uch being tht' case, it is not surprising 
tlmt certain of the physical chamctcr;,; of htemoglohiJI, such as crystal
Iille form and ::;olubilit,v, should exhibit variations," and" that hremo
glohins varying ill certain physical properties may he formed b;v the 
linkillg of thc iron-colltftlning molecule to various polymeric combina
tions of the same alhumillou" molecule.;' See also p. 474. 

(~amgec's ,-iew seems to the author to be also supported hy the fact 
that tlH' amount of w:tter of crystallisation differs for difierent animals, 
nmOllllt.lng to the fuJlowlng perc€'Jltagcs :-dog, 3'4. (IIoppe-ReyleI'); 
horse, 3·04. (Hilfncl'); pig, [l'!! (Otto); gniuea.pi~, 6 (Hoppe-Seyler) : 
and sqnirrel, \) (I-loppc·~cyler).l III further support may he mentioned 
the recent work of Ham and Baica,n (see p. 507), ·who haye shown that the 
glohin radici~l of h::emoglolllu may l!e replaecu hy some cOll~tituent of 
egg-white, At pecsent we haye no right to suppose that the hrematin 
raJicld in one alld the same animal is ,dways linked to exactly the 
Si\me n,]huminous moiet,\', for there is no (l priori rea:'lon af,raiust the 
"jew lwld j,y Mac:'Iunn that myoh::ematin differs from hlood-hremoglobin. 

To put it shortly: the hrematin of all animals is alike, 1-yhile the 
alhuminous clement is not. 

Hoppe-Seyler 2 in 1889 brought forw'ard the view that in living 
blood special compounds, • phlebin' and • arterin,' are preseut, and 
that out of them reduced- and oxyhromoglohin are formed secondarily. 
Kobert 3 has subsequently defended this view, and Bohr4 distinguishes 
also between several modifications of oxyhoomoglobin (see p. 494). 

How difficult it is to purify hremoglobin has already been pointed 
out, as, according to Abderhalden, hremoglobin which was crystallised 
only once still co'ntalned up to 15 per cent of extraneous aHmmins 
and the hremoglobin of animals possessing nucleated red blood
corpuscles (birds, reptiles, etc,) contains, e~en after repeated recr:r
rsta.llisation, phosphorus deI"ived from the nucleic acid of the compounds 
of the nucleus. 

1 Gamgw's Table on p. 205 of &h.iifer's Tr:.d(x;ok of Pllysioio,'lY. yol. i. (1898). 
, F. Hoppe-SE>yler, Zeitseht-,f. physio/. Chell!, 13. 477 (1889). 
3 S. U. Kobert, ZtiJ,aeM.~/. ang~'Uxmdte MihrJ)skopie, V. 6 to 10 (1900); R. Koben, 

Deti(,sih~ ATZteze'i(1n1g. 1900, Heft 18. . 
4 Bohr, ZentTfJlbl. f. PhysWl. 4. 242, .254 (1890). 

,"_ . 
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Hremoglobins differ greatly from one another a.s regards their 
sOlubilities. Preyer 1 states that the bremoglo1ill of the ox becomes 
fluid on being exposf>o. to the air, while the htl'moglohin of tbe squirrel 
is only soluble in 597 parts of water, :\nd that of the l'll,Yell is }la.rdly 
soluble at an in cnltl water. The Solllhilit,ies are greatly inereaserl l)y 

'warming the solutions: dog's ha~moglohjn at 5~ is only solub](' to the 
extent. of:? parts in 100 of water; while at 18) 12 to l;~ parts are 
dissoh'ed. Reduced IWllwglobin j., always more soluLle than is oxy
hremoglobin. Ha::moglobin rr.'lemblcf> alhumin!';, as far as salting ont is 
concerned, i.c. it is not salted out by sodium chloride or magfl€sinm 
sulphate from neutral solutions, but is sfLlted out l)y a saturated 
magnesium sulphate + sodium sulphate soluti(Jll. Schulz i giyes the 
preeipitation~limits for ammonium sulphate [l.8 lying between u'5 alHl 
nearly completely saturated solutions. 

Oxyhremoglol,in is all arlO. according to Kiihne 3 anel ]'rcyer,~ 

and methremoglohin is also an equally strong if not stl'ollger acid 
according to Hoppe-Seyler, !\Ienzies,5 and Jiiderholm. (; Hremoglohill 
is not acid. A precipitation by means of aeiu is not possible, as 
hremoglobin is decomposed by extremely small amounts of acid. 

The coagulation-temperature of hremoglobin is 64-V according to 
Preyer; 7 but hremoglobin becomes gradually decomposed if it be 
kept for some time at 54/. \Yheu quite dry, hmmoglobin may he 
heated for a long time without becoming denaturaHsed., but QXy

hremoglobin is very apt to become converted into methremoglobir.l. 
Alcohol dcnaturalisBs pure hremoglobin only slowly, which, again, may 
be due to all salts having been removed hy repeated recrystallisation, 
Hmmoglobin crystals pass into pseudomorphoses when they are 
treated with a.lcohol (Preyer \' and Nencki S); see below. Even before 
alcohol has completely denaturalised h<.emoglobin it alters the dissocia
tion of oxyhremoglobiu, rendering it more like methremoglobinY It is 
therefore important not to use alcohol in preparing crystals.10 

Hremoglobin, being composed of an albuminous radica.l and a non
albuminous iron-containing nucleus, it is very interesting to note how 

I W. Preyer, Die Btnt.kristalje, .fena, 1871, p. 54.. 
:t F. N. Schulz. Zeitscitr . .(. pA!/siot. (Jlreln. 24. 449 (1898/. 
3 W. Kuhne, Vircko]l)'s Archil', 34. 423 (1865). 
oj. W. Preyer, ZtJltralb.f. (l. med. Wwxensch. 1867, 1"0.18. 
f> J. A. Menzies, Jerurn. of Physiol. 17.402 (1895). 
6 AXfll JiiAlerholm, Zeiuchr.j. Biol. 20. 419 (1884). 
7 W. Preyer, Pflii.ger's Archiv. 1. 395 (l8GS). 
II M. Nencki, SchmWieherg's ArcMrf. uperim. Pathol. und Pharl"it. 20. 332 (1885). 
II A. LOwy, Zen(ralbl.f. PAysiol. 13.44.9 (1899); G. Rrdner. AreA./. (Anal. uno') 

Pkysiol. 1901, SllPPI. p. 187. 
1(10. Htif'nel', Arch./. (Anal. U1ul) PAl/SM. 19m, Supp]. p. 187. 
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these two fractions so act upon one another as to prevent either giving 
the reactions which it otherwise would. Kuhne showed in 1866 that 
the albumin reactions are only obtained when the hmmoglobin has 
been decomposed and it~ iron-containing fraction, the hrematln, bas 
heen set free; while, for example, cupric and ferrous sulphates, mer
curic chloride, silver nitrate, neutral and basic lead acetates precipitate 
ordinary albumin, t.hey produce no effect on oxyhremoglobin, but do 
precipitate the globin as soon as hy decomposition of the hremoglobin 
it ha.s become separated from the hrematin, On the other band, 
the iron canpot be demonstrated in hmmoglobin till tbe latter is 
decomposed, and thereh.V the 'masked' iron is converted into ionic 
iron. 

How readily acids change hremoglohin is fully discussed later on 
(p. ,J9G). \Vhy the salts of the hen,,), metals such as mercuric chloride 
do not precipitate (Preyer 1) is difficult to say, hut if we bear in 
mind that pure salt-free albumins are also not precipitated, the ex
vlanation already offered hy the author seems to hold good: Salt-free 
albumins are in the true sellSI' of the word dead, hecause, by the 
removal of all electrolytes, the electrical dissociation of amino-acids is 
prevented, and from the active Rmino-acids we pass to the inactive 
ring-compounds (see p. :III), amI it is quite conceivable that the Hg
kation of corrosive sublimate is not sufficiently strong to convert the 
amino-acids in the globin radical from their pseudo-acid pseudo-hasic 
state into chemically active open-chain compounds. Salkowski 2 and 
Formanek 3 have found that hK'moglobin differs from other albumins 
in being precipitated whell it is shaken ·with a little chloroform, and 
that it does not become altered hereby. 

Hoppe-Seyler 4 and others have drawn attention to the great resist
ance which hremoglobin otTurs tu putrefying organi~ms; oxyhremoglobin 
becomes changed into reduced h~moglobin, hut does not undergo any 
further change, Hoomoglobin alsoresiststrypsill very strongly, especially 
as long as it is in living red corpuscles.5 "To what extent thi~ immunity 
of hremoglobin depends on the <'ldmixture of antiferments, or is simply 
a. widely distrihuted general property of pur~ colloidal albumins, is 
tl,S little understoc.d as in the case of serum-alhumins" (Cohnheim). 
The author is not convinced of the existence of antiferments: given a 
ferment and an a.lbumin capable of being acted upon, then a third 

1 w. Preyer, PIiJ.ger's Ardd~!, 1, 895 (l86S). 
2 E. Salkowsld, Dellj.sdw 1II~di;:;in. Wochensch.1888, No. 16; Zeifsch1". f. physiol. 

Chem. 31. 329 (1900j. ~, ' 
}I E. rormanek, ibid. 29 . • ;1:fi.1900). i 

"' F. Hoppe-Seyler, _~.I. pk'llsiol. Ohm!.,. 1. 12] (1877). 
a H. Sa.chs, Mitwumtr medizi'lt. TVod.ensckr. 1902, p. 189. 
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substance may either render the albumill unattackable, as do formic 
or acetraldehyde when they alter alhumin in such a way that it is no 
longer acted upon by trypsin, while it is still digested hy pepsin, or 
the third substance may alter the fermen~ e.g. OH-ions acting on pepsin, 
in ,yhieb case the addition of fresh unaltered ferment will result Ih 
normal digestion. The author also believes that the resistance offered 
hy h&moglobin to putrefactioll and to tryptic digestion depends on 
the same cause. 

H3?IDoglobin differs from glohin I'md all simple tl,lbumiH~ in heing 
dextra-rotatory according to Gamgee and Croft Hill,l who found 

fIremoglobin 
Globin 

Uamgee 2 has further obsen-od that hWIDoglohin and its various com
pounds with gases are diamagne6c in a.11 electrical field) while hrematjn 
is strongly magnetic. 

Histohrematins have been carefully investig:~tted hy ~lacMunn.3 
They are allleu to the hmmochromogens and sullficrve a respiratory 
function, as 'I their hands are intensified by 'alkalies and enfeehle(} hy 
acids, intensified by reducing agents and enfcehled by oxidising 
ngents.'· ::\IacMunn has descrihed the following bands :_4-

Stomach wall of eat (blood-free)-

Kidney of cat-

" '\613-'\'593 
f3 '\569-'\563 
y A556~A551 

a .\613-.\596"5 
f3 .\569-'\563 
y .\556-A550 

That special histobrematin found in muscle Madlunn has called 
'myohrematin.' Its absorpt.ion spectrum" is practically the Same 
throughout the whole animal kingdom." It is best studied in the 
papillary muscles of the heart. 

Heart of hare-
a '\'613-.\600 
f3 .\569-.\563 
Y .\556-'\550 

J A. G&mget! and Croft Hill, B~. d. deutsdl. CMiIt. (ies. 86. I. 913 (1903). 
;! A. G&rugee, Proc. Roy. &C. 68. 503 (1901). 
3 MacMunn. Phil. Tta1I..s., London, 177. 235 (1886). 
~ Quoted from M'Kendrick'~ textbook of Physiology, 1. 138 ~1888); see also 

Journ. oj Phr/8iol. 8. 51 (1887). 
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Heart of rat-
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a A613-A596·5 
(3 A596~A5G3 
Y Af;56--,,\550 

CHAP. 

The hrematin-derivative occurring in the muscles of vertebrates) 
i~, according to :Jlm:Mnml, a special 'myoh::emutin,' with definite 
derivatives, all of which differ spectroscopically from ordinary hremn
glohin. Hoppe_,'-;('ylcI',l Le''3',2 aud l'fifI'l!Cr;~ are of the opinion 
that the htl"moglollin found in muscles is the same as that met with if! 

red bluod-corpnscles, and that the displacement of the ahsorptiOlI 

bamb of mURcltj hremoglobill LowanJ" the red end of the spectrum [the 
centre of t,he two ktnds of blood oxyhremoglobin l,ciog at A577 and 
fdO, and those of myoh:f'moglobin at ;\581 and .\543] does not signify 
a difference in the hremoglohins. 

l\.liirncl'.j has suggested that the proteid-constituent, of the pigment 
may lIe different in hff:!IUoglobin und my(lba~matin. H<tllilmrton f> <;[\j's: 

,. I think mysdf there can be no doubt tha.t myolw:~matin is a UCl'inl.
tiYe of hremoglohill, but whether the muscular tissue is capable of pro
dncing the change in spite of the reagents added or whether t,he 
reagents ttddcd are mainly responsible for the change, one ca.nnot .'I,t 

present say." 
Halliburton abo quotes Copeman 6 ,,,Ilo mixed defihrinated and 

slightly diluted hlood with millced muscle a.nd kept it for three weeks 
in the ubsence of air' at 36", and so obutined the spectrum of IDYO

hrematin. On mixing blood with minced liver or other tissues Cope
man obtained a hremochromogen-spectrum; the myohrematin-bands 
disa.ppear when the myohrematin-solution js heated to near the boiling 
point, according to Copeman and Halliburton. 

Since the globin radical ma..y be replaced by egg-white as shown 
by Ham aUfl Balean see (p. (07), there is nothing against the COll

ception of hrematin uniting with myosinogen or with other albumihs 
to form true resp~ratory pigments (1\fann). 

The Orystals of Htemoglobin a.nd Oxyhtemoglobin 
Oxyhrerooglohin erysta-Iliscs more readily than does any other 

albumin, and has been known ill its crystalline form for a yery long 

1 F. Hopl,e-~yler, Zei!.schr.j.yhysiul. Chern. 14. 106 (1889i. 
:l L. Levy, ibid. 13. 309 (1888). 
II K. A. H. Mdrne:r, .. lEallt'S Jahres{ier./. Tierckmie, 27. 456 (1897). 
4 Morner, Nord. mea . .Ar~. (Stockholm, Festband, 189i), 
II Halliburton, B~ of Muscle a1l.d ':Y~'e, 1904, p. 29. 
6 S. Mouckton Oopettt&n, Proc. Phydol,. Soc. Nov. 8 (1890); a~d Joltrn. of 

Physiol. 9. p. xxii. , 

."" . 
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time. To prepare oxyhremoglohill crys'k'11s proceed tbus: Fn'£! tIlt' 
red hlood-corpnscles as thorough]:\." as poss111e from a11 th(' alhllmins 
of the blood-plasma or 11ood-sel1lm 11.'" decanta.tioll, Of, f;till bettcr, by 
means of the centl'lfuge, snspendhJg tIn' corpusrlt'S in iR0tonic salt-solll
tion and centrifugal ising them repeatedly. ~ ow lake the corpnscles 
hy adding distilled water, or b.,' repeated freezing and thawing, or 
by the addition of a little ether, which is then allowed to evaporate. 
Schuurmans-Stekhoven 1 disintegrates th(· corpuse1es \vithont tIl(' 
RlIJ.ition of any chemicals by Hhakillg them vigorously with pmticlcf'; 
of asbelltos. On cooling laked blood, cr,vstals separate out \"jth 
the more readily crystallisalle species of blood. Crystltls in small 
amounts may be easily obtained hy laking tlefihl'inat,ed rat's hlood 
and then allowing the water to partially cV1Lporate; Ewald 2 allows 
evaporation tn take place after having covered laked hlood with a miero
~copic cover-glass; with tlw blood of the sfJuirrel good results arc ohtained 
hy simply mixing the bloo(1 with Canada halsam and t,hen adjustinj! 
the cover~glass.3 To prepare ox~--hrem()globin crystals in 1m'get 
quantities it is necossary to add alcohol to the laked b1o.xl aC(:()l'ding 
to the directions given by Hoppe-Seyler: 4 cool the laked blood to 
zero centigrade, add one quarter the volume of alcohol aho cooled to 
zero, and keep the mixture for several da~'s at - f)' to - lO~. The 
crystals are tben dissolw·d in a little water warmed up to 35); the 
insoluble residuc, consisting of the stromata of the rl?d corpuscles. iR 
filtered ofr, and the filtrate i$ again exposed to the cold after the 
addition of a1cohol. If thi$ procedure is then repeated several times 
more, a very pure, ash-free preparation is obtained. Zinnofsky 5 lakes 
the blood directly hy the additioll of ether, without having previom,ly 
removed the albumins of the plasma; be then dissolves the stromata 
by the addition of very dilute ammonia, and removes them by very 
careful neutralisation with hydrochloric acid. Jalluet Ij adds to the 
blood of hens one-third its volume of ether at 35", as otherwise the 
nucleated red corpuscles set into a jelly. Schuurmans-Stckhoven 
places the laked blood into a dialysing tuhe and then suspends the 
latter in 45 per cent alcohol; as soon as crystallisation commences, 

1 Schutmnans-St€kho~'ell, Maly'sJaltJ'uQ.f. Tkl'dt.<?lIlie, 81. 212 (1901), 
2 A. Ewald, Zcitsl:hr.f, Biul. 22. 459 (1886). 
3 Professor Franci<; Gotch tells me that he fir,.;t heard of this method. from a r,tudtnt 

who worked in KrukeLberg'~ laboratory, and that the method was disco\'tred 11Y a pupil 
of Krnkenberg's.-The author. 

4 F. Hoppe-Seyler, Med.-chem. [~'ilter81ICh1{j!!lm, p. 169 (1867); Handhuch du 
physWl.-cken •. Analyse. 

5 O. Zinnofsky, Zeitschr. f. physiol. Chem. 10. 16 {lSB5). 
6 A. Jaquet, ibid. 14.289 (1889}. 
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the blood is taken out of the tube and is put on ice. By this means 
the addition of alcohol is reduced to a minimum. 

~chulz 1 prepares hoomoglobin crystals by an entirely different 
method, based on Hofmeister's principle of preparing crystals of 
egg-albumin: the laked blood is mixed with all equal bulk of 
saturated ammonium-sulphate solution to precipitate the globulins j 

in the filtrate the hremoglobin crystallises out and may then be 
repeatedly recrystallise(l from hulf-s:l,turated ammonium - sulphate 
solutions. To prevent too rapid crystallisation, it is best to cool the 
laked hlood hy placing it on ice, then to add ammonium-sulphate 
solution, and finally to allow crystallisation to take place at the 
onlinar,Y room-temperature. Hremoglobin crystals prepared by this 
method lirc large and well formed, but they contain ammonium 
sulphate, which 1las to l)e removed by dia1ysis. According to Schulz '2 

one is apt to get hremoglobill crystals along with Rt'rum-albumin 
crrst.'tls jf svrum );e employed whlch contains h:emoglobin. 

Al'cording to Hoppe-Seyler the slightly soluble lucmoglobins from 
the hlood of the dog, horse, guinea-pig, squirrel, and rat crystallise 
readily, ItS does also the blood of the goose, duck, and pigeon. The 
more soluble hffimoglohins, f.g. those of man, ox, sheep, pig, and 
rabbit, do not crystallise ea.sily; while the hremoglobins of the mouse, 
mole, and ba.t crystallise somewhat more readily. The last blood 
to he obt..1ined in a crystalline form ·was that of the cat (Kruger 3 and 
Ahderhahlen ,i). Furthel' information regarding the hremoglobin 
crystals of a large number of animals is given by Preyer j ii the literature 
on hlood crystals bas been put together by Kobert Co and Schulz.7 

}"'or preparing hremoglobin crystals the blood of the dog or that of 
the horse is most suitable; pig's hremoglohin also crystallises readily 
according to Otto,8 although it is very soluble. 

It is much more difficult to make reduced hremoglobin crystallise, 
as it is much more solul)le. Ki.1hne 9 was the first to succeed, and 
subsequently followed Gscheidlen,lO Ewald,ll Xencki,li' Giirber,13 and 

I p. X. ~dlUlz, 
'J; r. N. Schulz, Die Fisehe-r.1901. 
a Fr. Kruger. ZeilscJ.r.,f. Bil,logi£, 26. 4.52 f. phys/ol. Chem. 25. 

256 (l89B}. 
~ E. Abtlerhaltlell. ibid. 24. 545 (1898). 5 W. Preyer, BllltkristaUe, Jena, 1871. 
II H. U. Kobert, Zeilschr.J. Clnge1r:andte Jfihoskopie, V. 6 to 10 (1900). 
~ F. N. Schulz. Vie ]{rjstallisatiM 1m! EilOeissslA:ffen, Jena, Fischer, 1901. 
~ J. Otto, Zeituh,.. ;:pltysivl. Che1/L 7. 5i (1882). 
~ W. Klihne, nj'Uww'S Arrhit', 34. 423 (1885). 
l(l R. Gscheidlen, P,fo1.gfr'$.drchit'j'. (1. gf.~. l'hysiol. 16.421 (1878). 
11 A. Ewald, Ztitachr~J..JHiiW!1ie, 22. 459 (183~). 
l'!! !I. Nencki, Bt!'r. d. detdscJt. cMm. OC};. 19, 1. 28 and 410 (1886). 
13 Gtirber, SitzlWgslwr. d. physik.·mediz. Ga • .:.u Wilr:Wurg, 1893 (Reprint). 

"'~ " 
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other$. Gscheidlen recommends to let blood undergo putrefaction, 
as hremoglobin if3 not altered thereby, while Giirher removes the suh
stances preventing crystallisation, by means of dialysis. :Fol' the 
crystallisation of reduced h,:emoglobin the same methods are used 
as were given above for oxy-hH~moglobin. 

Oxyhremoglobin and hremoglobin crystallise generally ill plates. 
prisms, or needles, helonging to the rhombic system, but those of the 
squirrel belong to the hexagonal system, and that froro other rotIents 
may be prepared as hexagonal plates (Halliburton 1). Halliburton 
and Reichert,:'! by mixing blood of guinea-pip:s and of rats in definite 
proportions, have also prepared derivatives of tetrahedra and spindle
shaped crystals, while the norQially occurring hremoglobin cr;vstals of 
the guinea-pig form true tetrahedra. UhIik B obtained from horse's 
blood, in addition to the ordinary prismatic, rhomhic crys1:.:'lls, even 
after putrefaction haclset in, hexagonal holo-hedric crystals in six-sided 
plates all employing low temperatures. The different forms of crystals 
pass into one another on recrystallisation, and therefore no significance 
is attached to the form of the crystal:; (Cohnheim). That the author 
doe:; not share this view has been pointed out on p. 470. The older litera
ture dealing with hlBmoglobin crystals will be found in the important 
paper of Itollet:~ Accurate measurements of the angles have been 
made by RoHet and y. Lang.t Those bloods which do not crystallise 
readily form as a rule only microscopic crystals, w·hile HiHner and 
Biicheler 6 obtained from horse's blood large needles measuring 2 to 3 
mm. in length and 0'5 mm. in thickness. Gscheidlen once prepared 
a hremoglobin crystal measuring 3'5 em. in length. 

The optical properties of the crystals ha.ve been studied by Preyer 
and more thoroughly by Ewald.' They are silky, doubly refractile, 
and not transparent; they also possess a very marked pleochroism. 
This last property is especially well seen in the crystals of reduced 
hremoglobin, for when viewed with only One ~icol prism they show 
three distinct axial colours, name'ly, a bluish purple, a reddish purple, 
and no colour. The crystals of oxyhremoglobin show the pleochroism 
less distinctly, but still quite definitely; according to the position 
ot the Nicol's prism they are either of a dark scarlet tint, or of a 
bright yellowish red. Pleochroism is also shown hy the otber hf.emo-

1 W. D. HalliburtoD, (JUaJ"t. ,T{JlIJ'1l(tl rl JIicr. Sc. 28- ]81 (1888). 
2 Edw. T. Reichert, Amer. Journ. oj PhYl>iol. 9. 9i (1903). 
3 M. Uhlik, Pjlii.ger's Arch. 104. 64 (1904). 
4 Rollet, Sib)). d. kaiserl. Akad. cl. WU8. Wie1t., math.·naturw, Klas$<:. 46. 65 (1862;. 
Ii V. v. Lang, Wiener Akademie, 46. 1862 (lic(,'OnHng to P~rerj. 
6 G. Hiliner a.lId Bilchele:r, Zeitschr.j. jJhylfiol. f:Jum. 8, 358 (1884). 
7 A. Ewald, Zeits(hr. f. Riol, 22. 459 {18S6). 
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~lobill derivatiYCs to he mentioned later OU: Inetha-moglobin and 
h:t~min arc dark lJlaekish brawl! and p<'l.le yellowish brown j metbremo
glohin, ill. crystals, i~ colourless; CO-hremoglobin is purple and 
wbite. According to the axial plane they affect the spectrum in a 
diffel"l'nL manner, as tbe absorptjoll-b:lllds become shifted either towards 
the red or towards the violet end of the spectrum. Ewald draws 
lttteution to the fact that sirnih~l' phenomena are also o1)served if a 
substance be dis~ohed in media possessing different dispersions, and 
points out what, care is reqllired in interpreting small spectroscopic 
ditferences sneh as arc shown hy the ba:moglobin derivatives under 
(Efferent conditions. 

Blood crJ'stals <lrc deJw,Wl'alised aud are converted into pseudo
morphoses 011 being kept, OJ' on being allawed to dry, or when acted 
UpOIl hr :dcohol, but their power of refracting light douhl.,· t.hey may 
retaiu for :L consideraHe time, I Crystals which have become insoluble 
owing La the actioH of I~kohol, but which still giYe the typical 
spectrum and which are still doul)ly refractile, Nencki ~ has called 
, pal'ah;,'moglobin.' 

The Gaseous Compounds of Hremoglobin and its 
Optical Properties 

U\ll'iug ito passage through the lungs the blood of vertebrates 
hecomes samrn-tecl \rith oxygen, and during its passage through the 
I't'st of the hody it parts with this oxygen, which is taken up by 
the tissnes; arterial hlood, cuntaining oxygen, is of a bright-red colour, 
while \"Coons hlood, poor in oxygen, is of It darker-red, and eyell purple 
(_·o1our; in cases of aspbyxin the blood is almost hlack. A solution of 

hremoglobin on hcing hrought together with atmospheric oxygen 
absorbs one molecule of oxygen for each molecule of hremoglobin, and 
hecomes converted thereby into oxyhremoglobin. The chief character
istic of the two h::emoglohins, namely, of oxy- and reduced hremo
glohin~ is their absorption-spectrum; Hoppe-Seyler 3 was the first to 
describe the spectrum of oxyhxmoglobill, while Stokes 4 first prepared 
twd studied the reduced hamwglobin,;j The best method for reducing 

1 W. Preyer, JeDa, 1871. 
~ )1. Xencki, e;-cpcr. Pathol. ii. Pharl!wk. 20. 332 (1885). 
~ F. Hoppe·~eylt;'r, 33.446 (1862); Ze·nfralbl.,f. d. med. Wissen· 

:;dw.j1w, 1864, pp. 261, Sli, 834; ~lfcd.·(.'jum. UnterS'!u:.h. p. 169 (186i). 
4 G. G. StokeR, PhilOS(JjJh ... llayazine and Joltrll. ({f Science, 27. 4th Ser. p. 388 

(186#); hY/C. ](.011_ &c.. ]864 .. JUlle]6 (accordiDg to Neume.ister·.~ texthQok). 
~ St.oke's solution fm.:,.~'ilcing hmmoglobin is f>repared as folIow,,: Two grams of 

ferrous sull1hnte are dissolved in 100 cc. of a 3 per cent wat!!ry wlution of ta.rtarie acid, 

,~' 
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o..~yhteDloglohin is that of Curtius-Hiifner.1 Curtins recommended 
salts of hydrazin, and IIlifner 2 then introduced hydrazin-hydmte, 
because the only products of its decomposition <ire nitrogen ami water: 

1I,:-; - NH, ' H20 + 0, ~ N 2 + 311,0, 

For a full account of the different reducing methods comlUlt Gamgcc":'; 
;_tccount in Dchiifer's Te.d[,ook of Physiology, vol. i., p. 230 (189t1-). 

Subsequently Hiifner and v. Xoorden ~\ have devoted great care to 
the "t"isible spectrum, while Soret.j. and especially Gamgce [, hl-l.\'1;) studied 

the absorption-hands in the violet and ultm-violet regions. 
A more com}Jlete account of the optical properties of the ha:mo

globin derivatives than that given here will 1e found in the papers of 
}'orma,nek,1i Ziemke and Miillcr,' amI Schulz. s The latter has studied 
hffimatoporph~Tin very carefully. 

The theory and methods of spectra-photometry arc fully explained 
by Gamgee in SehMer's T('.(t~ooJ; (!f Ph!f5iolo,rI,ll, Y01. i., p. 213 (18~8). 

FrlLunhofer's lines;-

A o=),7ti06'1 
B =:\6%[H 
C =A6i)6;~'9 
DJ = ),;)596'8 
})~=A[,i)\)O'i 

E-=\52iO'6 
b =;\,5l83'0 
F =),4862'] 
G =;\..1308'5 
H =)\3969'2 
K =\3934'1 

I 
.,. !:'.xprc~s('J in tellth'Illt:'tre<; 

J ~ 1 ~ 10-'" ",,',C', 

anJ then nllnuonia h adde,l. till the ~o1ution uecomes alkaline. Thh mi~tllre ~hou.ld he 
alway~ 

1 CurtillS, 
2 Hufner. Bestimlnung d. Sa',""':c1I",pa,:itiU 
\I G. HiiJnet; J(lurn. 

J, Cltl'm. 4. 9 ; in both papers will be 
methods: G. Hiifller, iMd. 1. 317 

:158 (1884); 10. :118 (1386); 12. iJtiS 
clmriom will be found ill the f()Ilowing papers: 

v. Noorden, Zeilschr. 
theoretical exposition 

; 3. 1 (1878); 8. 
(1388). Tlu' tina! COD

~lrul) 

j1hY8inl. 1890, p. 1; 1894, pp. 130, 209; 1895, p. 213; 1901, SuppI. p. 
~ Boret. 'Recherches sur I'absorption des rayons ultra-violets par diyer~e6 s111)

f>tances,' AreA. d. Sf. phys. C( 1Wt. Ge,ttvc, 1878, pp. 322, 859. 
6 Arthur Gs.mgee, Zeitsckr. f. Bid. 34.505 (18913). See also Scbiifer's Te:dbl.!Ok of 

Physiol. vol. i. (1898). 
6 J. Formanek. Zeitschr. f. unalytiscM Chem. 40. 505 (1901); according to 

~l/al!/s JalireslJer. 31. 223. 
'l' E. Ziemke and Frau ... 3'[uIler, .A..rch.f, (Anat. u.) Physiol. 1901, Suppl. p. 177. 
I! Arthur Schulz, ibid. 1904, SuppL p. 271. 
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Colonr. 

f Ultra-red . 
i Red. . 

Orange-red. 
I Omnge . 
, Orange-yellow 
,I Yellow 

: ~;rt~~~grecll . 
: Cyan-blue 

Blue. . 
I Vlo]et·bhl[', 

Yiolet 
Ultra-violet 
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\:ibra~il)]l frNjlWllty 
l!lmJiHunmlllioli. 

370 
128-
'~1)3 

502 
1~10 

~16 
t.6? 
.5PO 
604 
1)34 
6S! 
'j31l 
833 

WaYI'-lellgth 
lUcentinlPters. 

'00008100 
-0000;000 
-OO()062(18 
'OOOO:,tl'i2 
'00005879 
-00005808 
-0000[':271 
'(}O(I{)5fJ82 
'O()004116Q 
'0000173~ 
-OOOGl3S?' 
'00004059 
-00003600 

----------- -- -----~------- - --
The meau visible wave-fre(juellcy is a·bout 50S to r.l0 million million 

vibration" per see')lld. 

Oxyhremoglobin 

OJ:yhwnwglouili possesses tbtec well-defined ahsorption-hands a, /3, 
and y, and probahly a fourth band in the red, see below_ The bands 
a and (3 lie between the Fraunhofet's lines D and E, of which the 
narrower but more sharply defined band a cOID,mences close to D: 

(l '\582-'\571 

f3 '\'550-'\'5"6 
Y "-424--\404 

The second hand f3 reaches, according to Rufner's spectra-photometric 
measurements, its maximum intensity between 

,\.542'5 and ,\.531'5 

It is to the eye less intense than is the band a, but in spectro-photo
metric measurements this is not the C-a$e according to Riifner. The 
quotient of the a.bsorption coefficients at the place of the maximal 
absorption in band /3, and at the place of greatest light between the 
bands a and (3, is according to Hiifner in the case of oxyhremoglobin 
1'578, Miillcrl finds, hm"ever, that the quotient of blood freshly 
drawn from the ears of healthy dogs is frequently as low as 1'4'j' to 
1'48, and warns against implicit faith in Hiifner's figures, which 
were ohtained ftom purified oxyhremoglobin crystals, [See later, 
p, 482.] The third band "b of about the same intensity as band {3, 
reaches its maxi~?~"~lntensity at A414, close to the lius h, The 

1 Franz Milller, Pjlii.ger'$ ATtn, 103. 541 (1~O4:). 
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bands are still well defined, according to Hoppe-Seyler and Gamgcc, in 
layers 1 em. thick and cont.'-lining 0'1 gramme of oxylul'illoglobin in 1 
litre of wa.ter. Gamgec draw;;;. a.ttention to the fact th:~t hrernoglobin 
absorbs hoth the most visihle as also the most actinic light. 

Piettre and Vila 1 OU examining fresh, new I;\" laked blood of 
guinea-pigs, or solutions of ox}'lueruogJobifl in tnhe~ 20 em. long, have 
observed in the red a. new hand (A = 634). The kmd is at once 
formed at body temperature, and after some time at room temperature. 
It is not seen after diluting Mood with normal salt. solution. 

Reduced Haemoglobin 

Hf'dlfced lU1!lIr,1)/Jloltin possesses two hands, a and /3, ot which ollly 
one occurs in the yellow-green, lying fairly in the middle between 
n a.mI E, and therefore in the clear area between the u atul (3 bands 
of oxyh~lllogiobin, The band a of reduced hremoglobin is hroader 
than t11p lmnri f3 of oX~Thremoglobill, but it, is less intense. 

(/..\.597-'\535 
'\573~'\r)42 (darkest part), :\ll\cMunll.~ 

/3,\436-1.41:> 

For the same place as he used in the case of oxyhremoglobin, Hufner 
gives the quotient of .the extinctioIHoefficient as 0'7617. The hand 
f3 in the violet is most intense at ,\42;'). The hand is therefore 
narro,vel' than in the case of oxyhremoglobitl, and displaced sume· 
what towardA the red end. A hlli'moglobin solution on being shaken 
with air absorbs I)xygen, and the spectrum of hremoglobin is changed 
into that of oxyhremoglobin, twd the same holds good for blood or 

laked blood. The oxyhreruoglobin;8 reconverted into hremoglohin by 
reducing agents, such as Stoke's solution (see p. 478), 01' ammonium 
sulphide, or hydrazill hydrate (HiHnel'). Siegfried 3 and Novi 4 use 
also hydrosulphite, which apparently does not reduce completely. 
The union of hremoglobin with oxygen is a very loose one, as oxygen 
is given off on reducing the atmospheric pressure, and in a vacuum 
even the whole of the oxygen may be removed. If an indifferent gas 
such as hydrogen or nitrogen he passed for some time through a 
$olution of oxyhremoglohin, the oxygen is also compJeteJy driven off: 
That the ca.rbonic acjd, which is so abundant in venons blood, also 
displaces oxygen is di,eUl!sed more fully on p. 489. Whether 

1 )-liettre and Vila. CfJillpi. )lend. 140. 390 iJ 90.5}. 
2 M'Kendrick's Te;dbook of Phy8iflloflY, 1. 123 (1888). 
:l M. Siegfriell, Arch.f. (Atwtom;ie It.) Ph1l8Wl. 1890. p. 385. 
" Ivo Novi, Pfliiger'li A rch. f. die gea<t1llte PkflSiol. 08. 289 (1894). 

2 1 
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between oxyhremoglobin amI reduced hremoglobin there exist a 
transition form, calleu by Siegfried' pseudo-hrellioglobin,' is doubtful. 
Sieg:frictl 1 believed, and Novi 2 has confirmed Siegfried's statement, 
t,h,tt in pselldo-hremogtohin there is stilI present a certain amount 
(Jf oxygen, although spectroscopically the pseudo-h~moglobjn resembles 
reduced kemoglobin j but H ufner;: does not helieve in the existence 
of psendo-ha:moglohiIl, because, he says, the Matemeuts of Siegfried 
and Novi ,~rc simply based on visual impressions and not on spectro
photometric mel:~sureJilents. 

The amouut of oxygen which I gramme of hremoglobin can bind 
Hiifner has endeavoured to Jet-ermine h.\C oft-repea.tcd experiments, 
hut the values he obtained did not agree very well owing to the 
estimation of the perccnta~ge strength of hx,moglobin being difficult 
alld the dissociation of the oxyha~mogluhin varying. To OYcrcome 
the second difficulty he eUlplu~'ed CO-ha~moglohin, which dissociates 
much Im;s. IIiifner states that 1 gramme of kemoglobin hinds 1·338 
ecm. of caI·hOlI monoxide, ar.d a;; oxygen and earhon monoxide 
replace one another in eqzw.l volmnes, he ('onclmleJ that ] gramme 
of h~moglobin also united with 1·338 ccm. oxygen. This ma,ximal 
figure 'Y3.S, however, only obtai lied approximately when very high 
oxygen - pressures were employed. Cohllheiffi remarks: <I This 
Humber is yery COHistant, and numerous experiments of Hufner, 
nybkO\yski,{ Herter,!' 'Vorm Mullel',t' Setschenow,7 and others have 
put it u(\yond doubt that the maximal oxygen capacity of ft'esh blood 
or of ll<f'moglohin solutions prepared by dilferent methods is identic::d. 
Spectroscopically there is ah;o no difference." 

Haldane,S however, is of the opinion that the evidence in support 
of Hufner's hypothesis that 1 granlme of oxyhremoglobin yields 1'34 
cc. of oxygen" is far from satisfactory," as Hiifner's {I original data 
gave an 3serage of 1·26 ce. of carbonic oxide per gramme of 
hwmoglobili, the results of individual experiments varying by as much 
as 10 per cent from one another. To obtain the corrected figure of 
1·3.t- cc. (which, a~suming that Zinnofsky's amI Jacquet's determina.
tions of iron are correct, giYes a ratio of 1 atom of iron to 2 of 

1 M. Niegfried. Arch . .t. (Anat. utld) Phllsiol. 1890) p. 385. 
~ Iva Novj, l~tfii(l{'r',\' ~JT("lI. /: dir. gesamt~ l'll!lsWl. 56. 289 {l8!).l). 
" G. Hufuer, Al·ch. f. (Anal. und) PhysivL 1894, p. 130 (p. 140). 
4 W. Dyhkowski, lIoppe-Seylcr's ?lJrd.·chRJn. eiliersuch. 1>. 117 (1866). 
5 F. Hert€r, Zc,'!&r.}tr . .r pllysi(>l. Ckem. 8. 98 (1S79). 
r. J. "\Vorru Muller, Unursl/c!t. aus der LdpzigeT phllSivloJischtn Anstalt, 5. lIt? 

(1870). 
T J. Set5chenow, Pjlii$P"·s..Jrdl-. /-iir die fI1!.ulmt£ PJlJpiol. 22. 252 {1880). 
8 J. Ha.ldane, Jom.' cf"Physiol. 25. 301 (1900). 
II Hlifner, ..trch.f. (AMt. u.) Physiol. 189-1, p. 128. 

,,,. 
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oxygen) Hiifuer makes the two assumptions, tbM carbonic (\xide at 
a tension of about 500 mm. does not saturate btt'IDoglobin to mnr(' 
than ahout 9:J per cent, while at a tension of abOllt 700 rum. the 
saturation become!:> complete. This M~umption is inadmist)ible in 
view of the work of Haldalle nnll ].,ofl'ain ,"imith,l who .showed that 
the affinity of carhouic oxide for ha'nloglobin is a very powerful one. 
Haldane continues: "Moreover, as the dissociation-('Ut'n' 01' ('0-
hremogJobin lS undoubtedly a rect..'Ulgular hyperhoh, even 1£ we were 
to ,'dmit that the saturation j,.,; a good way from lleing complete at 
hOO mDl. tension of carhonic oxide, we should also have to admit that 
.at 'j 00 mm. the incompleteness of saturation is lJearly a.'3 great. 
Hiifntlr's ~ec()lld assumption is that the coefficient of ahsorptioll of 
<carbonic oxide in a :_i or 4- per cent solution of lw.~moglobin, as deduced 
from his actual cxperlwe-nts, is incorrect, and that a value about 10 
per cent lower is correct. The ha_'moglobin solutions I'ruployed by 
Bufner 'Yere dilute, and consequently the correction needed 011 

}lecoUllt of the coefficient of absO!'ption of c;u'bo!lic oxide amounted to 

a~ much as 50 per cent of the result. The hyputhetical correctinn 
i.ntroduced thu::- makes a considerahle (litfcl'ence in tile value obtained." 
Haldane bell eves that the uncertainty of the determinatlons of the 
.oxygen capacity of htf>-moglobin from clcctro~photometric observations 
js the cause of the want of agreement bctween the results HiifIlcr 
()htained whh the ferrjcyallide method (see next paragraph) and with 
the spectro-photometer, though possibly there may also have been an 
-error dne to bacterial decomposition of the hremoglobin. 

Determination oj the o.f!}(!e'fl CflFacity (If Blood liy Ferricyanide 

Haldane 2 Waf:; the first to show that the percentage of oxygen 
-capable of being t..'l.ken up in comhination with the hremog!obin of 
hlood" may readily ?Jtl determined by chemical means, as the combined 
oxygen is liberated rapidly and completely on the addition of a 
.tiolution of potassium ferricyallide to laked blood, and that the 
Jiberated oxygen may easily be measured with au apparatns similar 
to that used by Duprt'- 3 for determining urea in urine. In a second 
paper Haldane 4 gives a full description of the modified Dupr~ 

.apparatus used by him in determining the oxygen capacity of blood, 
a.nd also precise inf'Jrmation as to the treatment of the blood. The 
result obtained hy the ferricyanide method represents only the 

I J. HaIdant and Lorrain 8mith, Jtm'f'n. (tf i'!'!J.~,{,[. 22. 253 (1898). 
:I John Ha.ldllJle, wid. 22. 298 (1898)_ 
3 Dupre, Jowrn. Clum. Soc. 1_ 534 (I87i). 
oj John Haldane, JOlmt. qf Phyaiol. 25. 295 (1899-1900). 
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oxygen in combination with hremoglobin, while tha.t ginn by the 
pump includes also the oxygen in simple solution, and Haldane has 
thersfore "deducted from the result, hr t.he pump the percentage of 
oxygen (ahout 0-63 with "blood satllrated ut l3 G

) which would he ill 
solution. This amount was ca1cubted on the assumption that the co
efficient of absorption of oxygen in blood is ~fth less th.an it js ill water; 
Panl Bert's experiments 1 on the nitrogen .and oxygen of the. h1000 of 
fll1imals in compressed air having ShOWll that this valne i$ prohahly 
concet," 

The absorption coefficients of blood and of its constittwnt:; for 
g-olses at !rIc, ano. 38°, according to Bohr's:"! quite recent aeconnt, a.l'c 

as follows (see the figure on p. 488-) :-

:'itr<':';:"lL 

\rate! 0'0342 O'O:!:17 lJ'017!1 ()'0122 1'01\1 0",0" 
I'lasl\I:l O'OB3 0'023 O'Oli 0'011 O'9{<-t 0'[d1 
HlllQ{l 0'0;1] 0'02:2 0'016 o'on 0'9:11 O'iill 
Bloo11·cnl'l'll'ldt"~ . O'O:!8 O'DE' 0'014 0'0098 0'82;) 0'4:'0 

HuldaTH", in addition to the correctioll for the absorptiOlL coefficient, 
made also ~t \'ery slight additional correction in his ferticyanide 
method, elH the as-sumption that allY excess of nitrogen over the 
IJercentage pI'esent in hlood saturuted with air at the same tempera
ture, WllS dUtl to the accidental presence of air in the pump. Com
paring the result.,., given hy the blood -purnv and the ferricyanide 
method for defibrinated and fDr oxalated ox-blood, they were fOllnd 
to he identical. Thus 100 volumes of blood yielded 22'38 volumes 
of oxygen by the blood-pump and 22'39 volumes by the ferricyanidc 
method. The best apparatus for estimating the oxygen and the 
carbonic Rcid in such small quantities of hlo~d as 1 ('c. is that of 
Haldane and Barcroft).!! which is also hased on the potassium 
ferricyanide method. On employing Hald~ne's ferricyanide method, 

1 Pa.ul B61t, La pression barolllitriqlll!, 1878, p. 661. Haldane remt1.l'ks: "Bert'" 
experiment:'! on {llood satura:ted witll ,compres,;ed air outside the hody appareutly 
iwlicate t1. much higher lioetficieut of ahsorptiotl, hut in all }lrobability these cx!wri. 
ments were ,"itiated hy the pNsence in the saturated blQ9li of air·bubble;; Cb.lIse(l by the 
shaking." 

:.1 Christian &!IT,' Aboorptiorl!!:coefficif:!lIoon des Blutes Ullddf$ BhltplllsmllS fur Gasfl,' 
SkanJ', A)·dl·f. PNt!~. 1'l~ 104 (l905}. See)lolso Nagel's H(mdb-1U:h al'l' PhllSioWgil! 

ti"!'9 .lfelllu;hl'll, vol. t ~ 54 (1905). 
S HIt.Mane and Darcroft, Jom·,l. ,if I'hy9icl. 28. 232 (1902) . 

.... 
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\T. Zeynek 1 and Hufner:1 obtained in the best expel'imenls ahout 13 pef 
.cent less oxygen than was present in the oxyhtemoglohin solutions 
when judged by the spectro-photometer. Apart from the doubt!; as to 
the reliltlJility of the data on which HUfnel' has hased his spectro
photometric calcula.tion (see abo, e p. 482), Haldane pointf; ont that the 
.only factors liallle to give ton low fignreB hy the ferricyanide method 
I1l'e, firstly, incomplete laking of hlood, as fcrricyanide cannot, act on 
the bremoglobin in the corpuscle!';, anu, secondly, the presenc{\ of 
bacteria. ::'Ihiller a fully concurs with Haldane tha.t the fCl1'icyanirle 

method gives the sa.me results as does the h1ood-pump, hut draws 
1l,ttclltion to the fact that hactcl'ia ~tl'e not the oul,Y agents hy metUll5 

of which hlood, ,,,hich has left the arteries, may after a time show a 
diminution in the :~mount of rcmovH.hle oxygen, for if the analyses of 
Bohr,·! and Hen those of Hiifner and y, Zeynekt are examined in an 
1I1lbiassed manner, there is )]0 doubt that mnny samples of bloou, 
jifter having been kept for some time asepticany, do not gil'C the 
maximal oxygen capacity of 1 ';3+ cem. per gramme of hamlDglobin, 
;wd he accounts for the loss of oXTgen lIy assuming that the })}vod of 
some individuals contains "e;lsily oxidisablc suhst~mce.~, lyhich conl
bine with the ]oosely hound oxygcn of kept Mood or with the 
oxygen 'rhich is set free by ferricyanide, while the oxygen is iu statlt 
1I1lscfttdi." He thus explains the diiterences obtained occasionally on 
.examining kept blood hy the ferricyanidc method as due to the auto· 
(>onsumption of the oxygen hy the blood. Certain indi\'iduals do not 
t;CeID to possess the radical which ahsorbs the oxygen, and in thi~ case 
the ferricy,tuide gives the ~me results with freshly drawn a.tld with 
kept Mood, if hactcl'ial action he excluded. The chemical interaction 
between blood and potassium ferticyanide is discussed on p. 492. 

~ormal oxyhremoglobin is ycry readily dissociated, while hremo
grobin crystais, in tbe preparation of wbieh aicofwI was used, do 
not dissociate so readily. This was first sho"m by Loewy," and then 
.confirmed by Hiifner.1..i That the dissociation of oxyhremoglobin 
is greater at highel' temperatures has been shown by Hiifner,6 who 
has also given tables to show the inter-relationship of the oxygen 
tension and the percentage -saturation of hoorooglobin. As his tables 
are based on calculation, and not on actual oooervation, they have 

I 'V. Lkplek, Arch./. (_1nat. n.) PJI//iJi{'Z. 1899, p. 460. 
2 Hufner. ibid, 1899, fl. 49l. 
;; }.~ranz Muller, P,lfiiger's Arch. 103.541 (1904). 
, Bohr, Ska'td. A)·cJ~. 3. 10].(1891). 
" A. Loewy, Zentralbl.,f. PhyWJi. 18. 449 (1889). 
I) G. HruneT, .~f"ck"f. (Anal. u.} Phy.'!1iol. 1890, p. 28; 1901, $IlPPl. 1>' ]87; 

ZtitsMr.j. phllsidl. Ch~m. 10. 218 (1886). 
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IH:cn omitte<l. Hilfner's tal)les cannot he llsed for t.he direct estimation 

of the oX,vgcn capacity of hlood umler varying harometric pressure:o:, 
according to Schu!lIhuf'g llnd Zuut.z and O. Cobnheim.1 Loew,r and 
huntz ~ :;howt!d t,fUlt the (li.';;sl,ciation of oxyhwmoglohin vanes accord~ 

iug to the amount of dilution of tht IH\~moglohin, a,., had pre\'iously 
a.lso heen ohserved by Hilfner alld nohr, a.nd that Iakell blood he haves 
differently cruw uorlllnl opaque blood. The more I:Onccntrated .'t 

lw·moglohin s(,iution the less oxygen dUf\S it ahRorh nIlder equal 
pres!\ures.. and therefure laked l)lood ShOWB a different he1HlyjOlU' {rem 

O.preSI'Wfe Ii1 
~-_______ ~ ______ ~, mn; Hg 

i 

Pert'l'litagl' /)aturrrtion 

-,\. Lorw)' fl1ul Zllut7(t1og'slolood); n, C, Pan] Bert; IJ, Ilurner s n~" 

normal blood heC8.{lSe the same quantity of [l<t!IT1og1oain is distri/J1l.ted 
oyer, say, twice the yolume, Loewy ;~ states that this dilution is also 
the reason ,yhy .Ridner·s obsenrations, , ... hieh are hased ou laked 
blood, dift'cr from the older observations of \'~olffberg and StrassLerg 
ma.de in JJiiiiger's laboratory on normal blood, for according to' 
Stl'assberg'1 hil'IDoglobin is saturated to 60 per cent under an oxygen 
tension of 25 mm. Hg, while Hilfner found the saturation in his older 

1 Schumhurg llnd N. Zlllltz, P.llii.qe/~ Ardu·v. 63 .. 461 (1896); O. Colmheim, 
E/'!ll'bl!l:~se der 1'1t.vsiol. II. 1.625 ff. (1903). 

\! A. Loewy allt} N. Zuntz"Arch.,t: (Allp.t. II.) Ph}l.~iol. 1904-. p. 166. 
:l A. Loewy. ibid. ;p. 5Bi: " 
f. G. StrassheTg, 1'b1a. 4. 454. and 6. 65; "VolJfbe-rg. PjWgcr's Arch. 4. 46..') (1870), 

and 6. 23 (18i2). 
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ohservations to amount to ~)O per cent, and ill hi,; more r('cent inYe>itl 
gations to 15 per cent, If Hilfner'.>; result" were correct, then hlol)(l 
ought to be saturated to the exteut of 90 pel' cent if the O,,-tetU:.jull in 
the alveolar air amounts to 30 mm, Hg, but uurler thcRe- conditions 
animals exhibit, distinct, indicatioJls (}f w:mt of oxygell, Loel"'Y 1 

C'xpJains the 'want of oxygen which manifests itself itt heights of 
40<JO-5QOO ID. as due to u too great dissociation of the ox.vh;\·nw 
glohin, and also pointtj out th:~t working with normal hlood there 
ex;,;t considerahle 'imli,idual' ditferences between the hloO(h; of 
different persons and dogs aR I'f'gar(b oxygen capacitit's. The mean 
dissociation-tension of ox)' ha·moglohin in man if3 giW;H in the ;thovc 
:fignre, in which Loewy has also included the !'c8ultR obtflined by other 
obsf!1'vcrs. From the curYe of human blood Loewy calculates the 
following values :--

Partial pl"t:'ssure of (>xyg"l1 e'lnal~ 10 
1 :~ 

Or if the partial pressures of ox.vgcn he expl'essed in perc(mtagt:s of 
atmospheric Pl'cssure :-

Pressure of oxygen c{)l'responllin~ to:; per cellt of an a:lllo"phere 

The specific oxygen capacity of blood l.,> defined by J~()hr \! as that 
amount of oxygen expressed in cubic centimetres at 0" antI 760 mm. pres
sure which is hound by OIle gramme of iron of the blood at body tempera
ture (37(._3S n

) under an oxygen tension of 150 mm. or one atmoFlphcre. 
The most recent determinations on the absorption of gases by the 
blood made by Krogh,1I tind by Bohr, Hasselbalch, and Krogh,4- ,1Te 

based on the specific oxygen capacity of blood. For the determina
tion of the amount of iron present in the blooel, the amOll.nt of iron 
pel' 100 grammes of blood was estimated in Bohr's lab<;tratory by 

1 A. Lo~nvy. A 1'tli. /. (A naL Ifc) Physiol. 1904, p. 233. 
~ Chr. Bohr, Ska'l1d. Arch.f. Physiol. 3. 101 (1891). 
3 August Krogh. ibid. 16. 390 (1904). 
4 Chr. Bohr. K. Rasselbalell. and A. Krogb, ibid, p. 402. 
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Vilh. Maar, who used A. Xeumann's method,1 and the specific oxygen 
capa.city was then calculated from thf' amouilt found. The coagulation 
of bluod and hacterial a.ction were l!rovcnted hy the addition of 
] : 1000 pot;Lssium oxaJate or 2: 1000 sodium ftnoride. 

Arterial blood taken from the arteria maxillaris extcrna of the 
horse while it was feetling showed

).lilligrammes of irol1 in 100 l:-,'TllmmCs. of 11100(1 :)1'i[) 

1'0.14-

3;)4·000 

Specific weight of blood 
Specific oxygen capacity 

Venous blood from the "elm maxillaris showed 11 i'pecitic oxygen 
capacity (If :)8 T. 

The following Figure represents the differences in the amounts of 
oxygen which are bound hI' normal hlood, B; a corresponding h,vrno
gloujn solutiolJ alld bJooo plasma, 1-'. 

to 

00 O-~i-i V i r-+-t 
o I V l!:1-- ! 1 =iftV I : ' , I 
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ClllTI'S lepre:s"nhng the oxygen capacity of B, 1l0l1111l1 hloool or hR'lllo!'Jlrome; of li, IHl:luogloblll, 
111101 uf }', Jlla~m(\. «('oJl\uined fl'om Bohr'" Aniet.., in X(l1Ier~ I'h.y~iolngu.) 

Tlw CO, Capacity of Blood 

That h:l'moglooin combines with carbon dioxide has been known 
for a long time; but Bohr 2' was the first to poil].t out that CO2 if undt:r 
a certain pressure will diminish the oxygen capacity, while the reverse 
does not hold good. His preliminary observations were, however, 
inconstant as regards quantitative data, and therefore the whole 
question WIlS reinvestigated with fresh blood, .. containing what Bohr 
calls the genuine blood-colouring matter or hremochrome.s He arrived 

1 A. Ne~n, ~~r. f. phy8iol. O/u'lll. 87. 115 (1902). 
, Co,. Bo~;, ~nd. Arm. f. P'u,id. 3. 47 (1892). 
3 Cbr. Bohr, Zentmlbl. f. PltYBiol. 1'. 682 (1903.1904). J. 
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at the conclusion that CO2 exerts a stron~ depressant a.etion on the 
amount of oxygen absorbed by the blood wheneyer the oxygen tension 
is low, while its effect disappears almost completely if oxygen he 
under the partial pressure of one atmosphere or 150 mm. Hg. III 
the most recent paper by Bohr, Hasselbalch, and Krogh,l the intCl'
reiationship of CO2 anel O;! for normal dog's blood at as -_ is cxpressl'd 
in the follow1ng tahle :-

l'f'rl'ent:cj;((' fib~OI pi io~) of O'Y"~ll 111 tll!' l'r)'H'ne" (1f 

(JXY;'::"ll t"lI~lVll. 

10 !!O 80)l!l!), cn2• 

---1---- -_- --
II ,'5 b 3 l'b 

10 2S'ri ~0'5 H 9 4 
15 [,1 36 27 18'[, 8 
20 67'5 54 41 !!wL " 25 76 67 :14 .0 :!2 
30 8~ 7 ~'~ 6:s'[j flO :n 
35 86 7~U; 71 fi8 '" 40 8' 84 77 66'0 49 
4:' 91 &i'[, 82 73 rIB 
M 92-5 90 86 7~'5 62'5 
60 95 93'5 90'[, 86 73 
70 .7 95'5 " 91 80'5 
80 98 Hi 96 {W!i 87 
90 98'5 98 97 9. 91'S 

100 99 98'S 98 97 9fj 
150 100 100 100 99'8 99'S 

These figures are represented in the followillg curves :-
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There seems to be no interference with the abeoIption of CO2 what-

1 Chr. Bobr, K. Rasselbalch, and A. Krogh. Skattd .• ireh. 16. 402 (1904). 
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ever the press1ll'e of the oxygen is, as already pointed out. and t11i::. 
older yjew (If BollI' h118 ht'f'Il confirmed hy bis recent invest.ig::t
tiOHS.l 

From a biological point of vie\',' the results ohtainerl by Bohr are 
of grent interest, becnnse "!:'YCli a 111gb CO::-tension of the blood in 
tlw lUlq.;<; will exert. no mewmrahle influence OH the ahsorption of 
oxygen hy the 1)100(\ 011 its paR-sage throug-h the lungs, as here the 
ox,rgclI tension it:> high; hut whe!l the hlood reaches the tissues, the 
oxygen ten~ioll hecomes reduced, while simultaneously the CO.,-tf'ol',ion 
i~ raised, filld therehy tho giying off of oxygen by the "blood will 1)e 
gl't~atly facilitated, and t!JerefOfl' the amount of oxygen present in the 
Llood will he made Use of to a much greater extent than would other
·wise be the caso, If Wf' aSRUTllC th(~ oxygpn tension of vonons hlood 
t,o he :?;) mnL Hg, then Oil the assnmpt,ion that. CO2 exerted no
i1JtiUf'IlCC on the absorption of ()~, there wmIld pass into the plasma 
olll~· 24 per cent of tlw amount of 0:] prosent in the red corpnscles, 
awl only this amollnt wuuld he ::l.yailablt, to tho tissues. If, howen]", 
the CO:]-tcnsioIl l'isciS simultaneOllsly to 40 or to 80 mIll. Hg, therl 61} 
per cent, and in the latter case eyen is pcr cent of the oxygen, may 
hr gh'cn 011' hy the corpnscles, without the tetlsion falling hellcath 
:!,l mill. Hg.'" 

At, present it is still impossihle tu make any neilllite statement as 
to how oxygen is united to the hremoglouill molecule, but it is 
gcnc1'Illly assnmed that the power of ahsorl)ing oxygen is dependent 
on the lron, or the lron-colltainiug radical ha'matin (p. 50B). Oxygetl 
is absorhed normally, only) if the IHemoglohin he in solution, but 
Cl'.,·sbls of reuuced h::emoglobin are convcrtc(l into those of oxy
h~emoglobin according to EW'ald 2 and Dohr and Torup; 3 as, however. 
these cr.vstals Wert' moist, the conversion must huve only been possible 
owing to the presence of the moisture. KUhne 4 and Preyer" have 
shown that oxyhxmoglohin is markedly acid, while reduced 
h:.~m()glohin is not". and metha:moglobin, which contains the oxygen 
in much firmer nilion than does oxyhtem.oglobin, is, acconling to 
Monzies Ii and .laderholm,7 eYcn more stron.gly acid than is oxy
h~moglohill. Passing oxygen through a hremoglohin SOlution makes 

1 Gilt. Bohr. Zentralbl . .r. pn.!/s/vl. 17. 113 (1903-1904;. 
, Aug. Ewald, Zeifsd,r. f. BiolO[!ir. 22. 459 (1886). 
S Chr. Bohr and S.1'orup, Sfwndinav. Arch.!: I'hy.~wl. 3. 69 (1891). 
~ \V. Khl\Ue. rircJww's Archi't\ 34, 423 (1865). 
:I W, Prl.'yer, Ze'ltrMhl./. 4. mea. TVis8("nsdwfttln. 1867, No. 18; and. in Pfli01.'1·'~ 

Ardtiv, 1. 395 (1868). ., . . 

6 J. A. Menzies, J()!~. 'Of Ph1jS'l.·ol.17. 402 (1895). 

7 Axel .TaderllOlw, Zeilsch)'./. BilO/O[!ic, 20. 4J9 (1884). 

,'"" 
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the l~tter more acid according to Kiihnc; ill mt'tha:moglohin. whi('h 
shows (liffereut spectra ac('ordillg as to wbether it i" in all aeid or in 
all alkalin(' ~olntioll, :1. current of hydrogen acts like all alkali (1 hy 
carrying ofr CO:!), while oxygen acts like fLh (lkid, according tl) .Hidel'
holm. Mention mu."t :tIs.o he TIlIVIe of Hoppe-~('~'IeJ",; I ohscrmt.iolJ 
that oxyhremoglo1,in il'i cOIlYCl'tf'd ill to redlleed hn'moglohin (Ill hcillg 
f[(;ntly w,'lrmed with ammonht. These im'estig .. ~tions descl'H~ to he 
J'i'pe<tted in the light of Dill' present kno'\'I-'ledge reg;tnling the migratioll 
Ot mdieals ill a molecule (see helow). ]n coagulating hff'moglohill 
hy heat and ~o den:ttnralif5ing it, the larger amount of oxygen and 
other gase,:; present remaiu in the coagulnm accordinp; to Hermann and 
Steger;:; ::.imilarly whell oxyhOC'lUoglohin is dissociuteu into glohin 
and ilrematin, oxygen is 1lOlllld up. 

Methremogiobin 

That Qx:ylucmoglolJin readily ehanges into a new compound of 
a lwowni"h colour which l,ossesRes in a(lditlon to the hands of oxy
luemogluhin an additiolltd hand in the red eHll of the spectrUlll wa.,> 
fir:'lt. oJJscrvcd hy Hoppe-Seyler,;; who called this new" suhstance 
methannoglohin. He was of the opinioH that it resulted frum :t 

piu"tird rcdllction of oxyh;:pmog]o)Jjn, <L "jew we !lOW know to be 
wrong. ti;\mgee 4. then showed that, nitl·itof\, indnding am,rl-nitrite, 
nitroglycerine, etc., "\yeT'f' especially apt to giye riKe to metha'moglohin ; 
and that methtelHoglohin holds the oxygen :50 firmly t\m~ the latt.('l' 
cannot lit.' remoyeo. hy hoiling ill wnw or by the action of carbonic 
oxi(le, but that reducing agents instantly convert metb<emoglobin into 
oxyhremoglohin, which latter then hy the continued action of the 
reducing suhstances i8 converted into reduced hremog-Iobill See, 
however, Haldane's 1'iC11- regarding the last point, on p. 493. 

(JxyjJa~m()gJ(Jhi1J is so l'eadiJ.r converted into methrumogJobin, that 
if it he kept without special prl!Cautiollary measures having l)ecll 
taken, part. of it hecomes changed into metha>IDoglohin. It seems
likely that the dimilllHion iTt the power of oxygen ·di~sociation which 
ensues if alcohol be used for the prcpRration of oxyh~;moglohin 

('!JTstals is already the first step towards the formation of met
hmmoglobin; the latter is further formed by the action of a great 

I P. Hoppe-Seylt'r, Zentr(llM.;: d. J/led. Wissensdwjten, 1864, p. 81 i. 
1 L. Hermalln anu Th. Steger, I'jliiger's ATCh .. J. d. ges. Physiol. 10. ·86 \18(5). 
3- F. Hoppe.Seyler, Zentmll)l .. r. d. m~. Wissenseluz/ten, 1864, No. !)3, arid 1865. 

p,65. See also .Med. ch~m. Untermlch. Brrlin, p. 378, arlll Zeit8chr. f. physiol. Chern. 
2. 150,155 (1878) . 

..I A. Gamgee, Phi(vsopll, Trans. 158. I. 1[':9 and 589 (1868). 
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many other reagents. Dittrich 1 has shown that hoth oxidising 
substances-ozone, iodine, chlorates, permanganates, nitrates, potassillTU 
fel'licyanide; and tedu(·ing bodies - nascent hydrogen, palladium 
hydrate, uitrites, pyrogallol, allantoin, hydroqninone, etc .. ; as also 
()ther compollnds-anilin, toluidin, acetanilid, acetphenetidin, glycerine, 
etc., lead to the forma.tion of methwmoglobin. Haldane has shown 
that the methremoglobin formed by the action of nitrites on luemoglol)ifj 
is mixed with NO~hmmoglobin.~ The heat method for prepar:iug 
metha:moglohin if' to act on oxyhf.Cmoglobin with potassiulll ferri
(~yanide, according to Hufner,s Kiilz,4 Otto,"' v. ~lering/' .Jaderl101m,~ 
Y. Zeynek/s aud I-WinerY 

Acid-hremoglobill, which Harnack considers to he a uefinite suh
sl;;_wcc formed along with mcdut)moglohin, is discussed on p . ./-fJ.5. 

Tile conversion of oxyhremoglobin iuto methamlOg]ohill may also 
occm in the lidng hlood,lO provided that the substances have thl' 
power of entering the blood - corpuscles, as caB, for example, 
amyl-nitrite, dinitrobenzene, MHl nntifebrin _; the chlorates can enter 
t,he corpuscles of the ca~ dog, and man, hut not those of rahbits and 
other herbivoL'1J. (Haldaue), and potassium ferricyallide c:mnot cnter at 
a.ll. Haldane,ll l\IakhrilJ, and Mavrogol'dato have shown that ill 
poisoning with nitrites, dinitrobenzcnc, etc., which also form llleth~mo
globin in the blood, death occurs from want of oxygen, exactly ai-; in 
CO-poisoning. To Haldane's researches into the action of ferricyanide:; 
Oll oxyhremoglohin attention has already been drawn in connection 
with the determination of the oxygen capacity of blood {see p. 483). 
'rile chemical changes induced by potassium ferricyanide HahlallC 
expla.ins thus: "If ferricyanide he added to diluted blood, it wiII he 
found that the solution now gives with ferric chloride a blue colour 
indicating the presence of ferrocyanide. :Evidently, therefore, the 
fenicYaJ)ide is reduced to ferrocyanide. The oxygen rendered uxail-

1 P. Dittridl, 8doniweQery's Arch. f. e.cpaimen{, P(f{it. u. Ph('rill. 29. 247 (l89l). 
"' .1. Hald:l.w·, JOUT;_fI. (!f PII!/sivl. 21. 160 (897). 
a G. Hufl.Hlf, XeiuG"la./: pllJ/sid. UJ/em, 8.366 (1884}. 
oj. G. Bufner I1lHlll. Kulz., wid. 7, 366 {l883~ 
" G. Hlifller aud J. G. Otto, ibid. 7. 65 (1882): J. G. Otto, 1~fiiige/s Ardl,i(' f. d. 

9cs. Physiul. 81. 245 (1883). 
G \'. :Maring, Zeitschr.j.physiol. Ch(:llt. 8. 186 (1883). 
7 Axel Jiiderholm, Zei.t.'lChr.j. BioWgie, 16. 1 (1880); 20. 419 (1884). 
B It. v. ZtlYllek) A,T(Ah, j, (.Anal. mtd) Pkysi.ol.. l899. p. 460, 
(I O. Hillner, wid. 1899, p. 491. '. 
1(1 ". Meriug, &ilsclw. ,t: physWl. aMm. 8. 1a6 (1883); I'. Dittrich, 1/)/.,. cit.: 

A. Thlllnig, IkutsCk. Am\. :f. ,kh"n. ~lIedi"zi11, 66.. 524 (1900); «.cconling to .J{alf/'s 
JaJ,,._ridU,,,, 30. lllll... ,. • 

11 J. HaltllUle, R. H. Makgill, ani! A. E. Mal"rogt>rllato, Jf)'!tI"1l. 0/ Ph.ysiol. 21, 160 
(IS.,). "". 
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ahle in this rel:tCtloIl doubtless passes into the hremoglohin molecule. 
The whole process may he provisionally represented hy the foUowin~ 
equation when ferricyaniot' is acting on reduced hremoglobin :_ 

Hv + 4NalCy,Fe) + -IX.HCO, ~ HbO, + 4X',(Cr"E'e) + 4CO, + 2H,(l. 

In this equation the symbol Hb0:l represents mcthil'moglobill. When 
thr ferricyanide is acting on eXJhremoglobin, the following etluation 
rCI)l'esents the supposed process :--

J J))<O + 4:i'a,(Cy"Fe) + 4NaHCO" ~ 
o 

J" this ""se Hb(~: represents oxrh"'mo~lobin, anti Hi,<: met

kt'llwglobin. The reason for employing these different symholg is 
that there are some grounds for believing that in axyhremoglohill 
the oxygen atoms are united together, whereas in rnethremoglobin 
thii> is probably not the case (see also p, 483). 

The cOllversion of oxyhremoglobin into methremoglobin by 
indifferent media or simply by the' time-factor' might be explained 
throngh the migration of hydrogell atoms, analogons to the transition 
of a ketone into ali en ole modification, as described by BriihJ.l Tlle 
increased1y acid character of metbwmoglohjn agrees we]] l'dth this 
conception, Its pointed out by v. Zeynck. 

By reducing agents, and especially by ammonium l:!ulphidc and 
Stokes' rea.gent, methremoglobin is converted fa.r more readily than is 
oxyhremoglohin ~ into reduced hremoglobin, and the latter is changed 
inst._'\.ntly into oxyhremoglobin, provided free oxygen is present, bnt 
not, otherwise, as Haldane has 8hown.3 

The peculiar action of another reducing agent, namely, nitl'ie 
oxide, on metbremoglohin has been studied by Hiifner and Kiilz/ who 
found that, a1though methremoglobin does not yie1d oxygen to the 
blood-pump {Gamgee), it parts with exactly the same amount of 
oxygen as does oxyhremoglobin when subjected to NO, and that 
therefol'c both methremoglobin and oxyhremoglobiu must contain the 
s.1.me amount of readily disl;ociable oxygen. 

I J. W. Bruhl, Zritsch)'-.f-physi.rH. C]l.nJt. 30.1 (1899). 
I! J. Haldane, Jounw..l 'It Pkysiol. 22. 298 (1898). 
3 J. Haldane, ibid. 22. 302 (1898), 
" Hiifncr and Klilz, Z6ii. f. physiol. Ulumt. 7. 366 (1883), 
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nohr I di~Linguishes seyeral rnoditic(l.tions of hmmogiobin, which 
differ froID one another in their oxygen-capacity, and has called these 
modifications a-, (3". y-, &.hremoglobiTl. He has noticed simi11~1' 

differences also in living blood, hllt H iifner ~ has sugg-e.'it.cd that Hohl"s 
observations JcpeIH] on I! partial C()JlYCl'sjon of h<enwg)ohin into met
hrcmoglobin or similar conq)oull{L,. Marchand:J 11<1!> likewise llcscrihe(l 
phenomena whicb spt'ak for Ii gnl(lual conversion lllto methwrnoglobin. 

)lcthrt~moglo1Jill, either as solid 01' in acid or neutral R"olutions, is 
not red aK i~ oxyh,emoglobin, but hl'OWll, like English port,or; ill 

alkaline KolutiollS it is, ho\\'c\'er, r~d. IHlfner 4 was the first to prcpart' 
it ill a pnre crystalline form from dog's, pig's, and horse's blood, after 
Gamg('e had already succeeded in 1868 in obtaining crystals in com" 
billatioll with nitrites. Pure crystals rt'Sell1 hIe grey-l)l'owll, duc>
coloured Ilt'edles with a lJcculiar silky lm;tl'c. The met,hod used fcr 
l'rCp;trjng IDethwmoglobilJ cryst.a.ls is the same tIS that used for ox~" 

htt'mo~l()hill, after the lattcr has becn cOllvertetl into lllCthff'llloglohill 
hy a little potassium ferricyallide. It has the same compositioil a" 
ox,vhremog-lohirl, see p. -tU:;. 100 celll. water dissoh'c fi,S5] grnl. 
at 0' : and much large!' quantities at higher tempera.tures. 

Mcthtl'lllogiobin possesses in acid awl ill alkaline solutions different 
spectra, which have heen iTlvestiga.tcd most carcfully hy ,Jiiderhoim,"j 
Ara.ki, (j Gamgee, 'j and Haldane. III acid solutions it pos:,;csses t,,·o 
h:tnds; the first very marked ll/_md ill the red-or::Lnge, between C amI 
J) a.nd close to C, with its greatest intensity, according to 

Oamgoe, )'633-;\623, 
Araki,. A648-A6:.19, 
Dittrich,S A632. 

A feebler band-which, examined by the spectro-photometrie 
method of Riifner, is, however, as iutense as the other-lies ill the 
bright blue region of the spectrum between G and }', c10se to }~ : 

A500-A495. 

If methrt>moglol1in is not in acid solution, or not quite free from 

l Chr. Bohr ,\ll,l Sophus TorllIl, SI.:.and. ~(I'ch • .I: 1>11.1/$. 3. 69 (18~n); Chr. Bo1,r, 
ibd 3. 76, J01 (1891); Fr. Tobie..'1cl1, ibid. 8. 2i3 11895; ('hr. BoliT, Z~'ltTU!b/.J: 

4.249 (1890). 2 G. Burn!:'r, Arch.f. (.lrl{tt, 1/,) 1894, p. 130. 
F. Marchand, rirdww's AreA. 77 . .(88 (1879). 

4 G. Hufner and J. G, Otto, ZeitS{'kr • .t: physi(ll. Ch~;ll. 7. 65 (1882); G. Hufuer. 
!)Jui, 8. 366 (1884); G. Ritfner, Arrh. j. (Anf.tt. N.) piLysior. 1~99, p. 491; R. v. 
Zeynek, ibid. 1899, p. 460. 

Ii Axel Ja(lerholm, &iisGhr. h. Bid.og, 16. 1 (1880); 20. 419 (1884). 
fl 'l'r. Ara.ki, 2eiisdJr.f..PlitPiol. ahem, 14.405 .(1890). 
~ A. Oamgl'C, ZcitMM::r. 'Biolog. S4. 505 (1896). • 
II Paul Diltrkh, SchIII.W.tdJerg'S Arch.f. experilll, Pat/lOt. u. PlmTlJlak,29. 247 (1891) • . _ 
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Qxyha:moglohin, it will also show the two :~bsol'ptiolt hands of the 
latter lying hctweell ]) and E (sep p. +1'10). (l:ay-Lank(',stcl',l Araki, 

and l\'len7.ies.~) In the extreme ,-iolet Gamgee has des('ril~ed :t band 
itlentic~\l with that founu in oxyh!l.'moglobin, and therefore prohahl) 
also due to Qxyha-mo_gioi>in. According to Gilmgec, the hand in the 
"iolet lies Letwet:n hand L. In ;rrcatly diluted solutiolts it is 
restricted to hetwecn K Imd H, in stronger solutioll it cxtelH]s tu 
.M, and in very strong onc,'" jllto the llItrayie,IeL 

Alkaline mctha.'moglobill pm;scf'SCS, itccol'dillg to ~lilderholm., three 
bauds, two 011 {'ither side of the I)-lillO, whi('11 frequently hc('0111e ('on
fluent, and a thinl at E. Their l"c:5pectin centres lie at 

AG02 ; A,)~\). 

In solution;,; so strung that t,}lC tv,:o tir . .,1 handR hecome cOlltltlCnt, an 
absorption-lJ'lIld if.; seen on the violet side of the D-line, which (')'oSi:les 
the D·line and extends up to the reo.:) This baml aud that at E 
cOITeSp(mU again with tho;,;e found in (lxyh<emoglohiu. y. Zeynek 
has examined alkaline methremoglohin solntiollf> spedro-photometl'i
cally j the ahsorption-qnoticllt 11lcasuJ'cll at the sume phce as ill 

oxyhremoglohin is I 'IS;:'; ; the ahfwrpti,-e power of methwllloglnlJill is 
therefore con::;jderably les6 than that, of oxyha:lIlogloLirl, 8. factor 
which mllY have to }Je taken into account under certN.in conditiolls. 

HaJdane has pointed out to the author that. llcutral llJctha:mo
globin solutions really consist (If a mixture of alkaline aud of acid 
mcthremoglobins, fur on faintly acidifying a neutral solution hy 
shaking with. expired air, containing about 4: per ccnt of ('Ot1 thc 
hand of alkaline kematin is wiped out, unle"s oxy- or llitric-oxide
hremoglobin he present." Haldane has also obsCl'ved that a met
hremoglobin solution made by diluting blood with water, if suhjected 
t.o the yaCUllJ1l, shows, as soon as the CO2 has been hoiled out., the 
.spectrum of alkaline meth::emoglobin. If air' is allowed to come illto 
contact with this mctbremoglobin solution it is reconverted into 
neutral methl'cmoglohin. 

Photo--methremoglohin is discussed under cyall-lll.etha:1llogIohin. 

[A.cid-JUlmlO(!lobinJ 

Hremoglohin is dissociated by stronger acids in a i:lhort time into 
hrematin and globin, but if feeble organic acids or exceedingly dilute 

1 &r-La.nke.~ter, Qllar/crill JOV?·/I. qf JJic. &. 10., N.S., 402 (lBiO). 
2 E. A. Mem.ir,,,; J"ltrn. rll'hllsiol. 17. 402 (1895). 
:I E: Ziemke (I.lld Frall.z MUller, Arch./. (Ana!. u.) PhyiW,z. 1901, SUPIJl. p. 17i. 
4 In this way oxyhremoglolJin may readily he demol1strated. 
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mjneraJ acids are allowed to act for a 11mited time on hremog]ollin there 
is formed acid-hremoglohin, according to H'l.rnack (see, howe"cr, below). 
Stokes ntl{l Hoppe-Seyler,l Preyer:: and Strassburg,:{ have considered 
Ha.rnack'r.; ncid-hremoglobin 4 to he metha·ruogJobin, and have supposed 
(hlnte acid" to :wt in the SI~me wa," as do potassium ferricyanide, 
amylnitritc, etc. 

Acid-hremoglo})ln, ftccording to Harnack, is hrOlrn, like metha-mo 
g}ohin, and resernhles the latter also greatly in its absorption-spectrum, 
but the h,md in the red lies more towards the red end, namely, on 
either slde e)f the C-linc, while the methwUloglobin band only reaches 
up to C; the Land of acid-hrematin, which also lies in the red, is still 
more to the red than is the acid-}w-'ffioglohin hand. Strasshllrg has 
pointed mH that the oxygen c.-'1pacitr of hremog]obin is inversely 
proportiollal to the amount of acid which is added to the htemoglobin; 
the greater the amO\lnt of acid, the less oxygen i" taken up, and Ham 
and Balean,fi ,,,rho have made a yer~· careful study of the effect pro
duced on hremoglobin hy the addition of different strengths of acid. 
ns all'cady sta.ted on p. 4i 4-, have observed that a strength of aeid 
c;w he fonnd 'which only displaces the carhon-dioxide, Jc/t'dng ox)'
hrellloglobill in solution. If, however, the acid is increased in strength, 
n small qllantity of oxygen is liberat,ed, and OIl spectroscopic examina
t.ion there is seen a faint bnnd. in the red, lliaced between the position 
of t.he luethremoglobin and acid-hromatin hands, but more nearly 
approa.ching that of aciu-hrematin; there arc also pres.ent the bands 
of oxyha:lmoglohin. If now' ammonium sulphide be added, the 
ha,nd ill the red disappears and those of oxyhremoglobin give place 
to the broad band of reduced hremoglohin, and at the moment of 
adding the u.cid, the dark bund of hremochromogen (i.e. reduced 
h:emadu) appears along with the broader band of reduced hremoglobin, 
lint the h[('mochrornogen hand rapidly fades, leaving only the ba.nds 
of reduced hremoglobin. Ham and Baleau believe this to be CO[l

clnsiye proof that on the addition of weak acids to oxyhoomoglobin 
there re::mlts a mixture of oxyhremoglobin and acid-hrematin, while if 
sufficient acid be addell to replace one-half o~ the replaceal)le ox,ygon, 
Duly one I5tl'ong hand, characteristic of acid-hrematin, is found. 

The author is therefore inclined to regard Harnack's acid-hremo
globin as simply a mixture of oxyhromoglobin and acid·hrematin. 

1 F. Hoppe·Seyler, rircJww's Al'ch. 29. 233 (lSii4); Zenlrulbl. f. d. lIIedi:.. 
11'L'lItlW,h, 1865, p. 65. 

:l W, Preyer, PJliiger'a 4f.t:ffl. f. d, ges. Physiol. 1. 3115 (1868) j Ilnd in Bl·1ItJ..'Tis· 
talle., Jena, 1871. ,~,Q .. "Straasburg, PflUger', Jlrch. f. d. gMl, Phys. 4. 454 (1871) • 

." E, Hp,rnack, ZdUCh'Y'. f. physWl. Clt""n. ·26. 558 (1899). 
,$ C. E. Halll and H. BalCIUl. JCtl·T1I. qf PhllsWl. 32. 312 (1905). 

,,;-~ . 
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The fact that 'acid-h::p·matln,' or as Cohnbeim puts it~ • :tcitl

lremoglobin,' is also formed by the prolonged action of CO
2 

i~ of 
special hiological interest in connection with UohI"s recent work Oil 
he dissoeiation of oxybtemoglohin hy CO2, as cxpbined on p. ·HlO. 

KrJ1h(eTtlIJ;!1,;1,ilt 

J\aflw/IIogloDiIi is a compound which y. Klavcren I helicyt:'s to 
&\-0 prepared hy the action of alkalies on ha~m()globin. It is inter· 
lcdbte between ha~moglohin and hml1utin, judged hy its sp('f'trllm, 
nd if'; probably a mixture of alkaline hrl'nmtiu llud oxyhtemoglobin. 
The "'thor.) 

Carbonic Oxide Hremogiobin 

Lothar Meyer in 1~~)8 was the tirst to ohsone that oxygen is 
eplaced in hremofrlohin by all f'ljual volume of CO. The first full 
ccount is given by Hoppe-Seyler:! in 18-64:. CO-hamlUglobin differs 

rom oxyh:;emoglobin in posseRsing a pinkish colour; the fmun 
; violet. The crystals are isomorphic with thOiW of oxyhienIoglohin, 
,ut arc darker und of a more Huish tint. Accurding to J;,rald,:; their 
,jeochmjsm js not. strong hut vc.ry prert;\.', 1ll; ,,-ith alteJ'f~d uleoIs 
he colour changes from a purple red to nearly white. lt~ absorption
',mels are very similar to those of ox.ylucmoglohin, but displaccd 
:Hne~vbat. neltrCl' to n; the second band is also less intense; mea
llreu at the same place as oxyhmmoglohin, the quotient of the 
hsorption-coefficient is 1·13, at:cordiul; to Hiifller a.nd Kiilz.4 So 
ifi'erellces were ohserved between solutiolls of CO-hremogiohill and 
resh hlood containing CO; neither was there any difference between 
he blood of different animals. According to Gamgee, a band lies in 
~e ·dolet between hand G; it is lJarrower thlln is the corresponding 
xyha~moglobin band and placed more towards the red enu. It.<. 
,mtre lies at )"420'5. 

Bock5 showed that the dissociation-curve of CO-hremoglobiu rises. 
ery sharply up to a tensioIl of about 0·5 mm., and afterwards vcry 
lowly. Hufner finds, with a tension of 0·5 mm. carbonic oxide, that 

hremoglobin-solution becomes saturated to 87 per ~ent at 31~. 
[aldane and Lorrain Smith G found that at 15'~ and a tension of 

1 K. H. L. v. Klaverell, Zeitscht·. f Ch('m. 33. 293 (1901). 
2. F. Hoppe-Seyler, ZentraJlil. j. d. lri.sS€1l8Ch. 18tH, p. 52; Med.-che-rn. Unter-

.cI~lUl{Jen. p. 169 (1867). 
a A. Ewald, Zeitschr.f. Bio/{lg. 22. 459 (1886). 
4 R. Klitz, Zeitschr.j. physiol. (;helll. 7. 381 (1883). 
Ii Joh. Bock, Zentralbl . .f. Physiol. 8. 385 (1894). 
6 J. Hald&ne and J. Lorrain Smith, Journ. oj P}iysiol. 22. 253 (1891-98). 

2 K 
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CO of '005 per cent of an atmosphere, or 0'035 mill. of Hg, a dilute 
hromoglobin solution became 98' pel' eent saturated with CO, in the 
ahsence of oxygen. See further p. 500. 

Haldane al~o showed that the relative saturating powers of carbonic 
oxide and oxygen are not altered h,r ttn increase of the temperature 
or increased saturation, while the ahsolute saturating power of hath 
~arbonic oxide ~LHd of oxygen are diminished by a rise of temperature. 

The mOSlt characteristic property of the CO-hremoglohin is its great 
firmness, fiS t,Le CO is only giveH ofl with great diffieulty to the 111000.
pump. Hiifncr and his pnpils 1 haw: repeatedly mwle use of this 
property for estimating the volume of the gas lmited to hremoglobin, 
and Hilfner's final estimate of the molecular weight of hremoglobin has 
been haseu on CO-ha:~moglohin, 

The great firmness of the CO-hwmoglohin is the reason why feeble 
concentrations of CO are ahle to displace the oxygen of the hremo
glohin and ·why carbonic oxide is so poisonous. This gas, by uniting 
with t.he hremoglohin, therehy prevents the taking ih of oxygen. 
BockJ~ Hi.i{n~r,3 amI also Haldane hayE' investigated the avidities of 
oxrgen :mrl carhon monoxide for h:.emoglohjn, one of the most interest
ing- examplc$ of chemical equilibrium. Haldane 4 has shown that 
s~~mptoms of CO-poisoning do not manifest themselves, as long as the 
bod.\"' is at rest, till the CO, in otherwise normal ail', amounts to about 
'03 per cent, while urgent symptoms are produced , ... ·ith amounts of 
0'2 per cent of CO. In fatal cases of CO-poisonlng,!" the blood is 
uSllall~' about 80 per cent satumted \\'ith CO. In reco,'ery from CO
poisoning the CO is driven off, fairly rapidly, through the lungs-none 
of it is oxidiscd. The supposed oxidation of carbonic oxide in the 
Eving l,ody has been discussed by Haldane/' 

Identification by the spectroscope is not easy, as the absorption
bands closely resemi'lle tnose of oxynremoglobin, but two methods aUow 
of its ready recognition, namely: first,Iy, the addition of ammonium sul
phide or Stokes' reagent, which produces no change) while in the case 
of oxyhromoglobin they convert the latter into reduced hremoglobin 

1 Johll Mu.rsh(l.U, Zeitschr. f. physiol. ehem. 7. el (1882) : R. Klilz, ibid. 7. 384 
(1883); G. Hiltner, Arch./ (Anat. tl.) Physiof. ]894, p. 130. 

2 .Joh. Rock, Zt'ntmlUl. f. Pkyst"ol. 8. ;:l85 (1894). 
3 G, Hufner, .-:{rdl. /. (An«l. 1[.) Pltysiol. 1895, p. 213; Ardt. f. ezpel'illt. 

Paa,. il. Plw.rm. 48. 8i (1902). 
J J, HaJdan~, JOltMf.. of Pkysiol. 18. 430 (1895) ; .~see also tlle older papers by G. 

Rufuer, Arch. j, (A~t. 'Ii., Phl/.'Jiol. 1895, p. 218; H, Dl"fs(ll", &11'll"iedeberg'$ Ardi, f. 
",~perim. Path, u. Plw.'f"/h. ,29. 110 P89l); F. Hoppe-Seyle:r, Zmtralbl. j. d. 'lJUd. 
JVi.£fe?lsdl. 186-5) ~ t)~; ,$~ehr. j. phywil. Ofrem. 1. 121 (1877). 

5- J. Haldane. .rmmt. 'w Physiol. 18. 4~0 (1895). 
6 J. Haldane,. ,ibid. 25. 225 (1899·1900). 

-~. 
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with its characteristic spectrum, as pointed out by Hoppe-S<,yler; land 
st.~ondly, dilution of the suspected blood with "'at-cr, as recommenued 
h.,~ Haldane. Yogcl 2 W:iS the first to nsc very dilut<{, hremoglolJin 
solutions RS a qualimtiye test for carbollic oxide ill air. Ht' shook [l. 

small quantit,y of very dilute "blood ill a small hottl(' filled with the air, 
and subsequently added ammonium sulphide. If the twu hand" of 
oxyhtpmoglolJjn were still present, then CO·hoJ-'mo,fdohin h:td heell 
formed. By thi,,, means he detected ()-:33 }ler ccnt of carhonic oxi(h 
Rempel,3 by bubhling It large Yo1uuH' of ail' through It small quantity 
of blood solution, detectt>d up to 0'06 per cent of CU in air. Haldane's ~ 
method allows of detecting and estimating as little as 'Ul per cent of 
carbonic oxide, or 0'2 pCI' ttl! r:- of eoal-gw,; :', 11 clenn :wd dry hott)c of 
100 to 200 <:C, capa6ty ha~ sllckctl throu;..:h it ~ tl> :3 litre" of the sus· 
pected air; the hottle if, clused by H, uoulJly perforated cork, soaked ill 
paraffin and titting hermctie:111y, nut! pa,,:,;ing thl'oug,h the cork are two 
piect's of glass tubing, e3.ch with II s}lOri piece of llldill'l'lIhher tubing, 
with a glass rod at the free end to ,Let a.,; a RtoPI)er. For the deter· 
minatiuIl llf the CO in the all', dilnt(· ahout G ce. of a solutioll of 
defibrinated ox-hlood to 20\) with Wlller, alJd introdll;:e tIw diluted 
blood into the bottle, takiJlg tht' following IlI'ccandon:;.: HClilove one 

of the glas;;; stoppers froru the india·ruhl.er tubing, pinching the latter 
a.ll the time; HOW insert, the llivctte ·with the 1,}00(l solution into 
ttw india-rubhm' tubing I.tnd allow the 1)100<1 to tlow into the bottle 
by removing the gla8s rod from the (ltheI' piece of iuciilL - rubbm' 
tnhillg, 8.S hereby sufficient air is ul!owed to escape to Jimilli"h 
the pressure inside the bottle. After the 1>100,] ha15 flowed llito 
the bottle, replaee hoth glass rods in the indilt~ruLber tubing, and 
shake the bottle fairly vigorously for twenty minutes. 6 A standard 
solution of carmine is then used for titration, It is made hy diluting 
a strongf'f ammoniaca.l solution of ca.rmine until the tint is such that 
when the solution is mixed with an empirically found proportion of 
the 'f) per cent blood solution the tint of the mixture exactly resembles, 
both as re6rards quality and intensity, a ~olntion of similarly diluted 
blood when saturated with carbonic oxide or coal-gas. The titration 
is performed by daylight in two test-tubes of equal diameter, and 
ahout 6 ce. of the standard carmine solution are required for 5 ce. of 

1 F. Hoppe·Seyler, Zentralbl,f. d. mUl. WisscJlsch. 1865, p. 52; Zeitlchr.j. phySUll. 
('hem. 1.121 (1877). 

\) Vogel. ner. d. deutsch. che'J)~. an. 10.;92 (lSii); 11. 235 (18i8), 
3 Hetupel, Ze-itsch. J. a1W.lyt. Chem. IS. 402 (1879). 
4 J. Haldane, J(JUrtl. ~r Pkys-wl. IS. 464 (1895). 
~ Th", latter contains ou an average 5 per cent of CO, aCClOl'ding to Haldane. 
I) J. Haldane and J. LOlTlI.in Smith, JOWr'Il.. oj PhYlJiol. 22.233 (189i). 
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hlood solutioll, the exact proportion depending on the quality of the 
daylight at the time. The diluted carmine solution should be prepared 
fresh when required, I'S its ("olont" distinctl.,· loses its strength when 
kept for :1 few day!';. 

From the results of t he titration with carmine solution the per
centage satUl'atiofl of t}w hW'l110kllobin v,ith carbonic oxide may lle 
easily calculfJ,ted ill the manner illustrated h.l' the following example; 
To ;) CC. of lljood f;;ollltiou 6'2 cc. of standard cUl'miue require to he 
!Ltlded to produce the siitnmtiotl tint. To!) co. of blood solution 2'2 
ce. of carmine rC(luire to he a(lded to produce the tint of blood solu
tion shaken with the air uwlel' examination. In the former case the 
carminp was in the proportion of 6'2 to 11'2; in Hie httor case jIl tht' 
IH'Of)(II"t,jOIi of :?:! to 7·:::!. The .<;rtillnttion of the ht{'mo· 
globin in t.he hJ()(Jd "h:di:ElU witb 

\\Tith O'Oj per ei.~nt CO in air, lm~mot-",lohin becomes half saturated with 
CO. Acc\)rding to this result., the ~t\"idit.Y of CO for hi't'lllogiohin i:,; 

:~OO times gl'ea.ter thall that of 0:::, HaManc., in some as yet unpuh
lislwd jnYestigatjolJi~, has found that -with more prolonged shaking 
hlood or blood solution becomc.:-; hnlf satumted with only (,.055 

per cent of CO, which shO\vs that thp ,dfinity of CO for hremoglobin 
under perfectly normal eonditions is ahout 3-"0 times greater than 
tlmt of O~. The dissocia"tion-cUl"Yc, according to Ihlcbne's present 
views, is giycn on the opposite page, 

Ca.-rhoxyhamlOglobin differs from oxyb[£>DloglohjJl Rho as regards 
the ease with which it is converted into metha?llloglobili. It is not at 
all act.ed upon hJ" bydroquinone and pyrocatechin, according to ll'eyl 
:-md Anrep,l -while oxyhremoglobin is rapidly converted hy these 
reagents into mctha:moglohin; iodine-potassium iodide takes four 
days and potassium perroanganate twenty-four hours to form met·
hremoglohin. 'Vith a lmmoor of precipitating reagents, such as caustic 
soda, caustic soda. and calcium chloride, tannic acid or ferrocyanic acid, 
CO-htemoglohin preserves its beautiful colour for a long time, while 
ordinary hmmoglohin is rapidly changed into a dirty brown or green 
colour. (Hoppe-Seyler, Salkowski,2 and \VahP) The same is also 
the case with sulphuretted hydrogen, which, aceordhlg to Salkowski,4 
rapidly deeomposes oxyhremoglobin, while 'carboxyhremoglobin and 

1 T. Weyl and B.. v, ,A.llrep, Arch.f. (Anal. 'It.) Physiol. 1880, p. 227. 
~ E. Sa.lkowski. Zti4ehr. j. physiol. Clwll-iI'~ 12. 227 (18&7), 
~ F. Wahl, Pjlii{,er'$ Al·ch. f. d. gu. PhY$Wl. 78. 262 (1900). • 
I E. Sojkowski, Zt:itschr.j. p'lysiol. efu:m, 7. 114 (1882); 27. 319 (1889) . .. 
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reduced hrumo(!lohin may preserve thf'il' colour and absorption-hands 
indefinitely. Haldane and Lorrain Smith 1 stntc that carhoxvh<l'lllO
glohin m1l5' he recognised ill dilutions of 1 : 1,OOO,(I()O, if ox~·!.:!:ell he 
ItLsent [Lnd tbe cfii:'ct of CO (In h::l:'[Ho~dohjn lfe therehy increa,,~(l. 

A CO-hwll!()globin compound analogous to l1lcthH'llwglohin does 
not. exist.'" 

CO-hlllmochromogen 

Pregel 3 has shown that hWTnochromogen l)inds O~ morc firmly 
than CO, and in t,his it differs from kemoglohin. Acet1l~nH1till fn'cIJ<1red 
by Schalfejeff's method 4 and rOCl"!'stallised with qninille, according to 
Kuster/' is reduced with hydrazinhyuratc in a specird apparatus which 
prevents the access of air; is saturated with CO, I, and precipitated with 
a saturated solutioIl of 80dium chloriJc, saturated with ro. 

CO-hremochromogen resemhles CO-htcmog]ohin hy being decomposed 
with potassium ferrieyaniJe. Each atom of Fe binds 1 .'ltom of CO. 

CO-hremochromogen contains for 1 Fe not 4- hut .fJ .N, because of 

I J. HaJdane amI J. Lorrain Rmith, Journal r:f Ph!/si/)l. 22. ~fi3 
'2 H. Berlin·Sans tnd J . .\roites~ier, ihid. 113.210 (ac(.:ordillj! to Jlful,,/IJ 

f. Tie'1'cllem. 22. 
~ Fritz Pregel, Chon. 44. li3 (lP05). 
4 Schalfejdf. BeT. d. 18. ~\h~tract 232 (1885), al~o 

(!hem. 30. 390 (1900). ~ Ku~ter, Zeifs. J: }Jnys. C1WT/!. 30. 391 
6 Prepared from oxalic acid awl WIIC€Iltratt',l Il):50{ and preserved over caUl~tic 

potash solution. 
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a !udt-lil{c combination formed hetween the blood pigment and the 
dilute ammonia, in which hrematiu \vas dissolved before heing reduced 
with hydrnzin. The same observation WitS first made hy Zeynek1 

Carbohremogiobin or CO, Hb 

Under this name Bohr 2 has described a nnmher of loose com
pound:::; formeu het.\-een differ£'Ilt amounts of CO" aml It given 
quantity of hmffi<1globin. None of these compound~ hl~S, howe\-er, been 
prepared in a pure state. According to Torup,3 carbohremoglohin 
sho\\'" an ahsorption-ha.nd at AG53, while tlw hand of redtlced hremo
gio])jn possesses its maximum int,ensity at A;:)59. Cohnheim says that 
CO:Jlh cannot he d8.ss(~d along with t'udJ compound" as COHb or 
KOIIh, hecause CO2 and 0:: do not mntmdly replace one another (see 
helow), and as the power of absorhing CO:! is eyen greater thall that 
of Ilni6ng with O~_ The C:O~Hl) dist'ociates eyen more readHy than does 
oxyhmmoglohin. Bock I nnd 11011' have further pointC'l ant that both 
CORh and ~Ietnh can j)ind CO,~. O.)i1nheim believeiS that, !w.·mo
globin is partly cOIlYerte(l into 'acid-hremoglohin' by the action of 
r02• hut acid-ht(,llloglolJin, af3 pointed ont on p. 496, being in all proh
:tbility ;tcid-hrematin, it would io11m\- {,hat CO., lS able to caUFSe a tem-' 
porary di8sociation between the h~matin and the glohin radicals, a 
point of great interest in connt'ction with the CO2 carrying-power of 
lU\'Uloglobin (~lann). That CO~ aud Oz under certain conditioJls 
do react UPOll O1)e another has heen . .,how}} hy Bohr and bis pnpils, 
see p. 489. 

Nitric Oxide-hremoglobin 

Hoomoglobiu forms also a. compound with one molecule of nitric 
oxide, NO, ,is first described hr Herma.nnJ' The affinity of NO for 
ha:moglohin is eVI;Il gre~~ter than that of CO, and therefore CO is 
driven ont of its comhination with hretnoglobin by NO, a fact which 
Hiifner, Kiilz, a,nd Marshall have made nse of in determining the 
amount of CO in comhination with hremoglohin. 

Kisskalt (i first noticed that meat becomes red when it is boiled in 
water containing a nitrite, and suggested that the red colour of salted 

1 Zeynek, Zeitllchr. f. physiol. Chen;,. 25. 4.92. 
'2 Chr. Bohr, Fe81~chrijt fiir Lwhtrig, p. 164 (according to Maly'J JaJmsber. f. Tw-

clUJ)J,. 17. lHi) (18S7) ; Skandinav. A.rck. f. Ph-ysiol. 3.47 (l891) j 8. 161 (1898). 
3 Rophus Tomp, Afal"'$1ah:r~ber. f. Tierch('flll,. 17. 115 (1887) • 
., Joh. Bock, ~. Arch./: Physio/,. 8.'363 (1898). 
Ii 1. HennauD, ATth. /. (Anat. 1t.) PhYfJv:Jl. 1865, p. 469. 
6 Kis$kalt, Areh.f',~inl-e, 35. 11 (1899). 



NO-HlEMOGLOBlN 503 

meat might he due to the preSe11CC of nitrite, and Rohert 1 att.ributed 
the red colour to a union of nitrites with methremoglohio. Haldane 2 

then showed that the colour of uncooked red meat is simply due to 
pure 1.\'"O-hremoglobin, while ill hoiled ment it is une to NO-ha>mo
chromogen. Nitric oxide first reduces h~matin to hreIDochromogen) 
and then combines with the latter. ~itric oxide-h::cnlOchromogen wail, 
first prepared by Linossier 3 by bubbling nitric oxide through 
h[Cmatin solutions. A(',cording to Haldane, KO acts on oxylHemo
giobin, rCflnced brcmoglohin, and methromoglohin in this way: 

(1) Hremoglobin readily combines either ,,,ith nitric oxide to form 
:NO-h:emoglol)in or with nascent oxygen to form methremoglohill. 

(3) ~itrous acid easily yields up simultaneously nit,ric oxide and 
oxygen. 

(3) Xitric oxide readily comhines 'ivith either oxygen or hll."mo
globin. 

If no extraneoUS oxygell is present, tiS when reduced hremoglohjn js 
acted on hy the nitrite, hoth the nitric oxide and the oxygen yi{.:ldeJ 
up hy the nitrite will comhine with the hrenHJglohin; and a$ far 
more nitric oxide th::w oxygen is yielded up, more XO-h<ellioglohin 
than mcthremoglobin will he formed. On the other haud, when oxy
hremoglobin or methremoglobill is acted on, the nitric oxide will he 
free either tc combine ·with h::emogIobin or ,,,ith the extra oxygen 
available, and a balance will be struck depending on the relative 
strengths of the yarlOUS affinities. The conversion of nitratefl into 
nitrites is brought about hy the tisslles themselves, as they contain a 
redncing suhstance which acts even in the presence of antiseptics. 

NO-hmmoglobin forms crystahl ·which (1l'e isomorphic with those 
of oxyhremoglobin; its solutions are bright red and do not 
exhibit dichroi.~m, accorJing to Hermann. NO-bremoglobin shows 
two absorption-bands which are less defined than are those of oxy
hroruoglobin, and the band near D extends beyond D towards the 
red; 4 the absorption-band in the violet is tbe same as in t,he case of 
CO-hremoglobin, according to Gamgee. XO-hremog]obin is as difficult 
to reduce as is CO-hremoglohin. 

Haldane, Makgill, and Manogordato 5 ha1'c shown the poisonous 
action of nitrites to be due to their action on the hremoglo1Jin, and the 

1 R. Kobert, Pfliiger's Arch. S2. 603 (HIOO). 
\& Haldane, JQlI.rn. of Hygielle, 1. 115 (1901). 
:J Linossier, CO'Inpt. Rend. 104. 1296 (1881). 
'" Haldaue, Journ, of HlI{/iene, 1. 115 (1901). See aMO R. Kobert, Pjluge,.'3 A:rcJl~ 

82. 603 (1900). 
5 J. Haldane, R. H. Ms.kgill, and A. E. Mavrog()rdflow, Journ. of Ph-ysWl. 21 

160 (1897). 
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consequent l'nraJy,,;js of the oxygen-carrying power of the hlood. In 
('om pressed oxygen this actio1l is al;olisheo, .and t\-ith very large (loses 
nitrlt(.',-, then nct ,,is c]jn"ct l!OisoJ)s toO Ole tj8snes. Nitroglycerine, 
)lin())H~nZl'J)C, and h,nlnn:,rhmiu act ill mice ~Hld rahbits as direct 
ti;-,:,;IW l}()j"ons l,eforc prod llcing s,ymptoms due to the decomposition of 
the lwmlOglobilL 0)' tu nitrjte formation. Dinitrohenzellc decomposes 
tIl!' ha:llJfJglohin into a P!'O(]ll(·t which i8 iIlC<ipahle d carrying oxygen. 

Sulph-hremoglobin 

I [qpIH!-Seyler 1 first ol18cncd thnt hy the aetioll of H}:-i un 0xy

ha:m()~lohill the bll'llloglohin molecule is dcstroycu, there llcing formed 
a greenish compotllld ,,,,hich Amki :.' 1MS calle(l snlpho-metbremoglohin, 

I It> also descrihe,1 a t.rue ~ulph-hrenj()g-lol)in with higher sulphul'
{'()l\Wllts awl with ,Ul absorptiull-hand ill thd red,:' but the real 
cxplallation we nwt' to IbrnadL~ By tIle aetioll of H::S on I'E'tlnced 
h:l'llIuglohill, snlph-h:t'HlOglohin if; Raid to lw fOl'mp(L hnt it hILs not as 
ret 11cen pl'cpan:d in a pure stnte. It exhihits the ILl)~ol'ptjon-haTld 

of redncpd lw.:nwt!lohin ill the ~rccn, hut in a(ldition a distinct band 
in the Ol'ang;e-rcd, between C and 1), hut Hearer to C, without, howI_>yer, 

I'P<t('hing this line: it lies t.hercfm'C' C'oTlsiderH,hly more towILrds the 
violet end than do the bands of metha'moglohin OJ' of h,1'matin On 
{'ollv('rting htl:'moglohin into sulph-bteulOglol)in the solutiOIl becomC's of rt 

uaI'ker l'()d. lIarn:wk I)1'OYcd that we al'e really dealing with a compound 
of h:1.mlOglohin with H~8, and that neit.her 'acid-ha-'moglohin ~ (see 
1), .J!);)) nor methft.>moglobin give rise to sulph-hamlOglol)in. \Yhether 
hn_'moglobin can he regenerated from it::; H 28 compound ('ouItl not l.e 
(letermined, hut. is prolm.lJlI·, If H::S act~ on oxyha>moglobin or on 
baimoglobill in the presencE' of ail', there is also formed at, first sulpb
h::emoglobin, hnt. this is Bucceedpd by n. complete decomposition of the 
hrt·moglohin, h>.itdiug to complete disappcarance of all typical ahsorp
tioll-lmnds of ha>moglohin. Araki failed also in obtaining normal 
h,ematill. The 'decomposed solution is of a dirty greenish colour, 
but the latter does lIot depewl 01\ "ny definite coloured substance. It 
has been suggested thltt the decomposition ls due to rapidly alternat
ing processes of oxidl~tion and of reullctioll, owing to the combined 
action of 02 and H 2S. (Cuhnheim,) 

1 F. Hoppe·Se~·ler, Z('ldrftrbl.j. d. IIII'd, Wlssf/lsch. 1863, :Sr. 28. 
'1 l'rasaburo Araki. Ze-d_schr.J: l,ft.',.',I:OI. Chcm, 14. 405 (1890). 
3 _F. R()ppe·S&y'1~. ~llrd.-dum. lJn[(~r.\-ucll1mgnl, p, 151 (1866). 

~ E. Ha.rmtclt;" Ztitschr. f. physinL. Chef!!. 26. 558 (1899j. 
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Cyan-methremog!obin or CNHb 

.Kohert 1 showed that u. substance which he rans (,yan-metlHl.'mo
g-101lin IS formed hy actin~ with b,ydrocyanic acid or one of itR saJts 
on a 8.olutioTl of met,ha.:moglohill. In doing so dw Lrowll solutioll of 
met.ht-emoglobin is changed int.o a hright-red colour with a Ji5t1nct 
~-el1ow tinge specia'Jly well seen in thin layers. 

Halda11c::! has ShO\\,11 th;1t c,YllTHl1rthK·moglohin is identical with 
ReIck's 3 IJllOto-methremoglohin. The formation of the latter if', not 
directly cine to the ncLioll of light on mctll;t'mo~dollin but to the 
action on metht,-'mog:lollin of hyarocyaulc aci(l1iheratt'd in ('onseqlleiH~e 
of the decomposition, lJY the action of light, of ferricyani(le present 
in the l1lettu{,nJoglobin, for IJhotn-meth(l:>n1og101)ill is 0111,)" ohtained from 
metlw'moglohin in the preparation of whieh ferri('yanide has heen 
nsed, as, llotwithstanding l'cpeat011 crystallif;atioll, fefI1c,ranide cannot 
be got rid off. The HC~ liherated hy the action of light [lctR on 
methremoglollin. It does not disl,lace the oxygen of the latter hut 
becomm; linked on to some other radical of the hH'nlnf!l(Jl)in or IHemo
chrollJogen molecnle. \Yhen the nxygen if, taken out of Lhe ryan

metluemoglobin llIolccnle, the eN is eliminated als:o, hllt 1I0t, so if' 
the oxygen i~ taken oni of the cyanh:vrnatin molecule. 1£ hloou 
solution., to \vhich fcnicYlmi(le has heen added, he allowed tn stand 
for two or three days, c,}'all-metLa:mogl(1)in is fOl'm(,d ill cnm;crjlwnce, 

perhaps. of putrefactive changes l('u.ding to decompc)sitioll of the ferri· 
cyanide. Amylnitrhe fielded in exees);; DHl.yalso gh-e rise to the C8-
bremoglohin ,spectrum on acconnt, doul)tless, of the prCRcnee of traces 
of B C8 in t.he reagcnt. 

Hoppe-Seyler's eranbo'Bmatln 1.'" not jdentjcal 1vith c;ran-met.h:emo
globin) as asserted hy Szigeti. oj. 

Cyannrewatin, accordjng to BILlalwe. is formed hy a.dding an 
excess of cyanide to tHl alkaline .;;;olution of ha-Jmatin. Its spectrum 
is narrower and less diffuse than that of cynn-methff'rnoglobin. On 
the addition of ammoniulll sulphide to cyanha;matin the spectrum is 
changed immediately as the single hand is r('placed hy two ba.nds, 
resembling those of oxyhremoglobin as regards position Il,nd relative 
breadth, but the t, ... o bands are not >;0 well separated M in oxyha~mo
globin, and they are also slightly nearer the violet end of the spectrum. 

1 R. Koben, Cyanm~thiitnor!l()l)in und iter Xachwei..s der ]JlalN;{illfC, Stnttgart, 1891; 
PjW .. ge-r's Arch. 82. 603 

2 J. Haldane, J01lrn. of 25. 230 (1900); see also R. v. Zeynek, j}eitsdtT. 
f. pk!lswl. Chem, 83. ·128 (1901). 

3 J. Bock, ._W:aruliMV. _.oj 1M. /' Ph?lsiut 6. 229 (1895). 
4 Szigeti. Afa1y's Jahresb. 1893, p. 620. 
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The spectrum is that of a reduction-product of CN-hrematin, ana is 
not that of bJ'eIDochromogen, as asserted by Szigeti. 

Cyan-mcthremoglohin, according to Haldane, gives a spe.ctrum 
resembling that of reduced hremoglobin. It is not chatlged at first 
visibly by the addition of ammonium sulphide, but on warming the 
solution and allo\villg it to sta.nd, the cyan-meth::emoglobin is gradually 
rednced to hremoglohin. 

Cyanht\'matin and cyan-methremoglohin agree in not heing ail'ected 
in a,ny WILy hy a vacuum (Haldane), 

v. Zeynek l bas oht.1.ined cyan-methremoglobin in crystals, and 
has nlso examined. it spectra-photometrically. In neutral and alkaline 
solutions it shows a broad band in the green which possesses 
its greatest intensity of absorption at 1\.5.15, while reduced hremo
glohin shows the maximum ahsorptlon at .:\54-7, according to Kobert 
and Y. Zeynek The absorptioIl-coefficient measured at RiiIner's 
place equals 1'29, according to Bock and y. Zeynek. 

Cyan-metbrcmoglollin contains one mole(jule of HON (=0'11)8 per 
cent) for one molecule of bWlUoglohin. It. is couvertell into hreIDo
glohin not only by reducing n.gent·s, hut. als() by putrefaction. 

Azo-imide Methremoglobin 

L. Smith and C. G. L. "~Olf2 have st.udied the action of azo-imiue 
X 

01' hydrogen nitl'ide ~i "/~-H, which is the only substance known, the 
N 

an-ion of which is comp()sed of a single N-atom. It resembles hydro
cyanic acid in its properties, and forms with methremoglobin a com
pound resembling that formed by HeN.s 

Acetylen-hremoglobin 

This compound has heen described by Liebreich and Bistrow..J. in 
1868, but probably does not exist, :lccording to Gamgee.5 

1 R. ~. Z~:rnek. Zeits~hT.,f. physirJl. CMm. 33.426 (1901). 
2 Smitll and Wolf, Jo-U'I"II. (if Ked. Rf'-seurck, 12.451 (1904). 
;1 Ab~tract hy Ahlberg in Zentralbl.f. Phy~id. 19. 41 (1905). 
"' O. Liehl'dch all(l A-. Bistro\\" P>eT. d. dl!1dsrA. ekem. Gt$. 1. 1. 220 (1868). 
:'> Gamgee, ScM/ds Text-book of Physiology, 1. "'-142 (1898). 
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THE 1>ISSOClATIOX'PRODtiCT~ OF H.EIlIOUUHHN 

On fl,dding to a salt-free solution of [litre h::emoglohin <l few drops 
of vcry dilute acid the h~€moglobin is split up into glohin and ha'matill, 
according to Hoppe-Seyler,l Stokes,~ Preyer,3 ~chnlz,4 and Lawl'f)w.-' 
Httrnack'g intermediate 'acid-htemoglo})jn' has already been di,"('ussed 
on p. 495. The' gloldn' of Schulz is prepared as foBo\ys :-A salt
fre~ luemoglohin solution is uissociuwd hy a litt1r acid; tbt!n alcohol 
and ether are added. The brematin pl~5.Ses into tht~ ether, while tbe 
globin remains in thr watery alcohol S(Jlution, Other ohservers 
have proceeded !'!imilarly, but if glohin is not wanted as such, salt 
may be added, the salut,ion may be boileJ, the amount of acid be 
varied, etc., w"lwn instead of glohin there are formed acid-alhumin or 
even more remote transformation-products. \'. hcynek /j hrought 
about diE)sociation with pepsin-hydrochloric acid, when the alhl.1mlll is 
diss(lcia,tefl into p('ptoJ}('s, 'whik the kf;matin sC}larate::; ont as an 
insohd,le mass. 

By stronger alkalies, or by boiling, hremoglobin is illso fiplit up 
into hrematin and albumin. According to Schulz, 100 parts of hremo
globin give rise to 86'5 parts of globin and 4'2 parts of brematin; of 
tho nnkn(Jwn remainder a certain fraction helollgs to the gioJ,in. 
l~a"Tow found 94'00 per cent globin, 4'47 per cellt hrumatin, and 
only 1'44 per cent unknown hu(lie~, amongiit which he could demon~ 
I3trate fatty acids and ammonia. Hoppe-Seyler, on di8sociating hwmo
globin, has also observed the occurrence of formi~, butyric, ano other 
acids of the fatty series. The union between glohin and hrernatin mUf)t 

be an exceeuinglr feeble one, as t.he minutest traee of an acid at once 
causes dissociat.ion. Notwithstanding this readr Jissociation, we are 
dealing with It true salt formation, as the globin may be replaced by 
egg-whlte, according to Ham and Baleau,7 who helieve hrematin to be 
an acetyl-compound or similar derivative, but see p, 509. The union 
between the hrematin and the glohin, according to Hoppe-Seyler, is 
a.n esterlike one, and RUinerS also holds that the globin and htematin 
are kept together hy one of several atoms of oxygen acting as the link. 

1 F. Hoppe~Seyler, nrc1lOw's Ai'Ck. 29. 233 (1864); Zt:ntralhl. f d. Ml-d. 
1Fissensclt. 1864, p. 281; 1865, p. 65. 

\!. G. G. Stokes, Pkil()8Uph. Magaz. 27.4 Ser. 3SS {1864,. 
;I W. Preyer, PfW(fer's Arck. /: d, !]esa'rliM Physfol. 1. 395 (1868); Die Blutkris-

tGlle, Jena, 1871. iF. N. &hulz:, Zdtschr.j. jJkyliial. Chem.24. 449 (1898;. 
5 D. !Awrow, ibid. 26. 343' (1898). 6 R. v. Zeytlek, ibid. 30. 126 (1900). 
1 C. E. Ham and H. Balooll. J(fIlrn. 0/ PhysWI. 32 . .'3'12 (H/05). 

8 G. Hlifner, Arch. f. (Anal. u.) Ph!JsWl. 1899. p. 491. 
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Ga,mgec 1 has Hoticeu all elpetrolytic dissociation of hremoglobin, but 
was uni~hle to exclude ::;eeondary action due to formation of acids. 

grematin and its Derivatives 

HR~matin is thc 1lon-prDteid eou:'>tiruent Df ha'hloglobin and con
tain,,; the iron as a ferri-compound, It ii; a pyrrol deri\'ative. B.S has 
heen shown hy KiiRter~ and Noneli:l and t.heir pupils, All investiga
tions into t,he chemical structure of the noncrYRtalline h,{'matill start 
with ha'min, which lllay he r('adil~T olltained in crystals. According 
to Nencki, h~f'mill is fanned from hwmlltin hr om' Ol{ group of the 
laUer hc('omillg replaced hy Cl. 

KiL<;t,cr's-l late"t, investigation<; (sec p .. "11i) haying l'hOWll that 

llll'matill haf; the formuh 

G"R,,",C1FeOc,' 

the eonn~rsloll of hff'nmtill into iHcmin "wo11h1 lw expressed hy the 
forrnula 

The IwaJrscs of :K cllcki fwd Sidlcr, G Cloett,'l" (\ Ho:-:;erJfdd,'" BiaJobrzeski, t> 

:Jliil'IlCl/ ". ZeYlJ(C!k,111 (tnd the older ones of hilster 1; gh'C [t someu'hut 
Jilft'l'cDIi composition. For a long time tbe f0t'111Uh (\~H:nCn\'l-FeC\ 

ba.s }WCll jJl nse. 12 TJw chief l'('ason for the,;/..' differences is not lihat 

J A. G,lTIwce, 

\\'. Kn~h-r. 

R"/I. 81)1'. 68. :",03 J~jOl\; 70. iH 
,la" JI(wndill, JI,Ii.J!l:t,dil/l/ss,)Il' .• 

(J"IItscl,. !'IIi'III. li('.I'. 29. 1. ~~1 (l~%1: 30. 1. 10;, (lS!)i): 
('linll. 28.1 (18\'9\; n, Hl1fucr rind M, K,;lI,', ihid. 28. 34 (18f19); 

RfJ", If. Cht'1fI, Gr." 32. 1. tii1-\ (1S01"l\; 33. III. ~021 

11. 11){)::): 35. III. 2948 ; Lidi/':;'s _·JlltW/f',I. 315. J74 
('/(1'111. 40. :'191 alHl (1903): M. Klille, ni.~s('rl(!ti(ln. 

Xe1wki l\IK\' -:\. S,ili'.\oe-r .• lr('hh /. o·},aim{'Jti. P«(lIwl. 1(. J'lln.Till. 

(1~';8\: ::\1. XCll('1.i and .• 1. Zale~ki, 1ft'it,I'ehr. ,t: j,1r,li . .;iol, C/',1II. 30. 3:-4 11. 
{'\('l/Cki <l.!l,l .1. ;hle~ki. Rh', rI. rI,'/llscli. dmll. aes. 84. 1. 997 (lfWl): !If. and 
L. )1nn'hlL'\\~ki, il,ill. 34,11. HiSi (19()1); .J. Zall'~ki. Zrihdu·. Clt"TI1.37. 
5-1 II, Rteudlll, Uhem. 15 (1902); 
~. lrl02, Xr. Mi. 

f!/lRIil. 40. 391 (1903). 
d. drvtllcli. dll'l1O. (;('.s. 17. II. 22iO (1884); Ardl. 

; 20. 3:2.5 (1885); 24. -130 (1888). 
7 M. Rosenfelct, ibid. 40. 13i (1898). 

cli.em, (.'CII. 29. III. 2842 (1896), 
Tierclumie, 27. Ufo (1897). 

l~ E. ". Zey"llo'lk. 25. 49~1898). 
l~ W. Klister, Be-r. d. ('hem, Ges. 29. 1. 821 (1896). 
l:': M. Nencki' and N. Sieber, B('T. d. deutsch. chcm. (ler;, 17. II, 2210 (1884); Arch. 

/- expn-. Prf/h. 1t. Ph.gn;p.. 18. 401 (1884}; 20 325 (1885); 24.430 P8SS); E. v. 

Zeynek. ZritscRr.,f. physwl. Chern. 25. 492 '(1898); w. Kti~teI') Ber. a.. dC1dsch. chem. 
Gu. 29. I. 821 (1896). 

',," 
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hremin has the tendency of crystall:ising with portions of such solvents 
as tl,IDy]alkohol, acetic acid, et.c., as believed hy Nenrki nnd Sieher, 
and Schalfejew,l but is due to impurities, according to Klister (Rec 

p. 517). SchalfE'jew had also observed the presence of an impu;ity 
which could only be removed hy repeated rccr-ystallisation. 

Hltmofoporphp1·in.-By the action of [tcid8 under certalll eondit,illllfo 
described helow, lW2'mntill is deuomposcd into a felTous salt :wd the 
iron-free compound called ll<cmatoporphyrin. On dissoking, foJ' 
e'Yilmple, h[tmatin or h;pmin 1n 13trong snlpburi(· acid, and then filteting 
the mixture through ashcstos, a clear purple-red solutioIl i" ohtuined. 
Another method of preparing hcl'matoporphyrin, namely, that of Hopp{" 
Spyler,2 is to enclose lnt'matil] Ot' ha:~mill JiS80l\'cd in strong IlCI in 
a sealed tuhe and to hellt the latter up to 13l(. Neneki and ::';icher 3 

act on hamlin, first at ranm temperature anJ thCll 01! the water- lmth, 
witb glacial acetic acid saturated witb hydrol)romic acid. Ac('ordinf!_ 
to Rchnlz .. and Hoppe-::)er1er-Thierfeluer," h:emochromof::cH, i,l'. reduced 

luematlll, pas1:ies readily into ha>nvttoporvhyrin on Leing treated with 
dllute acjd.B. B.Y tbese mean.,; are ohtniJH·ll purple OJ' deep red soJution~, 
which deposit h,ematopol'phyrin on heing diluted with ''''ttf'l' awj 011 

being lleutrali"ed ·with caui'itic sod,t till the reaction is. only bintly acid. 
(See ah,o p. 4Gtl.) 

The simplest and hest metbod for preparing ln~ruato]lorph'yrin is, 
howev'er, ,that of l .. aidhw.'; It. is lJaRed un the ohscrvation that 
"whereas oxyhl.l;"moglobin yields hrematin to all strength~ of mineral 
acids (except concentrated sulphuric acid), reduced hwmoglobill treated 
in the same manner gives hi~matoporvhyrjn." "The presence of 
oxygen COllfers st<'1,hility to the iron of blood pignwntB1 a.nd the s.implest 
explanation seems to be that the oxygen of ox)' hremoglohin is in 
direet relation to the iron," for while 2 per cent hydrochloric acid can 
split off the iron from the pigment in the reduced condition, it requires 
the strongest hydrochloric acid, aided hy heat and pressure, to eH'ect the 
cleavage in the oxidised pigment. By acting on reduced hwmoglohin 
with acids there is formed ill the first instance hremochromogen, and 
the latlier is then converted lnto the iron-free bremntoporphyrin. 
For reducing oxyhrerooglohin I.Jaidlaw uses hydra.zin-hydrate1 as its 

1 M. Schalftjew, Chern. Zen/ralbl. IS. 232. ; J[aly's .lahn.~b, 15. 
2 F. Hoppe-Seyler, Zentralbl. j, d. med. 1864, p. 261; and in 

Untersudo. p. 523 (IS7D). 
3 M. Nellckj aDd S. Sieber, NOTlatsh. f Chern, 9. 115 (1889). Sec also ScJlllliede· 

berg's Arch.f. experimcnt. Path. u. Pkar1N. 24. 430 (1888). 
4 A. Schulz, Ardl. f. (Allar. 19[JJ, Suppl. p. 271-
5- Hoppe.&yler.Thierfelder, d. ph)/8Wl. 'If. pat/wl. Analyse, 1903, p. 282 

{se.venth editioll). II P. P. LAidlaw, Journ. 0/ Physiol. 81. 465 (1901). 
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hye~products are negligiblej and with such reduced hremoglohin 
15 per cent Hel in the cold yields a pure hrematoporphyrin. 
Hrematoporphyrin Jly uniting with iron becomes hremochroIDogen, 
which by oxidation is cbanged into hrematill, as "wj]} he ahown later 
(see p. 5:'!..t). The formation of b~matoporphyriIl, using the old 
formula for hmnmtin (see p. 50S) occurs readily and almost quanti
tatively, according to dIe equation: 1 

Hn'l!Jiltill ,'ow: mulecule) = H~mat')rol'phyriIl (tWD ll101ecu!e~). 

Or n~illg the IlC"W fnrmub according to Zaleski: 2 

= Hfl'lilil'(.('l'OfjliJYl'in (out' molecule) . 

.:\0 hydrogen is given off during the formation of h,{:'matoporphyrin 
according to Zaleski. 

Jkl'oj!mpJ,i/rin.-On carefully reduci1lg <lcet-h&min or h"Bmato
porphyrin with hydriodic acid and phosphonium iodiue, Nencki and 
Zale~ki obtaiIled mesoporphyrin, to which they attributed the formula 
Clt)H18N~O~. After Xencki's death his pupil Zaleski continued the 
resenreh,:l and llsing a ref." detailed methoJ. has arriycu itt the result 
th~Lt free mesoporphyrin has the formullt 

C:H H3t,o .. K"4 • 

~lesoporphyrin differs from brell.latoporphyrin in containing two oxygen 
atoms less. ZaJeski has prepa.red the following compounds of meso 
porphyrin: 

C34H,mO,~, . 2 HCI 
C34H3~06X4' j HeI 
C"H"p,:\,. (C,H,), 
q>4H3()04N.~. Zn 
C34H340'~4; (C,H),cu 

nJesoporphyriu hydrochloride 
fIa'matoporphyrin hydrochloride 
l\IesQPorphyrin ethylester 
Zinc (or Cu) salt of mesoporphyrin 
Copper salt of meso}lorphyrin ethylester. 

11(cnwpyrr(ll: Ntneki and Zaleski, by further reduction of meso
porph.yrin wi.th stronger hydriodic acid' and more phosphonium 
iodide, obtained hremopyrrol : 

C,H13N, 

1 ?t1. S"ncki and ~. Sieber, MOn(Ltshefte f. Chetnie, 9. 115 (1889); and iu 
Schmiedeberrg's Aj·chiv. f,iT experim.ent. PathoI. 11'1ld PJw.rnw./col. 24. 430 (ISSS); W. 
Kuster, B;;richte d. devi.8c1i::,dt-e1)<. Gudlscltajt, 30. 1. 105 (lS9i). 

2 J. Zaleski, Ztit8c4r.f..lm;Y8wl. C!tem. 87 .• 44. (1902). 
, J. Zal,ok, Wid. 'II?': li4 (1902). 
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which is probably identicaJ with methy]propylpyrrol, although it m<~y 
perhaps be butylpynol , 

OH,. O-O-OH,. OH,. CH, 
I 'I 

He eH 
V 

HO--S-SH. OH,. CH, 
I ,I C'H 

He eH " 
V 

KH NH 
3-methyl J-;;:-lir&l'y1l'ynoJ. 

According to an :tbstmct by Cznl)C~{ 1 in the Zentranl. j. Plr;(Sial(l;li(', 

Ktister 2 believes that. in hrematoporphyrin and in phy lloporpbyrin 
t,here is not found a normal indolrillg, but an iso-indoll'ing : 

'.j',j 
N 

);,WTlllll indtJliill,'-:. 

Rrematinic Acids 

By oxidising hrematin dissolYed in glacial acetic acid with a watery 
solution of sodium bichromate at the tt!mperature of the water hath, 
Kiister:;' ohtnined two ether-soluble a.cids, w-hieh crystallised readlly 
and which he called luematinic acids: 

Anhydride of tribasic hrematinic acid 
Dibasic hrematinic acid 

C,H,Oc, 
C,H"NO" 

These acids are formed, according to Kiister,4 Nencki llnd Zalef.;ki,5 by 
the oxidation of methylpropylpyrrol or hremopyrrol, thus; 

CH,. C--C. CR,. eH,. CR, 

Hb 6H 
\) 
NH 

MethylJI!opyl]lyrrol. 

CR.,. C ~- C. CR,.CH,.COOH 
i I 

° °Vc
.
o 

XH 
Diba!;ic hrematinic acid. 

I C~pek, Zentralbl . .f. PhY!fi(Jl. 18. 591 (1904). 
2 W. Kuster, Ber. d. deutsch. bot. (ies. 22. 339 (1904). 
11 W. KiifSter, Zei.t8Ch'l'. f. phYt:iol. ahem. 28. 1 (1899) ; 29. 185 (1900). 
4 W. Kuster, Berichte d. deutsch. chem. Ge/Jcllschaft, 35. III. 29{8 (1902). 
I> M. Nen.cki and J. Zaleski, ibid. 34.1. 997 (1901); J. Zaleski, Zeibchr.j. physiol. 

{J/wm. 37. 54 (1902). 
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CH3-1·~ i-CH,. CHi' COOH 

O.C C.O 
,,/ 
o 

l'artial 1l11hythide nf triballi(' 11:\'lJllatinlc ,tcid. 

Kiister has b:tsecl this hst. formula on the fact that this compound 
by further oxidi"ation je; changed into succinic acid. The anhydride 
of trih;tsic hremat.inic acid ht'cohles dibasic hy splitting otf carbonic 
acid (Kolle) 1 accortling to the equation: 

CH,-C - C-CH,. CII,. COOH 
1 1 

(J.C C.O 
.,/ 
o 

Althydride oftrik.::\ic !lIl'matini(; acid. Anhydrid," of Ji!'d..~ic h.lmla.tini(· acid. 

Thi~ dihasic anhydridc, according to Guller/ is identical with ethyl
meth.Y I-nmleic aeid anhydride: C,HS0 3 . 

Oil dissolving ono gramme of ha;matin in 60 volumes of hot glacial 
acetic acid, :1nd oxidising as quickly as possible with 12-::; grammes of 
C'1{);j, corresponding to ~l atoms of oxygen for each hfE'mntin mol~

cuIe, and at onct' dii\t.i1ling off the glacial acetic acid, Kiist.er 3 showed 
in his t.hird papeI" that the hmIDat.inic adds were obtained in such 
a.mounts tbat at least three mulecules of CsHrP4NI' if not, indeed, 
four molecules, could be obtained from one molecule of hmmatin. 
For this reason he considerb the hrematinic acids to be the most im
poruwt dissocintion-products of hrematin. Kiister succeeded in 
srnthetisillg the ester of trib.:tsic hrem<ttinic acid: 

H3C 
/ 

RO'CO C-COOR 
1 I; 

H,C C-COOR 
"'../ 

C 
H2• 

This compound must be ahle to undergo intramolecular condensation 
between the methyl and the neighbouring carboxethyll group. 'Vith 
sodium ethylate a substance is obtained which gives a colour reaction 
with ferric chloride. 1 Thi~ same ester, when heated with alcoholic 

1 M. Kolle, Dis. Ttih. 1.$98; W. K\ister, BeT. a. deute. chern. GI!<l. 35.2948 (1902). 
~ GaUer, i-bid. 35. 2948 (1902). i$ W. Kuster, Zeit./: phys. Chem. 4'4. 391 (1905), 

",,' 



~13 

ammonia in a tube to 130", gives rl!;c to a brown fluid, which on 
exposure to the air becomes deep blue, 'while hrcmatinic ado itself 
splits off C02' and is converted into the imide of meLhylethyl~malelc 
acid. After remoyal of the alcohol and the ammonia a watery solution 
is obtained which shows two feeble bands in the region vf the oxy
hremoglobin bands. Another ester, resembling the one jnst describ~d, 
Kilster obtained from the h::ematinic acid C!lH!lO.f~' 

All these reactions fa.your the view that hmmopyrroI is 3-mcthyl-
4-1i-propylpyrroI, but by comparing the oxidation-product of hronlO
p,yrrol with the synthetically prepared imide, Kilster and Haa..<; 1 have 
shown that the two compounds are not identical, as the difference in 
the melting-points amount~ t.o j-. 

By reducing methylethyl-maleic anhydride, hromotricarboxylic acids 
are obtained : i~ 

CH,-CII--CH-CII,-CH,-COOll 
I ' , I 

COOH CUOH 
H~nlotrir.arboxylie acid. 

These carhoxylic a.cids are isomeric, although not identical, with the 
synthetically prepared ethyltricarbaUylic acid: 

H,C--CH--CH. CHo. ClI, 
"I I I . 
COOH (:OOI:I coon 

Ethylttiearballylie acid. 

And this fact supports the formula of butylpyrroI given above for 
hremopyrroL 

ThlLt hremopyrrol is a PYlTol-derivative is proved 3 hy the fact that 
an ethereal solution of hremopyrro1 4 combines with a freshly prepared 
watery solution of benzene-diazonium li cbloride to form an azo-dye
compound, which is soluble in alcohol with a cherry-red and in 

1 Kuster and Haas, Ber. d. deu~ch. chern. Ges. 37. 2470 (1904). 
2 M .. Kolle, JJi.~sertation, Tubingen, 1898; W. Kuster, Rer. d. dfutseh. chem. Ges. 

35. IIf. 2948 (1902). 
3 H. Goldmann and L. Mare}Jlewski, ZeitSL'hr.j:phYllid. Chem, 43. 415 (1905). 
~ T1u'l hremopyrrol was made a.cconling to Nencki·Zaleski's method: 5 grammes of 

hoomin, 100 grammes of hydriodic acid, 100 grammes of glacial acetic acid, and about 
8 grammes of phosphonium iodide. 

[> The discovery of the fact that pyrrol aDd some of its homologues react with 
diazonium compounds was first made by Fillcher and Hepp (Ber. der cU.utsth. 
chem. Ges. 19. 2251 (1886). Pyrrol in acid solutions yields mono-azo-dyes, while in 
alkaline EIOlutiolll! in the presence of two molecules of the wllZonium-compound there !Lre 
formed di·a.zo·dyes. Both Q. !Ul.d '! hydrogen'atoms of pyrrol may be substituted. (See 
p. 43 for formula of pyrrol.) 

2 L 
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chloroform with a bluish-violet colour. Goldmann, Hetper, and 
M.archlewski 1 showed subsequently that the substance in question is 
the hydrochloride of bmmopyrrol-diazodibenzene. The free azo-dye, 
on tllC supposition that hremopyrrol is really methyl-propyl-pyrrol 
and not another homologue of pyrrol, bas this constitution: 

CHs-C-C-C}I; 

C,ll,,-N,-C C-N,-C,;H, 

\/ 
NH 

HtemoJl,Yrrol-di-azoditolnene was prepared analogously. 
Hrematoporphyrin can therefore he huilt up directly from four 

mole(>!11es of b{lJDlopYl'rol or of one of its oxidation-products. That 
this synthesis is the only possi1lle one, seems further to be prm-cd 
hy the fact. that neither Nencki 2 nor huster:> found an;,> other 
ui$sociation-products besides bremopyrrol and the ha!matinic acids. 
The maximum yield of hreroopyrrol:J a.nd of the hrematinic acids 3 

ohta.ined from hoomatoporph~'rin at first only amounted to 32 and 
50 ller cent respectively, and Kilster,'" being able to account for only 
Hi out of the 34 C-atoms and for only 2 out of the 4 N-atoms by the 
two hrematinic acids. CSH\,04N (respectively CsH,sO). concluded that 
only olle-half of the hrematin was a substituted pyrrol, but .",hen 
Zaleski showed that nwsoporphyrin contained the whole of the ca.rhon, 
namely 340, Kutscher·} realised that his old view was wrong, and 
that greater importance will have to be attached to the hrernatinic 
acids thau has been done in the past. On reinvestigating the forma
tion of hrematinic acids (see p. 512) he now holds that at least three 
molecules of CsHI,04-N, if not indeed four molecules, can be obtained 
from hrellatin. 

Description of the Individual Dissociation-products: 

Hremin 

Hremin was first prepa.red hy Teichman~ in 1853 by the action of 
ghdal acotic a.cid a.nd a little sodium chloride on warmed blood. tl 

) H. Goldmann, J. Hetper, and L. Marehlewski, Zeitll. j. phys. CMIn.45. 176 (1905). 
;) M. Nenoki and J, Zaleski, Bcr. d, M!Usch. chem. Ge.s, 34. T. 997 (1901). 
3 M. Kolle, Di.8aH'tativn., TUbing(ln, 1898. 
<4 ,\~. Kuster. ZUUw:!tPkysiol. eMm. 28. 1 (1899), and 29. 185 (1900). 
~ 'v. Kutscher" i!NI. 44. 391 (1905}. 4 

6 .L. Teichmann:~~.f. rat. J.lled.1'[.F. 3. Si5 (l8IlS); 8. 141 t1857). 
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To prepare bremin Nencki and Sieber 1 take 400 grammes of red 
blood-corpuscles) freed from serum and cOllgula.ted with alcohol; add 
1600 grammes of amyl-a.lcohol j heat up; add 20 to 2!) ecru. of 
hydrochloric acid and simmer for 10 minutes. On cooling, crystals of 
hrernin separate out; the yield from 1 litre of Llood is 1 ',7 to .) gri1.mmCS 

of hremin crystals. Cloetta 2 and Rosenfeld 3 wash the hlood-corpuscles 
with sodium sulphate instead of with sodium chloride, and extract the 
alcohol coagu.lum with hot ethyl-alcohol containing sulphuric or oxalic 
acid. The crystals formed on cooling nrc recrystallised from hot alcohol 
containing HeL Mi:irner 4 coagulates diluted blood with sulphuric 
acid, extracts with alcohol containing H2S04, and after the addition of 
HOI heats the mixture up to the boiling-point. Schalfejew's" methocl 
gives the purest hreruin and also the largest yield. He proceeds as 
follows: To 1 yolume of defibrinated hlood, filtered through a linen 
cloth, are added 4- volumes of glacial acetic acid heated up to 80"; after 
the mixture has cooled to between fi5"-GO', beat up again atont:c to 80~. 
On allowing the mixtnre to cool crystals are formed ,; after 1 {}-l:! 
hours pour off supernatant fluid and wash the crystalline precipitate in 
a high cylinder with 0-6 'volumes of water; after repeated 'washings 
filter off the crysta.ls and Wasll the crystals on t,he filter wjth water, 
alcohol, and ether. One litre of blood yields 5 grammes of crystals 
of the same size, and belonging to the triclinic system, forming thin 
rhom boida} pIa,tes. 

The chemical nature of the crystals formed by Schalfejew's method 
is discussed below. 

Hremin forms microscopic, small brown plates, which are known as 
Teichmannls crystals. 6 For medico-legal purposeiO,7 it is customary to 
mix some blood with a little sodium chloride and glacial acetic acid on 
a microscopic slide, to cover the preparation with a cover"glass, to boil 
the acetic acid, and to add 2 to 3 additional drops; of acid. It is mue;h 
better to use potassium iodide, as the crystals are then much larger 
(E. ',,"ace Carlier). Hremin crystals show, according to Ewald,8 a. 
distinct pleochroism, being either deep black or pale yellowish 

1 M. Neucki and ]'I. Siel;ef, 1k'l". d. dCldsdi. ckem. (l-Ps. 17. H. 2270 (1884) and ill 
&kmierleberg'a ArcA.f. uper. Path. u. Phu,n. 18. 401 (1884); 20. 3~5 

2 M. Cloetta, ibid. 36. 349 (1895). 
3 M. Itosenfeld, ibi,l. 40. 137 (1898). 
4 K. A. H. Mbruer, Jlaly'b J(lhr~sber.f· Tierche1nie, 27. 145 (UWi J. 
ij M. Schalfejew, Chem. Zcnlral6l. 18. :232 (from the Russian) '1885); Ma(I/>f 

.lahresOf:r. 15. 188 (lSS5). 
6 M. Scbalfejew, ~laly'iJ Jakrederichte, 15. 138 (1885). Compare' also H. U. 

Kohen, Wirbdtkrblut in mikroi:ri..,ta:[liniduT lIillSicht, Stuttgart, Enke, 1901. 
7 F. Hoppe-Seyler, Ned.~c1tem. C,!te'rsuck. p. 366 (1868); p. 523 (1870). 
II August EWalU, Zeitsc4T. f. BioL. 22. 459 (1886). 
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brown ,; they are insoluble in water, banlly soluble in eth~r, and 
slightly soluble in alcohol and c}lloroform, according to Bialobrzeski. 1 

Hremin bears to hrematin the same relation as does an ester to a 
tertiary alcohol, as the balogen is very readily split off by alkalies. 
The acid character of hmmatin is, further, conditioned by a h};droxyl 
group, which is Dot the same as the one which is replaced by the 
halogen in converting hrematill 111tO ha'min. The chlorine is hound 
therefore, according to Kuster,:! ill the hwmin, to a carhon and not 
to a nitrogen atom. .Nencki and Sieher:l 'were, ho"rcver, the first to 
point out that the chlorine was prohably united to carbon or to iron. 

On the assumption that the hrematoporphyrin molecule is built 
up of two hremopyrrol molecules, and tbat the two bromatoporphyrin 
molecules in hmmin are kept togother by the iron..atom present in 
hrematin, Nencki and Zaleski gi,'e the fol!ow'ing formula for h33min:-

CHs-C-('-CH-~C(OH)--C=C:-CH~CH---C:-C-CH3 

H~' ~~I1 I I He!:H 
"'-/ 0 YeCI "'-/ 

NH ! I NH 
CH,,-.-C-C-CH~C(OH)-C-C-CH~CH-C--C-CH" 

!' :, ;1 i! 
HC CH He CH 

"'-/ "'-/ 
Nil NH 

Six distinct empirical formulre have been given to hremiD . 4 

lSencki and Sieber'E) amyl-alcohol extract: 
Acet-bremin of Scbalfejew : 
p~hrell1in of Marner; 
Hremin (Cloetta, Rosenfeld): 
Y. Zeynek, after peptic digestion: 
Kuster's bremin : 

CS2H:n03JS"4CIFe:" 
CS4H:m04N4CIFe.& 
CS4H3s04N4CIFe.6 
C30H"O,N,CIFe-' 
Cg4H34.o4NsCIFe.8 
C"H",O,N,CIFe-' 

1 M. Bia.1obrzt'ski, BeT. d. dwtsch. c1u:rn. Gu. 29. rn. 2842 (1896). 
~ W. Kuster, ibid. 29. I. 821 (1896). 
;J M. Neucki and N. Sieber. &limiedeherg's Arch. j. O:j)er. Path. Il. Plw;rm. 20. 

326 (18861. 
" W. Kuster, Zeit.f.pkysiol. Ch.em. 40, 391 (190!l), 
~ Nencki aud Sitlber, Arch.j: upmm. Path. It. Pharm. 18. 401; 20. 225; 24. 

430 (18S4-1888). ~ 

~ Morn8l', l .. ordi8k~, Ark. Ji'estband, 1897, Nos.l and 27. 
? Cloetta, Arch.f· Ifl;XJh 'Path. u. Pharm. 86. 352 (1895), Sfle lW;O Rosenfeld, ibid. 

40. 137 (18981· 
$ v. Zflynek, Ztit.f.ph,ynol. ekern. 30; 12.6 (1900). 
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The formation of hrematin out of Schalfejew's acet-ha~min 
Zaleski 1 expresses by the equtl.tion : 

C34H3!pN,CIFe + 2HBr + 2H:!O=C3 .. B3~O!;X4 TFeBI'~ T Hel. 
Ar:I>t')Jremin. Hil'watill. 

According to this view Schalfcjew's acet.-hremin is no lo11~er 

regarded as an acetyl-hremin, nor dues the j3-ha:min of )lCirncr 
represent a propionyl. hwmin, or all ethyl- ester of 'acct - blProin.' 
As Httle as it is possible to split off acetic acid from' acet-hIPmin,' 2 :ts 
little can an alphyl-oxy group or a prGpionic or acetic acid remainder 
he obtained from f1-hremin. 1l 

KUster is of the opinion that all the hromins enumerated above 
(acet-hremin, Nencki and Sieber's !la'min. j3-hremin, Cloetta-}-{osetl
feld's htemin) nrc Olle and the same: that only VIle bremin exists, with 
the formuh: 

C"H330,N,ClFe. 
The discrepancies ill the formllb_> given abovE' are attrihuted by K lister 
to insufficient recrystllllisation. He also adJncc::; direct proof tha.t 
these' hwmins' are rea.lly identical. On treating the different hwmins 
with cooled anilin, the chlorine atom is removed, anti amorphotls pro
ducts are obtained, all of which, [lfter careful wasbing in very dilute 
acetic acid, and after long extraction \"ith ether, agree in giving the 
formula: 

C:I~H;;2()4~4}"e. 

This compound is called a 'de~hydrochlorjd-hremin.' By the same 
methods as are employed in making acet-hremin, the de-hydrochlorid~ 
hremin may be reco}lverted into acet-hremin. By trea.ting the latter 
with watery solutionB of alkalies, the chlorine becomes replaced hy a. 
hydroxyl group, and t hrematin J is formed: 

C"H",O,N,C1Fe. 

This formula corresponds to the old one, tirst given by Hoppe-Seyler, 
namely: 

C",H"O,N,Fe. 

Now' hmmatin 'ohtained in this wa.y from hoomins cannot be recon

verted into hremin, because the f;aponification with alkalies does not 
simply substitute a hydroxyl group for the chlorine, but produces also 
$ome other change whereby the configuration of the I hrematin ' 
molecule is a1tered.4, 

1 Zaleski, Zeusclir. f. pltysiol. CMm.. 87. 54 (1904). 
2 Neneki and Zaleski, ibid. 80.396-897, 403·404 (1900). 
3 KUster, Ber. d. deutsdt. cMm. GClJ. 35. 2951 (1902). 
~ W. KUster, Zeitsckr./. p)u/sWZ. Chem. 40. 396 (1904). 
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]t is necesaary therefore to distinguish between the 'natural 
hoomatiu ) obtained by the action of dilute acids on hremoglobin, and 
the (artificial ha-mn.tin> prepaI'ed from hremin. 

III many cases Kiister bas observed the analysis of (artificial 
hrematin) to give too Iowa reading for bydrogen, and is not certain 
whether the correct formula for' brematin' is not 

C",R"O,,"!S,Fe. 

This formula he deriycs from hremin according to the equation: 

C",1l330)',CIFe +:'\aOH + O=C,,HS,05X,Fe ~ H,O ~ NaCl. 

K[lster has further obtained a de-hydro-hoomatin : 

C~aH::;:P4N4Fe, 

hy precipitating with dilute acids de-hydrochlorid-hff'min dissolved 
ill alkalies or in alkaline carbonates. De-hydro-hrematin cannot be 
1.:onverted into h~min. 

Kiister 1 bas also prp.pa.red the acetic acid and h;vdrobromie a.cid 
esters; N encki and Zaleski 2 several esters of hremin) such as the 
dimethyl-j ethyl-) and mono-amyl-ester. Sencki and Zaleski believed 
the ha~min prepared by Schalfejew's 3 method to be the acetyl,ester of 
hremin, hut this, according to Zaleski 4 and Kuster," is not the case. 
The readinesR with which hremin forms addition-compounds depends 
on the presence of two hydroxyl groups. (, The oxidation-product$ of 
the different hffimins are identical, according to Kiister.7 

Kuster B has also succeeded in introducing up to eight molecules of 
anilin, CoHs' XII:?, into 11t~min hy boiling hremin with anilin. At first 
four molecules of anllill are introduced by removing eight hydrogen 
atoms lly oxidation, yielding the compound CSSHS!p).\TgFe, and later 
another two or four molecules of anilin are joined with a simultaneous 
addition of water amI the splitting off of a molecule of ammonia 
yielding a com~ound 'anilinohremin' with the formulre : 

a.ncl 

Although there may be some doubt a~ to the exact number of 

1 W. Kuster, Ikr. d. d{!utsl'}i. dmn. (;['s. 29. I. 821 (1896). 
~ ~I. Nencki and ,J. ZAk~ki, Ze:;'t.1c}rr. /. physwl. Chem, 3~. 384 (}900). 
:! M. Scbalf('jew, Jfa1U'';; Jahrr.werirhie, 15. 138 (1885) ; compare aho H. U. Koherl, 

Wirbeltitrblut in 'hlihohi$tallinischer Hinsicht, Stuttgart, Euke, 1901. 
4 J. Zale$ki, Zw,sc1u .. j.physiol. Chern. 37. 54 (1902). 
~ W. Kitstet, Wid. 4O._.\_sn (1903). ". 
II M. Nencki atl,lt~ki, ibid.. 30.384 (1900). 
7 W. Kiister, ,wid. 29. 185 (1900). 
8 Winialll Kii8ter~~ 40.423 (1904). 
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nnilin-molecules which may be introduced into hll:!min, there is no 
douht that anilin is introduced, because the molecul;~r weight of the 
new compound is raised, and the percentage amount of iron is 
lowered without any iron being spli~ off. 

The compound resulting from the first interaction of lupmin antI 
anilin is acetone-insoluble, while the final products are acetone-suluble. 
As 811 compounds are insoluhle in caustic soda, it iii assumed tha.t 
the hydroxyl groups of hoomin playa part in the reaction. 

Hetper and l\larchlewski 1 prepared ha'min by means of propionic 
acid, and ohtained hremin crystals which were somewhat larger thau 
, acet~h<emin ' crystals, hut they differed in no other respect. i 

The chloroform solutions of bremin are made thus :-Hremin it:; 
dissolved ill a mixture of chloroform and quinine, and then a few drops 
of acetic acid :ue added: 

Band a. .\655-630 
/3 '\635-534 
Y ,\524-497 

In concentrated solutions the banuB (3 and r fnse, a.nd a feeble line is 
seen at the Ka-line. Very similar bandti are obtained with the 
dimethyl-ether of hxmin. Hremin in chloroform -+- quinine, cinchonin, 
or ammonia, hut without, acetic acid, shows byo roTHls : 

a A(i15-58~ 

(3 ;1.506-475 (ill-<lefined) 

Dimethyl-hremin has the same spectrum. Addition of acetic acid 
produces the three bands given above. Acetic acid and chloroform 
solutions of hremin and its dimethyl ethers in very dilute solutions 
show a band on the Tl-line. By addition of quinine this band is 
changed to the K{3 Ifne.3 Hetper and Marchiewski and Kiister agree 
.in that acet-hremln may be prepared from Mcirner's hrumin, but while 
Kuster found no OC2H;; grouPr Hetper and Marchlewski found it in 
traces. 

Hrematin 
Attention ha.s already been drawn on p. 507 to the fact that t.he 

dissociation of hl£moglobin into an albuminous fraction and into 
the ferri-compound: h::ematin, may be brougbt about by acids, or by 
a.lkalies, or by heat! and that we have also to distinguish between 
'natural hrematin' and' artifieial hrematin' (p. 517). 

1 J. Hetper a.nd L. Marchlewski, Zeitsckr.J. pal/sid, Okan. 41. {j8 (1004). 
~ Photogra.phs in B1(l(, de l'Acad, !UIJ &. de (}'yaoovU, Mai 1904. 

3 Cp. Ga.mgee, ZeitscAr.j. Biol. 1896, p. 605. 
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Hrematin forms a non-crystalline hluish-black powder, which is 
insoluhle in water, alcohol, ether, chloroform, and in watery solutions 
of acids; very slightly soluhle in g1acial acetic acid, or in alcohol or 
ether containing HUI, hut very soluble in all alkaline solutions. "\Vhen 
heated herond ISO" C. it undergoes decomposition; w'hen incinerated 
it gives off hydrocYI~nic aciJ, while a residue of 1'2·6 per cent, t.:on
sisting of pure oxide of i7'011, remains behind. 

On distilling carefully-dried b~matin with perfectly dry zinc dust, 
Milroy 1 ohtained three volatile 8uhstances, two of which, in their 
spectroscopic characters resembled ha>roatoporphyrin and urobilin, 
while they difii::red from. the latter markedly iIi regaTd to their 
solubllitjeB. The third substance was praha-l.ly allied to h~mopyrro1. 
The products of distillation \vere condensed in (1) a spiral glass worm 
surrounded hy a lrater jacket, (2) a coiled tube plaeeJ. in a mixture of 
ice and 'wat.er, n.nd (3) the remaining gas pasi'ied through a wash-hattIe 
containing concentrated lIC]' This Hel ahsorbed some pigment 
which, on spectroscopic examination, showed ahsorption-bands appar
erltly identical irl position amI char'1Cter with those of acid htcmato
pOJ'ph)o-"rin. The pigment which condensed in the tubes, dissolved in 
chloroform ,....-ith a reddish -brown colour, sho'wed a faint green 
fhlOrcBccnce, and gave on spectroscopic examination the three bands ~ 

(.t ,\o78-A5GO 
.B ,\540-H30 
'l A500-M02 

After distilHng off the chloroform t.11e pigment residue was found to 
be insoluble in caustic alkalies, soluhle in concentrated HeI, but pre
cipitated hy dilution with water, and readily soluble' in alcohol, ether, 
chlorofonn, petroleum ether, glacial acetic acid, and benzene. On 
(lissolving the pigment in ether a.nd adding to the latter some cmlCen
trated HOI diluted with an equal bulk of water, a brown pigment 
passed into the' ether having an absorption-band, .\.506-.\.476. 

The red watery hydrochloric add solution showed three bands 
closely resembling those of hrematoporphyrin ; 

" A598-A588 dark 
/l ,\578-;>.575 faint 

,\578-1.562 slightly, fainter 
'l A562-A538 dark 

On diluting the ·acid solutions, extI"acting the pigment with chioro-

1 J. A. Milroy, Proc. QI PkyBiol. &c. xxiv.; JOUnt. of PkyM. 31. (19(4). 
,.". , 
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form, washing the latter thoroughly with water, adding some ;I por 
cent eanstic soda, and shaking gently, gave, when the chloroform ball 
completely separated from the aqueous alkali} the following ah1lol'pti()H 
bands; 

a ..\,,17'5-).612 
(3 A.')73'5-A:)(jI';) pale 

.\56i'u-.\561 dark 
y '\:);~9 -+Af127'G 
8 A;)1~·5~A.4-!l~·.s 

By a slow distlllation of ha'mat-in .v:itb a large excess of zi])c dust 
Milroy obtained a more complete reduction j the yellow oil ohtained 
gaye a vapour whicll, wirh a pille-wood strip dipped into hyrochloric 
:tcid sho''t~ed the red pynol-ren,ction, but the colour react,ions fol' l)yrrol 
whh js;~tine and quinlne ga.ve nega.tive results. 

In alkaline solutions hrernatin is rt:d :in thick layers, and greenish 
In thin layers; in acid solutions it appears brown. The s[>('ctrum of 
acid hrematin resembles that of acid mcth:cmoglohin. The hand in the 
red lies, however, nearer t.he red end, accordin~ to MCJlzies 1 at A6:"'lO, 
and does not reach the C-line according to Iiarnack.l!" The second 
broad band lies between band }', and the band in the violet, accord
ing to Gamgee,S resembles that of methmmoglobin, for it is a broad, 
intense band hetween hand L, which in dilute solut.iolls extends from 
II to K, and in strong solutions from .M into the ultra-violet. In 
alkaline solutions it DIlly shows one rond ln t.he yellow, which com
mences half-way between C and D and then extends heyond D. There 
is no distinct band in the violet, a.'J the whole of the violet. becomes 
extinguished (Gamgee). 

Pure hrematin ill alkaline solutions cannot be reduced by 
ammonium sulphide or other weak redudng agents (Hoppe-Seyler 
and Gamgee),4 but in the presence of albumin and simihr forelbYJl 
bodies, such as ethylamine, aniline, glycocoll, taurine (Bertin Sans 
and Montessier),5 it is changed into a substance called • reduced 
hrematin,' which shows the same absorption-spectrum as doe:; hremo
chromogen, a ferro-compoUIld obtained by Hoppe-Seyler on adding 
alkalies or acids to a solution of reduced hremoglobin in the absence 
of all oxygen. 

1 J. A. Menzies, Journ. (if PhyiJU,l. 17. 415 (1895), 
2 E.· Harnack, Zeitschr.f.physiol. Chem. 26. 558 (1899). 
3 A. Go.tD;;,ee, ZeilscAr. f. Biol. 34,50[, (1896). 
4 A. Gamgee. &klifl!'J'·1J Textbook oj PhY}fitil. 1. 251, 252 {1898). 
~ Bertin Sa.n~ and Montes.,ier, ('amp!, Rend. 1881). 
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\Vhile, according .to Hoppe·Seyler, htemochromogell is the iron
containing radical which, hy its union with an alhuminous substance, 
forms IHl_'mnglobin UJld then becomes enahled to ahsorb oxygen, 1 

(_';'amgee:: stu.ted, in 1898, tha.t "probably htf.>IDOchromogen docs not 
exist preformed in ha·moglohin and its compounds." He hn.f:! promised 
to throw more light on this question. 

Hrematoporphyrin 

The methods of preparing lw:~matopO!·pi.)}Tin from hromatin have 
already been refened to 011 p, ,Fl09. Mulder's!l iron-free hrematin) or 
btematoporphyrin, to use Hoppe-Seyler's terminology, may he obtained by 
either the action of concentrated HzSO 4 on hrematin; by treating hremin 
with a sl~tllrated solution of hydrobromic acid in ghci:Ll acetic acid; by 
the reduction of acid alcoholic }uemf~tin ,'"'olutions j hy <1cting on hmmo
chromogen or hmmoglobin with dilute mineral acids (see p. 508). The 
bmmatoporphrrin prepared from b:cmatin with strong HZSO{ is the 
anhydride of the prcpa,ration ohtained '\yith hydrobromic acid, accord~ 
iug to Xencki and Sieher.4 The H 2S04 preparation is almost insoluble 
in (_dcuhol, ether, and dilute arias, hut readily soluble in alkalies j the 
Hr~preparatioJl is readily soluhle in fixed alkalies and their carhonates, 
:md als\) in d-ilntt' mineml acids and :Llcohol, but only slightly soluble 
in ether, Rmyl-alcohol, benzene, and chloroform, somewhat more 
soluble in acidified amyl-alcohol and acetic ether, and almost insoluble 
in water and dilute acids. 

The reconversion of hrumatoporphyrin into hrematin by the in
corporation of iron has also been accomplished :-Struck by the ease 
with which iron is remoyable from reduced hrematin or hremo
chromogen, Laidlaw attempted to replace the iron and was successful. 
To 1 gramme of bmmatoporpbJ'rin prep:1.red oy Nenc-ki's methoa, dis
solved in dilute ammonia and warmed on the water-bath in a flask. to 
exclude air as much 3.$ possible, were added some Stoke's fluid 
prepared from 2 grammes of ferrous sulphate (see p. 478) and a few 
drops of a 50 per cent solution of hydrazin-hydrate. After one t.o 
two hours, care having been taken to replace' the evaporated ammonia 
and to keep the mixture thoroughly reduced by hydrazin, a solution 
is obtained which shows the absorption-bands of hremochromogen. 
On shaking the solution with air it is converted into alkaline hrematin. 

1 Hoppe-Seyler, Zeitschr. J. phy~iol. Uhem. 13. 492-493 (1889). 
!l A. Gam~, Sdwifer'~ Tf¥:fOOO/'; of Pltyh£ol. 1. 258 (189S). 
3. Uulder, 't.fller ~i. Hrematin,' Jonr-n~f. prokt. Che:m. 32. 186 (1844). 
4 Nencki and Siener, ""'1§.tdJ. d. kau. Akad. de lViss. n'im. 1889, nar 1888, vol. 

97, p. 80; and ~1rth.l. e:.eperim. PatkDl. u. PJw.rm. 24. 430 (18SS}. 
,,~ . 
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To separate the hrematin proceed as follows: Pour the mixture from 
the flask into a large evapomting dish; add some strong potash; 
evaporate ammonia to throw down excess of iron; and a solution of 
hrematin in potash remains as the hydrazin is decomposed hy the free 
exposure to the air. ~ ow throw down the b::ematin by the addition 
of acid, collect, the precipitate on a filtt'r-papcr, and wash it in dilute 
Hel till aU traees of hrematoporphyrin have disappeared. H.e
dissolve the precipitated hrematin, and throw it down once more by 
the addition of fl.cid. 

Hrematoporphyrin is an I~cid, forming mOllO- and di-basie metallic 
salts; hut it also forms a salt with hydr(lchloric acid which, when re
crystJtllised from alcuhol, forms brOlYllish-red needles. Hwmato
porphyrin is predpitated hy acetic acid and hy b:irium- and calcium
hydrates, Solutions of ju.ematoporphyrin, even jf extraordir.larUy 
dilute, exhibit a magnificent red fluorescence ((~amgee).l The alco
holic solution possesses a beautiful red colour, which on the addition 
of alkali~s "becomes more yellow, while by acius it is converted into a 
violet colour. 

In neutral alcoholic solutions ha:matoporphyrin shows fise bands, 
according to Garrod 2 and Schulz: 3 

I. " ,\625-,\617 
II. j3 '\605-'\599 

p. 
III. y A584-A555

t
2. 
3. 

IV. 8 ,\543-,\525 
V. , ,\514-M86 

'\573-'\568 
A566-MG2 
'\558->"555 

The Figs. I.-Y, on this and the next page show ,,,hat bands 
correspond with one another, according to Schulz, 

Schulz, for an a.lcoholic solution containing 1 per cent of H2S0~, 
gives the following bands: 

I. " '\600-'\588 

III. j3* }.5BO-}.53VJ 1. ,\5RO-,\571 
(2 + 3. ,\564-,\539 

f 1 ,\530-,\525 
IV. r Absorption from A539-,\505

l2
: A5 J 8-1.506 

In alcoholic solutions containing 20 per cent of a 25 per cent 
watery solution of ammonia Schulz saw four bands: 

1 A. Gamgee, Schafer's Tex[book of Physiol. 1. 259 (1898). 
Z Gattod, Journ. of Physiol. 13. 598 (1892), and 16. 108 (18D4). 

3 Schulz, Arcl!.f. (Anat. u.J PhY1n'ol. 1904, Suppl. 270. 
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I. " ).624-,1.614 
III. f3 >-584-,1.063 

A571-·A,363 darkest 
1 V. y M'4..3--,\525 

V. <> A516-,\,4-8» 

CHAP. 

The so-caned 'meut11ic spectrllm' of hrematoporphyrinl first 
)srrihcd hy MacMllnn in 1889, and then hy Hammarstcn 1 and 
arrod,2 Schulz obtained by adding zinc chloride to an ammoniacal 
,lution: 

III. Q '\5~g-Afj70 

IV. f3 A.%O-,\u26 
Y. y ,1.512-)."01 (See helow.) 

In acid ~olutions it possesses a spert,rum with two wall-marked 
Id sCl'cml less djstinct. absorption-hands. Tiw a-band Jies between 
and D, close to D, while the srennd or f3-band is most intense half
ly between n (md E; its faint edge almost, rearhes D. 

a ,\,;;97--).587 (Garrod 3 and Nebcltbau 4) 
f3 ,1.557-'\541 

In n.lkaline solutions it shows four bands (Garrod,:! Nehelthau,4 and 
tmgee}: 

a Between C and D 
f3 Between D and E, close to 1) 
y Between D and E, close to E 
a Between band F . 

'\621-,1.610 
A590~A5j2 

A555-..\528 
'\514-M08 

€ Between 11 and II, and in strong solutions to K and beyond. 

these bands may be shifted more towards the red or towards 
} violet end of the spectrum, according to the amount of ammonia 
alkali present in the solution. In addition, the method of pre

:ing ltlkaline hrernatoporphyrin also alters the spectrum. On 'the 
iition of all. alkaline zinc acetate solution the bands a and 8 
appear, while the bands f3 and "'I become sharper and more 
ense. The f-band is seen in all hrema.tt>porphyrin-solutions what
lr the reaction may be, but it is more evident in alkaline solutions 
l.mgee). Hrematoporphyrin has been found ill the urine of people 

I llammarstell. S/':undill.. Archiv. J. Pkysiol. 3. 319J1892). 
l Garrod. J(}It'ffl. of Physid. 13. 598 (1892). 
~ A. F. Garrod, ibid.. 1~. 603 (1892); 17. 249 (189.5). 
l E. ~ebelthat'" Z~ j: ph:ysid. Chem# 27. 324 (1899). (Full literature is 
n.) , '~, 

,~' 
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suffering from sulphoual poisoning,. and also in other diseases, a,ud 
even in healthy people by Mac)lunn,l Sa,lkowski,2 Hilmmarsten,!\ 
Garrod,4 }tjyu. and Zoja," and NehelthalJ. t\ It is preeipitated from 
urine by the I~ddjtion of ba.rium- or calcium-hydrate, hut most simply 
by ncctic acid, according to Neuelthau. The uriJJe mRr at once show 
a burgundy colour, or only develop the same after standing for some 
time, owing to the hrematoporphyrin being formed from a colonrlcRs 
chromogen. 

Hrematoporphyrin contains two hydroxyl gl'OIlPB,';" which may lH~ 
replaced hy methyl groups, there being formed a dimetb"l-h:mnll,t'l
porphyrin. 

Mesoporphyrin 

This compound was obtained by Xencki and Zaleski 8 by carefully 
r.:Jducing hromatoporphyrin. According to Zah$ki,tl mesopot'phyrin 
differs from hrematoporphyrin in containing t\VO oxygen atoms le~s. 

owing to two hydroxyl groups of hrematoporphyrin baying been split 
off (see p. 405). Hremato- <111d meso-porphyrin n iSbmv in acid and 
alka1ine

j 
jn alcoho}it and watery solntioni3 the "arne generaJ djstrihtl

tion of absorption-bands, and only by examining simultaneously the 
solutions of hromato- and meso-porphyrin is it p08sihle to see that In 
the latter all absorption-bands are shifted somewhat towards the violet 
end of the spectrum" (Marchlewski).w 1\fesoporphyrin also closely 
resembles hrematoporphydn as reg;trds ethereal and ordinary salt 
formations. 

Hremopytrol is de$crihed hy Nencki and Zaleski 11 (see pp. 51], 52!)). 

Hrematinic Acids 

Hrematinic acids 12 are described in the various papers of KUster 

(see p. 511). 

1 c. A. MacMunn, Proc. Roy. Soc. Lrmd. 31. 211 (1880·81), and Jo-wrn. 0/ Pf"I.~ior. 
6. 36 (1885}, 7. 243, 249 (18S6), 10. 71 

2 E. Salkowski, Zeitschr. f. physicl. 15. 286 (189]), 
S O. Hammarsten, Skandinav. Arch, f. Physiol. 3. 319 (1891). 
, A. Jr. Garrod, JOUffl. of l'hyswl. 13. 603 (1892); 17.349 (1895). 
5 A. Riva and L. Zoja, MaIy's Jahrcsberichtej. TiercJumuf:, 24. 6i3 (18~4). 
I; E. Nebeltha.u. Zeits. f. pays. Clum~. 27. 324 (1899). (YuH literatim is given.) 
-; 1[. Nencki u.nd J. Zaleski, ibid. 80. 384 (1900). 
8 M. Se)Jcki ani! J. Zaleski, Ber. d-. d~lttsch. dum. Oes. 84. 1. 99i (l90l). 
II J. Zale~ki, ZUlsciw.J.phYliiol. Chern. 37. 54 (1902). 
III L. Marchlewlki, Anz. Akad. Wiu. Krakan. 1902, April. 
11 M. Nencki andJ. Zaleski, Ber. d. deutsch. rhem. Gel!. 34. 1. 997 n9(1). 
12 W. KUster, Liebig's Amwlen, 315. 174 (1900); M, Ko11e, D1·.!J8ertati(m, 

Ttibingen, 189B. 



CHEMISTRY OF THE PROTEIDE OHAP, 

Relationships of Hrematoporphyrin to other naturally 
occurring Colouring Matters 

PUYl.LOI'ORPHYIUN.-"From the gl'flen colouring matter of plants, 
the chlorophylV .md from its dissociation product phyllotaonin, 
Schunk and Marchlewski ~ and Mal'chl('wski II have prepared a colour
ing ma.tter which they call phyll(Jpol'phyrin. It has the composition: 

C1I,H18NzO, 

and diH{~rs only from ht:ematoporphyrin in possessing two oxygen 
atoms less. 4 Mal'chlcwski:3 obtained from it both hremop~vrrol and .dso 
hwrrtntinic acids. Nenckj anti Zaleskj have made the attempt to 
convert h:cnmtoporphyrjJl jIlto phylloporphyrin, but only succeeded In 
rcmo,'ing ono of the two hydroxyl.:; of hrematoporphyrin, and so 
l'cR,cheu a. product intermediatf' hetween brematoporphyrin and phyllo
porphyrin, which they therefore called mesoporphyrin (see p. 527). 
Spectruscopically mesoporphyl'in already rescmlJles phylloporphyrint 
uccording to Marchlewski. 

The red colouring matter of the blood and the green chlorophyll 
of plants heing closely allied substances! afe also probably related to 
the lipnchrornes (:Jhrchlc\vski)." 

H.£hlA.TOlDIN.-Dcrivatives of h~matoporphyrin occur also in 
the animal body, for Virchow G discovered in 1847 in blood extrava· 
!>atious h~IDatoidin in well·formed rhombic crystals of a brick-red or 
deep ruby colour. According to N encki and Zaleski 7 hrematoidin is 
identical with mesoporpl1yrin, as both exhibit the same colour changes. 

UROBILIN is a reduction compouml of hrematin or hff'lllatoporphyrin, 
as has been shown by Hoppe-Seylerj8 Nencki and Sieber,9 l1ndle Noble. 10-

Urobilin occurs normally in the urine and in the freces, and is also 

1 L. MllTcblewski, Die Chem. a. Leipzig and Hambu.rg, L. Voss (1905). 
2 E. &huuck and l\farchJewski, A tlnalell, 278. 329 {18Il4>; 284. 81 

(1895) ; 288. 209 (1895); 290. 306 
a L. Marchlew5~i, Bull, de l'Acad. des Cracm'ie, OZ. Math. et Nat. 1902 • 

• Jannary and April, pp. laud 223. 
{ )1. Nencki, Ber. d. deufsth. dum. Ou. 29. III. 28ii (1896); M. Nencki and J. 

Zllleski, ibid. 34. I. 997 (1901); ~olllpare als() with the papers by Nencki, Sieber, and 
Stt.'thlel qnotetl on p. 5Q8. 

o L. Marchlewski, Zeitl)tll.r.j. pnYl1iol. Clwm. 88. 196 (1903). 
1l R. Virchow, FircJJ.Q1i"s Archil'. 1. 379 and 411 (1847). 
1 M. N encki and J, Zaleski, Ber. d. deutsch. chem. GfS. 34. 1. 997 (1901). 
8 Hoppe.Seyler, ibid. 7. U. 1065 (lSi!). .... 
9 M. Nencki and N. SieooT, Arc1f... f. CLpfflm. Pat/to u. Pha,rnt. 18. 401 (1884); 

Bu. d. delltsch. chem.. Gu,'i7. II. 2270 (1884); Monatsh • .f. Ch~I. 9. 115 (1889). 
10 C. Ie Nobel, P:ft'iIft'r's At'chiv. 40. 50~ (1887). 
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fonned when hremopyrrol it; oxidised hy the air.l If rabbits be fed 
on bfumopyrrol they excrete urobilin. It eoutnins. as does hrematin, 
four molecules of hremopyrl'ol (.Nendd and Zllieski)~ 1 atHl possesses, 
according to .Maly,:.' the formula: 

C"H400,N,. 

];ILIRI'BI~.-This colonring matter of the bile is also a derirath'c 
of hrematoI)Qrphyrin, for Virchow,s ,1affc,4 and Salkowski" have shown 
that hiliruhin greatly res{'mhles hrematoidin or mesoporphyrin, if it is 
hot identical ·with it, a1\(l Maly:! ha" fnrther prcpa.red urobilin-or 
hydrohiljrnbin-},ya simple redllction of bilirubin. Kiister/I fillally, 
has sueceedcd in getting the same hrematinic acids from hilirubin as he 
obtained from ha.'matin. {For 11 fuller acc()unt of these pigments soe 
Roscoe and Schol'lenuner's jJaJld',()ok I~f Or,ll(lJIil' CJ!f'JlJi.~t)'lI, 9. 309 (1901 ).) 

H:E.UOCYAXIX. - Instead of the iron ~ contaiuing hwmoglohin, 
cephalopods possess in their blood a proteid containing copper. 
Tbi" copper-albuminate the discoycrer, Fredericq,7 ha!> called bremo
cyalJin. Suhsequontly it, has 1;e811 rery thoroughly investigated by 
Henze,S who was the first to prepare it in a pure state. HamlOcyanin 
may he ohtaine<l in ·well-formed crystals 1>)' using the HofmeistcJ' 
Hopkins ml'thod of saltjng ant (see p. 3~5). Henze ohtained the 
follmring IJcl'ceutage composition; 

It. gave all the colour- and precipitation tests of alhumins and the 
biuret reaction, without copper ha Villi; to be added. J t is 80111 ble in 
water, in salt solutions, awl in ~tlkalicf;. :Magnesinm sulphate does 
not salt Ollt, and the limits for ammonium sulphate lie between 3'5, 
and 10. Its coagulation-temperature lies between 68" and 72". 
Towards (l,cids it is a~ sellsitj~re as is hremogloldn, becoming decom
posed into albumin and copper, but h~mocyanin is not a copper salt, 
as it does not give the reactions of copper-ions without basing beeh 
decomposed. 

Hremocyanin hinds oxygell, and ghre~ off the latter, when a stream 
of hydrogen, carbonic oxide, ano. especially carboll dioxide 7 is passed 

1 101. Xencki and J. Za.le~ki, Ber. d. d~utsl'h. dl/:')II. (Ies. 34. I. fig; (1901). 
l! R. Mal)", ZentmJbl. f. d. lI'eli. Wis~. 18i1, Ko. 54 : Liebiy's Amwlen, 161. 868 

(18i2); 163. 7i ; PjtiJ.gfr'S .{:rehi!.', 20. 331 (ISH)). 
:l R. Virchow, Arc/tit', 1. 379 and 411 (184i). 
~ ~I. Jaffe, Virc1ww's .:I.rc1<i11, 47. 405 (186-9); ZentralM, f. d. WA.l. Wis6. 11)69, p. 

177, J E. Salkow,<,ki, Htppc·Sey{er'jf Med.-ckem, Unters. p. 436 (1871). 
fJ W. Kuster, Ber. d. dellt,~d(. C1t~1I1. (jes. 35. II. 1268 (1902). 
;- L, Frooericq. Al'd,. de Zool. 7. 535 (I8i8). 
" 31. Henze, Zeitscftr. f. phys[;()l. 33. 370 (1901). Here the oMer literature. 

2M 
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through the solution. \Vhen reduced it forms a colourless compound, 
but wh(~n oxidised it exhibits a pure blue. Henze 1 hal') analysed 
hmmocyanin and found its nitrogen to be distribllted in the following 
manuer: 

ammonia- X 
di-amlllo- X 
mOllo·amino-N 
hfemin- N 

O'j3~ 1-08 per cent 
4'34-- 4'iO per cent 

9';'0-10'66 per cent 
0'26- 0'66 per cent 

In the mono-amilto a.cid fraction were found leucin, tyrosin, and 
gJnt~tmi)]jc acirl; 'while the dl-amino acids arc represented by lysiJl 
and histitlin; arginin could not be demonstrated with certainty, nor 
could a carbohydrate radical, although hromocyanin gives a positive 
reaction with MoIisch'8 test. 

AceO/-ding to Krukenberg 2 hremocyaniu shows no absorption 
bands. The oxygen capacity has not yet been determined, but is, 
according to Henze, less t,hah that of hremoglobin. Hremocyanin is 
the onl.v· albuminous substance found in the blood of cephalopods, and 
it suhserves respiratory purposes. Halliburton·q has given a list of 
animals in lyhich hremocyanin hal3 so far been found. 

PHYCO-NRYTHIUN, the red colouring matter met with in certain 
seaweeds, the Florideoo, hequentl.v crystallises out at the death of the 
-cells. Jl,lolisch 4 first recognised its alblul1inous character; he isolated 
it, and succeeded in getting it to crystallise from its solutions. 

PHYCOCYAS is a similar, blue colouring matter found in the Cyano
phycea!. It was obtained in crystals belonging to the monoclinic 
system by Molisch;~ who employed Hofmeist.er's method of fractional 
salting out. The crystals give the .MiHan and xanthoproteic reactions; 
they are converted by alcohol into pseudomorphoses, and unite with 
acid and basic dye+stuffs. 

COLOURING MATTER FROM THE FINS OF CRENILABRUS PAVQ.

v. Zeynek 6 has obser\red in the fish Crenilabrus pavo a. blue colouring 
matter during the sFring time. He hlUJ isolated it and shown it to be 
an albuminous oompound. 

II. THE GLYCO- PROXEIDS 

The glyco-proteids are albuminous substances, amongst the dissocia
tion-products of which is found a carbohydrate or the derivative of a. 
carbohydrate. 

1 M. Henze, Zet.tschr.j. physWl. CMm. 48. 290 (1904). 
J F. C. W. Krukenbe:rg, Zentral(l. f. d. 111~. Wiu. 1880, No. 28. 
3 W. D. Halliburton, JdtIrrn. of Phynol. 6. SOO (1885). 
" H. :Haliseh, 1loL :u'Uchr. 1894, p. 177." , H. Molisch, ibid. 1895, p. 181 . 
• Il.. v. Z.ynek, Z"""r./.pkyriol. mu.;,. 84.148 (1901); 36.668 (1902). 

""'. 
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The properties of this carbohyt1mte bayc already been discllssed 
Ironl p. 154 to p. 164. It is an unknown amin,Lted polysllcchal'id which 
does not reduce, and the :Huino-group of which is not fret:; on heillg 
boiled with n}kulil's or with acids it gives rise to glucosumin, In the 
case of the mucin forming the covering of the eggs in frog's spawn 
glucosamin is replaced by gaiact.osamin, according to Schulz ftlld 

])itthorn ; 1 while in chnndro-mucoid its plRCO is taken by a bcxo-amino 
acid, according to Orglcr a.nd N ellberg. 2 }\ euhcrg 3 has found in the 
a}tumin prepared from the yolk of the f'gg, In addition to glurmmmin, 
another cJi.rhohydriLtc acid. 

(nYCQ·vroti3ids differ from the nUdeo-proteids and.. from bremo
glohin in not readlIy dissociating into the alhumin moiety and the 
prosthetic group. The carbohydmH>. it! olll)' set free hy (Jailing w)th 
Illineral acids OJ' hy the iutcl1::,;e action of alkalies, and by Loth of these 
procedures the albumin fraction is broken up into crystalline dissocia
tion-products or <1t 1e11,st into a]bunwl~es. For this reason, and also 
hecause other albumins cont,.-tin 11 carhohyJmtc-mdictll (p. 356), it is 
doubtful whether We arc justified in makilJg a special group of :I glyco
proteids." It is quite pos~iblc that in the so-called glyco-proteidH we 
are only dealing with a group of alhumins in wllich olle of the dis
sociation-products .. namely, the suga.r-ra~lical, is present in a larger 
amount than in the ordinary albumjns. 

To the glyco-proteids belong the mutins and related compounds, 
the egg-albumin and the little understood pho.~pho-glyco-protdd. :Egg~ 
albumin has already been den,lt with amongst the albumins on p. 353, 
and, therefore, only the sharply defined and readily recognisaule class 
of mucins and mucoids will be discussed nov,,'. 

Eichwald '*" was the first to ob!3erve that a reducing substance may 
be separated from mudn, and he was the first to regard muclfls as 
composed of an albumin + a sugar-radical. The nature of the mucins 
was subsequently most thoroughly investigated by Hammarsten, and he 
defined accurately the features of this group of proteids. The sugar
radical has been most thoroughly investigated by Miiller, as already 
explained on pp. 154-164. 

The muciJls and mllcoids are acid compounds, contaiJling no 
phosphorus, and yielding a reducing substance on being boiled with 
acids. Their percentage-composition is remarkable for the low carbon~ 

1 F. K. Schulz: and F. Dittborn, Zeitsehr. f. physwl. Ohem. 29, 373 (1900); 82. 
428 (1901). 

" A. Orgler and C. Neuberg, ibid. 37. 407 (1M3). 
:I C. Nettberg, Bcr. d. df'/ldsm cJu>:m. Gu. 34. IIr. 3963 (19(11) . 
.. A. Eichwald, liie/Ji;g's Annalen 134. 177 (186n). 
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and nitrogen- and the high oxygeIl-content, and this is owing to the 
presetlCe of the cllrbohydrate group which is rich in oxygen. The 
hibh pereentago of oxygen results, of conrse, in a low heat value.1 

C::'lyco-proteids conutin also fl relat.ively large amount of sulphur. 
ljttJe is known regarding their dissociatioll-products. Obolensky:1 
obtained from .1.n impurc mucin, prepared from the submaxillary gland, 
leucin and tyroSill; MitjnkolP from n pseudo-mucin, lysin and 
arginin. Ou decomposing pseudo-mucin by means of strong mineral 
acids Otori·1 fonnd pseudo-mucin to uifi"er from paramncin in only 
giying li"e to small amount,; of hnmin snhstltJlces, namcly, 2'6265 
gram Illes of humiIl from 43'3(l9 dry, ash-free (calculated) pseudo-mucin j 

'while 11itjukofP obtained vcry large amounts from par;tmucin. Otori 
gives t.he followin~ t:1.ble regarding the composition of pseudo-mucin ;-

The amount of carbohydrate presellt ml'ics greatly, hcing from 3 to 
3i per cent. III the submaxillary mucin Muller and f.3ecmann', found 
42 PCl" cent glucosamin. 

All mncim give a violet hiuret-reaction like the ordinary albumil!s, 
awl also the xitntho-protelc ami lead-sulphide reactions and the tests 
of ~1illon and Moliscll. The physical propertie;; of the true lllUcins 
arc discussed helow. 

The mucin$ and mucoids are not coagulated by heat, and differ in 
this respect markedly from the nati\'c albumins and froUl most of the 
prot.eids. They become, howeycr, denatnralised when they are acted 
upon by adds and especially by alkalies, or by alcohol and other 
precipitnting reagents l for they then no longer show their normal 
mucihginous character. This transformation or dissociation resembles 

1 P. B. Hawk allu W. J. Gie .. , Amer. Journ. V. 387 (1901'. 
'.l O1)olensky, HI.'1tpe-&y":r·/J J/ed.-chem. Unters. p. (1871). 
3 hath. Mitj.uk"OiT, Dissertation, Bi:lrn~ Arch. j: Gynd,kol. 49. 278 (1895;. 
~ J. Qtori,' -ZUlsc!~r . ./: physWl. eMIli. 43. 453 (1904). • 
I;, F. Mtiller and J. S_eema.nll, Detdsclu; mea. Wochensckr. 18!}9, f'. 209. 

," 
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the denllturaliS<1.tion of the true a.lbumins in being It permanent, irrc
yersible one. Gl_yccrproteids are pronounced llcid!'i, for the,r rednen 
litmus paper and are precipitahle lly stronger tlcids. They reseru11le 
the nucleo-alhumins in being nncoagulahlc b~' heat (which uoes not 
exclude thE' possibj]jty that t.hey hecomt~ dcnaturalised) and ill bcillg 
acid in character, but they differ fr(l111 the nucleo-(_tlhuminf' in pos~eiSsing 
no phosphorus and in containing it carbohydrate. Beillg add);! most 
glyco-proLcids arc precipitatf'd hy acetic acid, hut they are only 
sli~htly 801u1)]e in an excess of this acid, while glohuliuR, nuclco
albumins, Rnd nucleo-proteids ilre readily soluble ill all excess of {tcetic 
acid. Mineral acid::> also precipitate gJyco~pl'(lteidsl but the prceipitate 
llissolres mol'£! rendl]}' in an excess of such aci(]s. In solutions ()f 
alkalies, alkali~carbonates) and in ammonia, all glyco-!lroteids u,re 
r~~adily soluble, neutral and in some Caf'.CS eYOll acid Rldts heing 
formed. Excess of tin nlkali, ho\\'e"cr smnll, quickly derJitturalif;cR 
r:s.nd decomposes glyco-proteids. 

(a) The Mucins 

Mucin" arc founu in most of the slimy fluids occulTing in the 
body, aud the3' cause the sliminess. E\'en when greatly diluted they 
form more or less a.dhtsivc solutions, which may be pulled out into 
yiscous thread,'i. They arc excreted l1ormall)" p:tl'tly hy the goblet 
cells found on the surface of ftll mncom; membranes, such as the 
respiratory and alimentary systems, the hi1('-duetl3, ul'jnar>~' passages, 
etc., and partly hy deeply situa,ted mucous glalld~, amI ill particular by 
the submaxillary gland. Mucins are also found amongl;lt ilwertehrates 
-for example, in sna.ils, the skin (If ·which is corered with mucin. 
Other l,odies closely relateu to the mucins and forming the transition 
to the mucoids are found in connecti,·c tlssues-for example, in tendons, 
the vitreou$ humour, the umbilical cord, etc., and will be discu$sed 
under the beading of the mncoids. In .some animals the Jnucins are 
replaced by uueleo-proteids, v;:hich latter also possess the same slimy 
character. 

The mucin of the submaxillary gland of the ox, a.part from older 
inYestigations, has been studied specia.lly by Obolensky 1 and Land
wehr,2 by Hammarsten 3 and his pupil FoHn; 4 the mucin of the 
respiratory tract by Friedrich ~fiiller j [, that of the bile hy Landwehr, 2 

1 Oboleruky, Hoppe.Seylr:-r's ,j[ed.-che,,!. [/n{ersl!d •. p. 590 (lBil). 
2 H. A. Landwehr, kits.f. phys. Chem. 5. 371 (1881); 6. i4 (1881) : 9. 361 (l885). 
:1 O. Hammarsten, wid. 12. 163 (1887). 4 O. Folin, iUd. 23. 347 (1897). 
5 Friedrich MUller, Zeilschr./. Bioi. 42. 468 (1901), (here will h .. fonnd a. review 

of the. oMt'l' papm by himself and hi~ pllpil.\;)_ 
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Hammarsten,l Neumeister,:? IYinternitz,3 and Brauer; >1 the mucins of 
the snail " and the eggs of the perch \) by Hammarsten j that of frogle 
spa'NIl hy Gia,cosa 7 and Schulz :end Ditthorn; 8 that of hag~fish 

(Myxina) hy \Yaymonth l-teidY The fllllcins of the gastric and the 
intesr.iwtl mUCOUH In(?mhmnes have lIot heen specially investigated, 
n,lthongh judging by histological staining reactions the gastric mucous 
cells are much less acid thllll are the intest-ina'] oneR CMaml). The 
glncosamin - prepared froID these two mucins is, howeyer, the same, 
and also rosemhles that prepnl'od from the mucin of the respimtory 
tract. The mucilaginous Bulletances of the ovari,tl cysts are discussed 
below. The foIJowing percentage analyseg have been made:-

II 

4P'~ li'!) Jf)'27 
49'6[f i·ti4 11']0 
51'76 716 ]0', 

- - - ____ 1_ 

(D);) ! Ihmman.ten. 11l 

I ~lulh'r.U I 

I Hftmman.tcll. 5 

I HalllllHtrsh'll.·) 

, Hammal'f;ten. r, 
(1illl·OSlt. 7 

Scl'UJ;.: alll1 
I Ditthorll.~ , 

l'2iJ I ~1'7R . P"CUdO'nlIlCill (oYlnil's) Hallnnarsten. Jt i 
OWl·i. J;) , 

1'09 :!S'6P I J'aramudll (ova.ries) ).IitjllkofJ:H 
---------------_---.-----_._--_ -- _-_-_-

'Vhether the great dHfel'cnce:; shown depend on the existence of 
different mucill8 or on the want of purity of the preparations is un
certain. In their reactions the di:ift'rellt, IDlIcins so closely resemble 
one E4fi(Jther thnt the descript.ion of the crtreful1y examined suh
maxillary mucin, given by Hammarsten, holds good for all the other 
mucills. For methods of preparation see under bne~muci?, p. 537. 

1 O. Hllnlnmrsten. K(iIH·yl. G.'sdrsch. 
:1 H. Ntl111lleistl'r, ~"'i(;;I(I!!lSr)("r, drl' 

IS90 (reprint). 
;) n, 1Vintemitl, Olunn. 21. 38i (l8g;;). 
, I,. BI'tI.uer, 1·hid. 40. 
~ O. Hammarlltell, l:ffii,get"s Arck. J: d. ges, Pkys/al. 36. :373 {1885). 
Ii O. Haromarstell, Sl.:tllld. Arch. f PhY8iol, 17. 13 (1905.1. 
7 Piero Giacv.sfl, Zelt.~cJl1'. f. pltJlsiul. Chff)/. 7. 40' (1882). 
S F. N. SChlllz and F. Ditthorn, ibid. 29. 373 (lflOO); 32, 428 (190]). 
II Waymol1th Reid, JrYllrn.. fl.!, Pkyf<iol. 13. 340 (l89S). 
10 O. Hammars.ten, Zeitschr.f.physi(Jl. Chon. 12. 163 (1887). 

1893. 
Murch 8, 

11 Fr. Milner, Zr:its{'hr. f BiolofJ. 42.468 (1901\ (tbe older work by hiDl!\elf and 
by his pupils is he1'e reviewed). • 

111 O. Hamma:rsten, Zeitschr.j.1Jhysiol, Ch~n. 6. 194 (1882). 
n J, Ot{)ri, ibid.. U-:"453 (1904), (the pflrt'entage calculated from a supposed ash-

~ smbstance). ' ~ ~ 
14 K. MitjllkQff, Dissertation, Bern, and in AMi"!! j, G1J1f-iiJcfJl, 49. 12 (1895) . .. -
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1. Subma.rilhrry 11/ aNn 

Mucin forms Ii. white, loose, hardly hygroscopic powder, and may 
be preserved. in this dry state for year., without it~ properties hlwnm
ing altered. It is only with difficulty soluhle in ,ra.ter and neutral 
salt-sohttions j it is insoluble in acids, hut on th .. addition of acetic 
acid it, gives rise to 1L tough, ttdhesivi' curd. It iB, howevcr, rp;uJily 
soluble iu yery dilute alknlies, and then forms a neutmi or in some 
lnstances a slightly a.cid solution. Mncins are therefore prollouncc41 
acids. A solution containing 0-228 per cent of mucin heh,tycs like a 
typical mucilnginon;;; solution, being viSCOHS, adhesiv{3, and readily 
pulled out into threadlj, From its solutions it is prcclpitated hy 
acids, specially hy a~ctic acid, hut the precipitate, inst.ead of l)cing 
flocculent, as in the case of ordinary albumins, forms a tough, mucila
girlOtlS mass which, if stirred with a glass rod, winds rOllllJ the latter. 

Mucin is either not soluble or only f;olnble to a slight extent in an 
exees." of acetic acid, while it j..; readily dissolved hy o'} to 0'2 per 
cent Hel, but 110t. so readily as are the nuc!eo-alhllmins and the 
glohulins. Mucin if) precipitat.ed by acids Dn1,r jf the solHtions arc 
poor in salts; it is not precipitated in the presence of sodium chloride 
or other mmtml salts. Mucin, like all otber glyco-proteids, is not 
c()agulated nil being hoiled, and the addition of ace til! acid to a boilirlg 
S(,llltion of mucin does not give rise to a more abundant precipitate 
than can be ohtnined by adding ncetic acid to a cold ."o!ution, and if 
to the boiling mucin-solution some sodium chloride be added, acetic 
aCld will again cause no preclpitate. Brauer has made nse of this 
property in demont'3trating coagulable albumin in addition to mncin in 
pathological bile: he very slightly acidifies the bile, which alrea.dy 
contains salts) and then boils it: the coagulable alhutllin is thrown 
down, while the unaltered mucin remains in solution. Mucin is not 
precipitated by alcohol except 11 sufficient amount of neutral salts be 
present; in the absence of salts, alcohol onIy gives rise to a more or 
less marked opalescence. Mucin is precipitated by nitric acid, and 
also by copper sulphate, mercuric chloride, ferric chloride, and lead 
acetate. Potassiu~ bichromate and alum do not give rise to a preci
pitate, but convert mucin into a slimy, swollen mass, The alkaloidal 
reagents. tannin, mercury + potassium iodide, ete., in neutral solu
tions do not precipitate, but they do throw down mucin which has 
been rendered soluble by the addition of an excess of hydrochloric acid. 
Potassium ferrocyanide does not precipitate, but, at tbe most, renders 
the solution somewhat more viscous j it resembles the neutral salts in 
preventing the precipitation by means of acids. 
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~lul:ln is salted out hy Ratumted sodium-chloride and magnesium
sulphate solutions; the limits for ammonium sulphate in the case of 
bile mllciTlare 3'2 11tHl 4'(i, according to Ikfl-llPr. 

Mucin is vcry rC:'list<lllt to ;wids, hut is readily dellRturaHsed by 
.alkalies; if jt. he kept fUI- some time 10 feebly alkaline solntions, it is 
Itt first still precipitable hy means of acetjc acid lih It typical mncin, 
hnt soon it gives rixe to:t :3light flocculent precipit(tte, awl fillaIl,\" the 
whole of the mncin is thrown down as flocculi, and wbeneve1' this 
happens the s()lntirJIl has lo"t it!'; typical slimy character, awl has 
become a limpid );olution. The mncin is dmngeJ 'by alkalies into an 
alkali-alh11minate, and thPll po,.:sesscR tliH'erent properties and It different 
compusit.ion, for it is nnw n:mi]jly precipit,ned 1>.1' Sillts, alld may be 
precipitated h.'-" Itcid:-; if great cate he taken in exactly nctItl'alisillg the 
solut.ioll, as tlLe ll.entr:disatioJ1-preeipitllte is at. once dissol .... ed l'JT the 
smalJe,.,t excclis of ,tcid. The alkali-alLuminate difrer8 from mucin 
fnrther ill being pt'cripitatpr] by }l()tassimn fcrrocyanid{' + acetic 
acid. If stron.cer solution" of alkali are :dlowpd to act on ll11lC1U a. 
well-mal'kf>u gi"ing off of amnwnia nUl.,", be ohsclTed. Simihr 0])8£,1'

vations '\-1'-ore w:l,(lc hy Drcch::lCl and :\fitjulwfl'l-with tbt-' e]osely rehtted 
para-mucin, and h,l" K. A. H. ::\liirner 2 1LUd others with the ll1ucoids. 
In addition to alk:tli-alhuminates, t,here ()cf'llr, after .. orne time, in 
denat,nraliEwcl mucin solutions, alii>o a1bumoses pos:wssing the wmal 
I:barn.cteristics. 

Anima.l f!"um, Ji8cnss('d on p. ;)~8, is formed hy the action of 
st.ronger al1mlies. (See !-l.h;(l the index.) 

'Yith pepsin and trypsin, mucin dis80]VB.'5 to a clear, watery solution, 
contai!lin~ prohahly albumoses, according- to Friedrjeh Miiller·;3 and 
Mitjnkotr; I a splitting off of a carbohydrate or other 1vell-marked 
ra(lical has not heen obseryed. 

Towards putrefaction, according t() l1iiller 3 and Giacosa,4 mucins 
are Yer,Y resistant, "as tht>ir p\~culil~r physical property mall:es the 
entrance of putrefactjye hacteria a difficult matt,er, and ru; hacteridda.l 
bodies may also IHay tt part" (Cohnheim). The real reason, according 
to experiments made by the a,uthor, is the a.cjd ll1Lture of the mucins. 

,nth alkalies and the a!k.diue earths mncin forms soluble soaps; 
tbt> naturally occurring mucin is f30dium mucinate, according to MUller. 

To prepare chemically pure roucins is very difficult, as even in 
strongly mucilaginous fluids they are prese,nt in only very minute 

1 Kat11. Mitjukoff!.~ssert •.. Berll. Arch_f_ G~miik. 49. fM~. 2 (1895). 
':! K. A. H. MQrner, &andinat'_ Arch . .t Physiol. 6. 332 (1895). 
:J Fr. Muller, Ztit8cll,r. f. Biol. 42 . . 468 (1901). 
4 P. Giacosa., Z~it8chr f. pkysi.ol. CheJn. 7. 40 (1882). 
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quantities. l\Iucill~f'lolutions do tlot filter at Roll l'l'adily, and the 
t,ougb mucin-(,oagula settle only very sIo·wI)". FiTwll,", thero is :lhrays 

the danger of denaturaJi5atioll by means of alkalic;; or by alcohol. 

2. }Jile A-fucin 

:From the hilt- of man t'tnd dogs mncin mar he direct!,I" prccipitnLcd 
hy t.he addition of acetic' acid or of aleobol. 3::; no other 111hnmillous suh
st.'l.llCeS are pres/Cmt, hut 11 disadvtUltngc is that thi" umcill i,~ cOllt!lmi· 

11<L:,ed by bile salts and hil~ pigmellt", wbieh Paijkull l had f.,rl'cat diffi
('ult.'>, jJl removing hy long - continned dialysis. The mOeil) nf the 
submaxillary gland Hammarstcn prepares as follows: The gland is ex
tmctt>d ,\'ith \\"ater, <tun then hydrochloric [tcl(l j" added to the f'xtract 
to the extent of 0'1 to 0'2 per cellt. By t.his llW:1l1R llhlcin and the 
~~hund<1_ntly pl'eRent nucleo-protcid are hoth thrown down, l,ut thry soon 
pass into solution tlsnin. On diluting this ",olution eontainiug hrdro
chloric acid with four times its volume of djstil1t~d water, the mucin is 
agallJ preclpltnted, wh11e the nuclco-I)Toteid is ,I;tllj kept III solutiun hy 
the dilute hydrochloric acid. The mucin so ollLained is then carefully 
dissoh'cd ill ycry dilut.e callstie-potash f!olut.ion, or eVPJl better )Jl 

arnmoni<~, e-very prccanti0n heing taken to prevent the reaction from 
l)ecoming alkaline. The dissolved mucin is then precipitated with 
acetic acid; again dissoh·ed iII an alkali, rcpl'ccipit:ttcd with acetic 
acid, and this procedure repeated rmce more. The mncin from the 
snail was prepM'ed similllrly. 

3. Bron{'hia{ . .Murin 

The mudD of the respiratory pa.ssages Friedrich ::\1 iiller"l prepared 
ftom the glassy, purely mucQUs sputum of patiellts sllfrerillg from 
chronic 1ronellitis. The mucin is freed a.s mnch as possible from 
admixtures of pus, food particles, eLc., and is then precipitated ·with 
alcohol; the alhumin and nuclein are thrown down as flocculent 
precipitates, wllilc the mucin serJa,rates out as fine fibres, ll-I.ich mar 
be separated mecha.nically from the albumin, etc. The mucin is now 
repeatedlywasbed with very dilute hydrochloric acid (0'1-0'2 per cent) 
and soda-solution, dissolved in ycry dilute caustic soda., precipitated 
wit,h acetic acid, and the fibrous pl'ecjpit.at.e purified by dialysis. The 
mucin obtained in this way is free fr-om albumin and nudco-proteids, 
and with dilute soda-solution still gives an opalescent mucilaginous 
solution. 

1 S. Paijkull, Zeitsdu. f. physiol. ('hell •. 12. 196 (188i). 
2 Fr. Miiller, Zeitschr.j. B·iol. 42. 468 (1901). 
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4. Snail Jlucin 

The mucin of the vjneym'd snail, JIeli.r pomofia, differs in many 
resp('cts from that of vertebrates; it 1S relatlye]y readily accessihle, 
and has therefore heen iIlYCstigated repeatedly. The most minute 
examination ha.s heen made hy Hammarsten.1 The lnncin is not 
secreted as sHeb, hut as a mncinogen w hieh does not dissolve readily 
even ill alkl~lieH; when dissolved it forms a tough, not very muco1l8 
fluid, which gives the reactions of mucin, but which is not precipitated 
by corrosive sublimate. By the actioll of alkalies, or much more 
slowly by mere standing in wa,tery solutions, this mucinogen is con
verted into typical mncin. The phenomenon that mucous glands 
exel'cte mucinogen, which then hc('omcR convcrtl:'d into mucin, has also 
been ohRcrred hy Y. C exkull!. in the ease of the sea-urchin, where the 
change is hrought about by the action of sen.-water, and analogous 
instances seem to he common amongst the invertehrates. Tht' mucin 
of the salivary glands of vcrtefll'ates docA not pat's through the mllcin

ogen stage, aecording to Holmgren,::: Lut is from the very first a true 
llJucin. COIlS ide ring, hO\\-crcr, how rca,dily the granules Ia mucous 
cellI; are altered nnder the slightest provocation, the existence of a 
mucinogen st:igc canllot, according to the author"s opinion, he denied 
for Yel'tebralcs. 

The mucill of thB t'ggs of tho perch, according to Hammarsten,.4. is 
ill ripe rggs 11orm111ly iJresent as a mucinogen with trace.,. of mucin. 
In unripe eggs there is comparatively much mucin, and hence during 
the ripcnillg of eggs mucin is converted into mucinogen. It yields 
pseudo-mucin aud para-mucin. 

5. i'seudo~.J[1t("in 

Scherer:' dCRcrihed ill 18!l2 two substances from the contents 
of an ovaria.l cyst which he called" metalbumin " and" paralbumin." 
He and subsequently ",Eicbwald 5 could split off a sugar~radical 

from both these substances, and Landwehr to prepared from them, 
as he did out of mucin, animal gum. Tqese substances have been 
investigated more thoroughly by Hammarsten,7 who first called 

10. Hamlllarsten, p,!lii9er's Arch. 36. 373 (1885). 
~ J. v. UexkiHl, Zdtschr. f. Biol. 37. 334 (p. 388) (lS99). 
3 E. Holmgren, llanllnars,ten's account of t11~ Swedish papers in Maly', Jah:rubericht 

fur Tiercloem.i~, 27. 36 (1897). ' 
'0. Hanunanten, SI.:'O.nd. Arch.f. fhy<ri~l. 17. 13 (1905). 
Ii Accordillg W BammA"f!;I\len • 
• H. A. LandwelJ<;_. J. pkysiol. ~. S. 114 (1883). 
, O. Hawmarsten, iln·d. 6. 194 (1882). 

,~-
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them pseudD-mu(lins. Later on they were also studied hy Oerum, l 

Pf~nnenstiel,2 Leathes,S Zangerie,-l Steudel;5 Neuberg anu Heyma.nn,': 
and Otori.' 

In nonnal Grac'l.flan follicles, and ,'llso in the so-called hydrops 
Dvarii, Pfannenst.iel found only aiLumins, presumahl,V Ml'um-allrumin 

and serum-globulin, while the proliferating, pallil1ary, or glandular 
cystomata always contain, acc01'djng to Oernm and PhnnenElticl, 
pseudo-mucin, which imparts to them a more or less mucous or viscollS 
<'haracter. 

Pseudo-mncin, prepared by prccip;tation with alcohol, ;lccol'ding to 
Hammarsten's method, from cystoIllie fluids containing- no 01' yery little 
alhumin, is a fine, white, very hygrof:.copic powder. It is reatlily 
soluble in wa.ter, llnd if preseut in low concentratlons hehayes like 
mucin; in stronger concentmtions--Oernm found in oy<trial f'ystome<>; 
0'88 to 10'83 per cent albnminoll5 hodic:.-it forms a whitish, tough, 
a.nd mucila.ginous Huiu resembling n. thjck gum-solution. By acidifica
tion with acetic acid or hydrochloric acid, pseuJo-mucin is not pre
cipitated, and thus differ,;;; from the true mucins; neither dof'~ nitric 
acid precipitate, hut it renders the solution more opalescent ~nd more 
viscous. Otherwise pseudo-mucin gives the reactions of true mucins: 
it is ~ot precipitated l)'y ferrocytmlc acid or hy being bOl1eu, hut it IS 
preeipitated by 1eMJ acetate, mercllric chloride, and t11Jl1lic acid. The 
two reagents last mentionc(l do not produce, however, a true tloccula
tion, hut only lead to the formatiun of a mucilaginoui'i jelly. Alcohol 
gives rise to a tough curd, as it does in 801udons of mucin; pseudo
mucin is only slowly denaturalised by alcohol. 

Pseudo-mucin gives the xanthcr-proteic reaction and those of :MiUon 
and Adamkiewi('z. It js not precipitated by ma,gnesium sulpha.te, even 
if the reaction be acid, and when boilt'J with acids liberate6 glucosamin, 
which, according to Zangerle, is identical with the gIucosamiu pre
pared from true mucin; he obtained 30 grammes of glucosaJDin from 
100 grammes of pseudo-mucin. Neuberg and Heymann found consider
a.ble quantities of glucosamiu, and believe tha.t the other cal'bohydrates 
mentioned by Lea.thes are absent. The dissociation~products i which 

1 H. P. Oerum, JIaly's J()1~rtJSber£cMf. Tierchemu, 14. 459 (1884). 
:2 J. Pfannenstiel, Arch, f. Gynak. 38. 407 (1890). 
:I J. B. Leathes, &hmiedeberg's Archit' f. experiment. i'athol. 1md Plw,rmaJrol. 43. 

245 (1899), 
" Ziingerle, ;.tliinchtmer med. J.r~chr. 1900, p, 4\4. 
ij M. Steltdel, Zeitschr. f. phyaWl. Chem. 34.353 (1901), (good account of older 

literature bearing on the carbohydrnte-radical). 
6 C, Neuberg and F. Heymann, Hofmeisur's Beitrage, 2. 201 (1902). 
7 J. Otori, ZeiUchr. f. physid. Chern. 42. 453 (1904). 
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Oton ohtained lIS acting on pseudo~lllucin with boiling mineral acids 
ha.re alreltdy been tahulated in the introduction (p. 534). 

6, PlIl'tI-J.1Jurill 

A \'H,rict.y of pseudo-mucin, fir:;t descl'ihcu hy Drechsel and 
Mjtjukofi~ 1 and later by J)allJ;er;~ Leathes,;\ and Steudel,4, is the 80-

caBct! pal'UJ IllI1Cill. Occasiona.lly one find" in all the ovarial cysts, 
Of ill some of the Cyst6 of the multilucubr tumour, not a fluid, but, a 

trembling jell.ll, to which :.\Iitjukofj' first gan the name of para,-mncin. 
It is insoluhle ill witter, shrinks Oll the addition of acias, is changed 
by acid absolute alcohol into a fillC, not hygroscopic powder, \yhich is 
converted aga.ill into a jelly un bei!lg moistened ,yith a litt,le alkali
solution. On the ndditioll of gteater (j_lumtities of potassium or 
:o:odium hydrate, pam-mucin di:'3sulYes into It slimy solution, which gives 
the ordinary mucin-reactions: it, is not coagulated by being boiled, 
and is !lot precipjtatod Dr ferrocyallic acid, although a slight turbidity, 
Jepending probably on traecs of albumin, may show itself. Tannin, 
lead-acetatl), etc., cause a precipitate, as do also acetic acid and mineral 
acids. III this last feature para-mucin Tesembles the true mucins alld 
diffehl from pscudo-muciu. l'~xcess of mineml acids renders the 
precipitate soluble. 

Amongst the dissociatioll- products ~1itjukoff found lysin and 
arginin, and at lettst 12'5 per cent of a reducing substance, which was 
Hberatecl by boiling with acid8; Stendel obtained about 12 per cent 
of the latter. Glucosamin o(';cnr$ in para-mueins as it does in other 
glyco-proteids, as a more complex compound. 

In certain cystomata, in addition to pseudo-mucin, are also found 
considerable quantities of albumin, essentially serum-albumin; this 
mixture corresponds to Scherer>s par-albumin and, as Hammarsten 
has shown, resembles both in composition and iu reactions, a 
mixture consisting of albumin and pseudo-mucin. 

A 8ubsk'tnce dosely l"csembling pseudo-mucin, but containing only 
45'T4 per cent carbon and 5'68 per cent of nitrogen, Hammarsten [> 

once found in a " ganglion" of unknown origin in the lc£; of a man. 

1 Kath. ]ln~j\lkofT, Dis~ertati()n, Bern, 3.l1d ill Arch.f. Gyniik. 49. No, 2 (1895). 
2 Tll. Panzer, Zeitschr./. }lhysi.fJL ('hem, 28. 363 (1899). 
3 J. B. i&athes, Arr-h.f. e:rperi!l~_' Path. u. Pha:nnaJ:. 43. 245 (1899). 
~ H. Steudel, Zeil~hr.f.pkysiol. C~m. 34. 353 (1901), 

~ O. Hamma,.'"Sten a,b~t.~t ill Naly's J((hresiJer. fill' Tierckemw, 22. 5tll (1892). 
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(b) The Mucoids 

Hammarsten bas called a number of suhstances, which clo:;cly 
resemble mucins in their composition aud in their reactions, hr the 
name of mucoids. These lUucoids differ from mucins Plther as regards 
their physical properties or by not lH:ling precipitable with acid::;. 
They are found partly in solution, as, for example, in h]OOtl-st'rulll, 
in the white of egg, or in ascitic fluid, ana pardy along v,'ith collagen, 
otr:., in the tissues. Their separation from the mucins is quite 
arbitrary. The roucoids occurring in the vitreous humour, in tendons, 
ana in the umbilical cord are hy some called mne-oids, and by uthers 
rouc'ins, \vitbout, their properties differing from one anothcl' jn any 
markp-d way. \:~lith the view of reserving the name U mucin" for tht:! trlle 
mncinous snhst.'lllccS secreted by epithelia, Cuhnheiw calls all suh
stances lIot ucrived from epithelium, hut, from cOBnective tissnes 
"mucoids. \, The tissue-mucoids ,,,,hith rt'semlJlc the IDu<.:ins mose will 
he diseussbd in the first instance, and suhi3cqucutly thc soluble mucoius. 

1. Jlu(',(Jir! frol/l Tehdons alld /)'1/(((;8 

Lochi:sch,l Chittenden ami Gie",;) and Cutter and Gies 3 have 
isolated. I~ suhstallce from tendons which does nnt differ from the true 
mucins in its properties. Its composition also resemhles that of the 
tllucills/ the oILly exceptional feature heing the high sulphur-contt-nt: 

LC'lrene (j separateu from t.his mucoid a substaIlce closely resembling 
chondro-sulphuric aciJ (see helow). 

When lwiled with acids, or with watnr under heightened 
pressure, a high carbohydmte 1S liberated, '\vhich does not reduce, 
which is slightly dextro-l'otatory, and which, hy more intense 
action of adds, 1S converted into a. reducing carbohydrate, which 

1 J1. F. LoebisdJ, 
1. 186 (according to 

Mall/'S Jahresber-. (. TierchCln. 26. 
; \V. J). Cutt~r flD!} \V. J. Gies, Amcr. Jmmt. qf Physiol. 6. 155 (1901); {~olJlpare 

also A. N. Richards and W. J. Gies, il;-id. 7. 93 (1902); G. W. Va.ndegrift aud W, J. 
Gies, ibid. 5. 287 (1901); :-:. Bunger aw\ W. J. Gie~, £l;id. 6. 21~ (1901) . 

.. M. F. Loebi~(_h, Zei/)Jc/!/r.;: physiol. Clwm,. 10. 40 (1885); R. II. Chittcwkll and 
W. Gie.", JOU'fw. .JiNl.l_ )86 (according to hI{uJI'!i Jahresbc1'.f. Twrchun. 
26. 32) (1896); D. Cutter and \\'. J. Gies, Aliter. Jrwrn. of Pkysw"l. 8. 155 {19{)1}; 
compare ah.o A. N. RLchar,b and W. J. Gies, ibid. 7. 93 (1902) j G. W. Vandegrift and 
W. J. Gies, tbid. 5. 287 (901) ; S. Bunger and W. J, Gies. ibid. 6. 219 (1901). 

~ P_ A. Levene, ZF.iUchr. f. phySJ~ol. Chem. 31. 395 (UIOO)_ 
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forms a well~defined osazone; 1 \yhether this substance is gluco
samin has not yet been determined, Tendon-mucoid resists the 
a.ction of alka.1ie$ more strongly than do the mucins. To prepare 
tendon-mucoid, tendons are extracted with half-satlIT'd.ted lime-wa.ter. 
AccorJing to Posner and Gies, 2 tendon-mucoid, in the presence of 
sulphuric, hydrochloric, or acetic acid, forms relatively stable com
pounds with alkali-alhuminates, acid-albumins, proteoMs, gelatine, and 
the water-soluble alhumins of muscle, tendon, blood-serum, and egg
white. Tendon-mucoid reacts, therefore, in exactly the same way as 
would chondro-sulphuric acid and glyco-thionic acid, These new com
pounds bave /tn acid reaction j a.re compa.ratirely insoluble in dilute 
acids; hehave towards precipitating agents as do mucoids; do not 
hecome coagulated in neutral solutions; contain more nitrogen than 
does the mucoid hy itself j and when boned with dilute hydrochloric 
acid hYive rise to glyco~thionic acid and a reducing substance, Because 
of the ease with which tendon-mucoid reacts with the albuminous 
suhstances enumerated above, jt is probable that mucoid occurs nor~ 
lua11y in the body ill comhinations similar to those obtained in the 
test-tulJc. 

Gies 3 has prepared a substance identical with tendon-mucoid from 
bones, which he calls" osseo-mucoid." It also possesses a high sulphur
content (2'5 per cent), and contains likewise a paired sulphuric acid, 
.and thus resemhles the chondro·muroid. 

2. Chondro-l1fucoid (tnd Uhondro-Su!.phuric Acid 4 

Johannes. Miillerf> in 1837 cOlUed the ground substance of cartilage 
"'chondrin," and believed it to be a special substance; G. J. Mulder 6 

in 1838 showed chondrin to contain a definite amount of sulphur. 
Fischer and Boedeker 7 and de Bary 8 then demonstrated that chondrin, 
when boiled, gives rise to a reducing substance. Morochowetz 9 

first recognised that the ground matrix of cartilage is a mixture of 
.ordinary collagen and a mucin-like substance. The full explanation 

1 R. H. Chittenden 8.11\\ W, Gles., Jo'Urn. oj experirnent. ~l[ed, 1. 186 {according to 
Maly'a Joh1"e8ber.f. Tie'l"c}Uln. 26. 32) (1896). . 

!! E. R. Posuer and W, J. Gies, Atn(1\ Jaurn. of PhYJliol. 11. 404 (1904). 
3 P. B, Hawk and W. J, Gies, A7Mr. Jonrn. of Physiol. 5. 387 (1901) • 
.j, The author has shorteued the term ehondroitm·sulphuric acid, used in Mandel's 

tra.nslatioll (Jf HlI.mmar.sten'.g PkysidOflt'cal CkemUt'I"J/. 
5 Joh. Miiller. LiPJig's Annalen, 21. 277 (1837). ~ 

6 Q, J, Mulder "WII.S the fiJ'llt to malia quantitative estimations of the amount of 
.sulphJr and phosphbr~ hi .--white, fi'otin. and serum. 

7 G. Fi$Cher and C.'1toe'deker. i.JJid. 117. In (1861). 
8 J, de Ba.ry, Hpp~-&YlM-'$ Med.-CM11I., Vni.e'rsuch,. p. 71 (1866). 
fI L. Morocbowetz, ~handl. d. naturhi8t.-med. Vet'. Ht.i.delh. N.Y. I. P. f80 (IS76). 
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as to the composition of cartilage, as also an accnrate dei:>criptioll of 
the.chondra-mucoid, we owe to Morner,l who showed. that cartilage, 
apart from the cells enclosed in it, consists, firstly, of rUl ulhuIDoid, 
'which forms a trabecular network, and, secondly, of col1<tgen Itnd 
mucoid, \ ... hich fill the spaces between t,he traueculre (compare with 
p.566). 

Chandro-mucoid shows the usual reactiollS of the mucins and 
IDuC'oids: it dissolves in alkalies to a nentral, thick fluid, and is 
precipitated by acius. ~lost of the salts of the heavy metal:; came a. 
precipitate, but the alkaloidal reagents do not; tannic acid ill pa.l'ticula.r 
does flot precipitate, e~'en in the presence of saltli. Chondro-lllucoid 
even prcycnts the precipitation of other albumins, such as gelatin, h.v 
ta,nnic acid, and this explains the older statements as to the lIOn

precipitability of chondrin, ",>hich is a mixture of chrondro-TIillcoid and 
of gelatine. The cOlotlf-l'eactiolis are all positive; ammonium sulphate 
s~~lts out. The percentage composition I of chrondro-mucoid corre
sponds to that of the mucins; the high sulphur-content, 2'4:3 per cent, 
of which l'S per cent is due to cbondro-sulphuric acid, is specially 
hoteworth_v. 13y the action of acids, and even more readily by thl1t 
of alkalies, towards which it is very susceptihle, it is dissociated, there 
being formed all alhumin:lte, alhumoses, and peptones, a reducing 
carbohydrate, and chandra-sulphuric acid. Fischer and Boedeker 
prepared, already in 186], a nitrogen-colltainjng acid from cartilage; 
afterwards Krukenherg2 called this acid "Chondroitsaure," and described 
it more funy. The acid was first prepared in a pure state by Morner, 
who reco~'11ised it as a paired sulphuric acid, and who accurately 
described it.,; prope.rties. Subsequently it was investigated by 
Schmiedeberg 3 and Orgler and Neuberg:1 The chonJroitin-sulphuric 
acid OT, shortly, chondro-sulphuric acid, is a colloidal substance of 
unknown constitution. If it be boiled for a short time with acids it 
becomes decomposed into sulphuric acid and a remainder, which con
tains no sulphur, and which SchmiedeLerg called H chondroitin." It is 
therefore a paired or ethereal-sulphuric acid. 

Chondroitin is a gum-like acid which, by further action of acids, 
is converted iuto H chondrosin," an aminated polysaccharid. From this 
latter Orgler and Keuberg prepared it hexosamin· or tetra--oxy-amino
caproic acid, the exact configuration of which iEl still unknown. They 

1 C. T. MOrner, Skandinav. Archivjii:r Physiol, 1.2.10 (1889). 
2 F. C. W. Krukellberg, lSitzungsbe1'. der Wilrzburger phys.-meil. G(',8. 1883 (reprint); 

F. c.. W. Kmkenberg, ZeitsM:r.j . .Riolog. 20. 307 (1884). 
s. O. Schmiedeberg, Arekivf, expe1'iment. Patlwl. UM PkanlUlk. 28. 355 (l891}. 
4 A.. Orgler $nd C. Neuberg, Zeitsckr. J. pkyM. ekern. 37. 407 (1903). 
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lIe allie to exclude the presence of both glucosamin and also 
y"curonic acid, which latter Schmiedeberg has assumed to be pre17ent. 
1C hexosaruin-acid gives Ehrlich's reaction with p-dimethyl-atnino
mzalJebyuc (sec p. 1 u), whicb is hcheved to he 11 test for the 
OJJO- or di-ncetate of glncosamilJ. 

The percentage composition of cholldro-sulphuric is 

C 35-28 H 4-G8 ;'\I 3-15 B 6-33 050-56 (M<imer)_ 
C :17-j H 4-83 N 2-n S 5-5 050-14 (Schmiedeherg)_ 

Some other preparations of Schmiedeberg showed sljght deviations. 
Chondro-sulpburic acid haf'. a strongly acid reaction, and forms 

vith metals neutral salts which, as a rule, are readily soluble. 
,clilniedeherg prepared amorphous copper-, iron-, and potash salts, as 
r\>ell itS a copper-oxide salt, In water the acid is readily f;olublc, and if 
mfficiclltly cOIH~elltrated is of a gum-Jike consistence, It is precipi
tated by &tllJlIlOnS chloride, btlsic lead ;!eet,il.t,e, mercurous nhrate, 
ferric chloride, and uranium nitra.te, but not hy other mettds .. nor by 
any a,ciu j or by the alkaloidal reagents, Hy acetic acid it is, however, 
precipitated if the acid he largely it! excess, a.nd by alcohol if salts 
Ill'C present, It does riot reduce, Lut keeps copper oxide and other 
metallic oxides ill solution by forming s()1llble salts, Its ·watery 
solutions arc laeYtH'otatOI'Y. 

\\~it.h alhuminous suhstances, for example with gBla.tine, chondl'o
sulphul'ie acid forms insoluble salts, which behaYt~ like nucleic acids, 
for they become hydr()lytically uissociated in the absence of an excess 
of acid. The salts of c}wndt'o-su]plmric acid, howe\'or, do not precipi
tate albumins, and therefore the mixture of sodium or potassium 
chondro-sulphate and gelatine, which one obtains by digesting ca,rtilage 
with pepsin, or by boiling cartilage in ~1 Papin-pot) is only precipitated 
if cite chondro-:mlphuric acid is liberated lJr the a.ddition of other acids; 
mineral acids ill excess re-dissolve the precipitate, This reaction is 
also of jmportapce in connection with t.he mucoid found in the urine 
(setl below), The greater part of chandra-sulphuric acid is a con
stituent of chandro-mucoid, but a small a1Jlouut, according to Mijrner 
anti Schmiedchtirg, occurs in cartih:Lge either in the free state or as an 
alkali-salt. To demanstr.'l,te the presence of combined and free 

chondro-sulphuric acids, Morner proceeds as follows: The tiS&UeB are 
extracted with caustic potllsh, the extract i.s neutralised; the chondro
sulphuric acid is precipitated, with alcohol a.nd dissolved in water. 
Tl:.is watery oolutioI1 'must show the following tea.CtiOllf5 :-

1. Give a· preeipit<l.te with gel~tine 8.nd acetic acid. 
2. Give a predpita,te with glacial acetic acid. 

",,-
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3. Give a reducing suhstance aftl'l' h;1\'jnl! he en hoiled with 
hy&ochloric acid. 

4-. Give sulphur-reactions. 
Mhrner,l adopting theo:.c te~ts, W<1:"; ,tble t(l (lemo]l"trak thf' 

prcsenee of chonrlro-sulphuric acid ill all \"arieties of eal·tila!.!c, in 
e.nchondromata, and in the inner layers of Ow aort<l; 1,i)llt~iH'l'g ':.' 

f(Juwl it in the kkitte (Hnja h:ttis); trace;; of it were al::;o fouwl )1\' 

~Iornt.'r:J and Krnwkow ~ ill hone"" hy Krawkow in the ligamcnt'''~l 
VllCkt' and in tht' gast.rie ll111COlB memhnwe of dIe pig. It wonld 
appear to also occur in the mucoid of tcndont:. ,tnd hones (see ahoye) 
Levene ,-, states to hrn'{', djseo\'c],Nl a simil;lr !'uhstanr(' in the. sph'(,ll-

Large amounts were found hy ;Schmiedeherg's pupiL,; JkJdi f, and 
Krawkow 4 in 'fLlllyloid' (:;ee p. ;); :1:), lmt in this'subRtallt(' it s('ems to 
be more firmly united thtU! in chondro mucoid. Ac(;ording' to Kmwkow. 
chondrn-lml!Jlmrie acid j" the c~tuse of am.,,1oid I'lt~Lilling with methyl 
\'iolet. If sodium ChUlldl'o.su)phate he wlministered in the food it i~ 
excreted in large amountl'l hy the kidneys; tl'aecs are also found in 
thl" liYCI'. K, !\]i'irncr' has finally fOllnd chonrlro-sulphurj(; acid 
regularly anti in not ineonsidcrahle quantitiei".--ahout (l'Of, pel' eCllt-

In nanna] urjne. Thj~ (Jh"ervatJon is important, bec1~use if alhnmln lIt' 
p1'esent, chondra-sulphuric aeid will prccipicate it wbcllc\-cr the urine 
is aeidified, and, on the other ha,nd, some alhumin-reactions, as, fc)l' 
example, precipitati(Jn with t:wnic acid) will he prerented hr it. A 
certain vercentage of the ethereal sulphuri(, acids helongs, therefore. 
to chomlro-sulphuric acid and not to indoxyl-snlphnric .:wiJ, (:tc. 

To prepare chondro-sulphuric acid ~r(irner proceed:;; iLk follows: 
The cardJagt, is cliyjded into small pieees, and is t.llf!n extracted for
several days at room temperature with 2 to fj per cent caustic potn,sb. 
This extrad eontains, in addition to ehondro-'mlphuric acill, lLIl 

albumiwtte and the aJbflrnoses of the mllcoid, :~ little collagen and 
a.lbumoid. To remove the albuminate the solution is first neutralised 
and then rendered slightly acid ,lith ttcetic or hydrochloric acid; the 
other' albuminous substances are then removed with tanllie acid, first 
in acid and then in slightly alkaline solutions; the umnir ,'Icid i." 
precipitated from the slightly acid solution ·with lead acetate; the lead 

1 C, '£. ~Hil'ller, 7,cil.~("/li".f. 1,IrYiliol. ChPj)/. 20. 3:)7 11894;. 
2 .T, Li,nnhe.rg, HamIllaT~ten'" ahstra.ct from tl1\) SW<;,llish uri~nal in .IlrdJ(s .fuhrp< 

T~N:Ju:m. 19. 325 (lSS9). 
'1'. MiJrner, Zritsckr. f. physiol. CI/('"l, 23. 311 (1897) . 

.. N. P. Krawkow. &nml'<:deoh"r/s Ardo .. l I'_rpcr. Paik 1&. P/umh. 40. 19;') !l89i). 
II P. A. Levelle, Zei(sc!U'. f. physiol. Ullem, 37. ·-toO 
6 Ruggero Oddi, &hrniedebtrf1's Arch . .r: e.,per. Path. u. 33. 376 (1893), 
7 K. A. H, Morner, .Ska.ndina.'t • • 4,-cJ1./- Phys-if!1, 6.332 (1895). 
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is removed with l'5ulphllretted hydrogen and the filtrate freed from 
salts by dinlysis, Finally) the solution is strongly inspissated) .fln!] 
after the addition of some sodium chloride pre~ipitated , .... ith alcohol. 
}-;t:hmiedeberg digests the cartilage-be used tlJl) uasal septum of the 
pig-with pepsin"hydrochloric acid, and thus obtains u. doughy residue 
(,(IHsisting of collag-en and chondro-sulphuric acid. The ac]!l is then 
converted into the cupric oxide potash saIto 

3. The J1 I/r;oid,~ f!l fhl' nt}'('(JUS JIIJrf/onr) fhf CiY)'JJ('fI) mui t111; rmliili{'.(ll 

Cord 

YirdlOW I was t he first to notice that mucin-like substances occur 
ill the l'itreon.-; of the eye awl in the mnhiHcaJ cord, The mucoid of 
the dtreoU8 was then inrestigated by J\forner:? and Halliburton and 
Young,:; Although the mucoid amounts to only 0'1 per cent of the 
yit.reolls IlUlUour, it yet conditions the piJysical properties of the humour, 
'which res{,llIhlc.s a. very thin jelly. It giv{'s the ordinary mucin
reactions; acet.-if' acid preciJ,itates it from solutions pOOl' in salts; 
alk<-tlies diss(Jlve the precipitate; the alkaloidal reagents and some of 
t\1(I beavy metals c<tuse precipitation, as do a18~ potassium feno
<',nmide + ,I('etk acid and nitric acid. It gives all the ordinary wlonr
reactions, except Liebermann's reaction) showing that the presence 6f 
tryptophane is not well marked. Sodi!lm chloride salts it out from 
Hcid "olutions, and magnesium sulphate also from neutral solutions. 
According t.o Young, heating from 70-72° in sli~ht1y acid solutions 
{'auses c1emltllrHJisation. 

Til(' vjtreoll~ humour contains, in rtddition to mucoid, also trace~ of 

alhumin. 
The mucoid of the cornN~ has been prepared and 1~naly~cd by 

Aliimcr:' 1 t ri'.~emb}es the HJUcins as regards precipitability by acetic 

acid; it is pl'ceipitnted by the ILlkaloidal reag-ents j except by ferro
('rllllic acid, ana by the salts of t.he heavy metals except by corrosive 
sublimate, etc, • The ground substance of the cornea contains ~O, and 
that of the sclerotic coat 13 per cent of mucoid; the remainder is 
~onagen (compan::. with p. 56 fI). 

The muc(Jid of the umbilical cord has })l'en ",tudied by Jernstrom ;) 
and Yaung. 3 It possessel,! the ordinary· character of the mucins; the 
carbohydrate radical is I'ead~l~· split otf by 2 per eent hydmchloric 

J Rud, Virtlhow, VirdtQic'" £{rdll''l'' 4. 468- (1852). 
:t c. T, Motn~! ... Zeilschr. f. pkysiol. Chern. 18. 233 (1893). 
~ R. A,. '{.mrog; Jon'rH. of Phy~iol.;l6, 3:!5 (1894). 
4 C. T. Mi.irner, Zelt.Wlr. f. pkpi.ol. ekt'!}!, 18. 213 (1893). 
f> E. A .• Tero$trom, Maly's JaAresber. f. Tierdu;m •. 10. 84 (1880). 

"" . 
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:l.cid ill thirty minutel'o, ac('.ording to Young; ail101Jgst the dissociation· 
pro~ucts is found indo!' 

The :m.1.lyses of Marner alld Y Dung yield the samf' figares Il.<; 

obtained with other mucins. 
The notochord, whicll otherwise resemhles the umbilical cord, does 

not contain n.ny mucoill, accorrlin~ to Kossel 1 (compare with p. ;)71:\). 

~ eumeister:: anu Salkowski 3 had ohserved that white of egg 
contain~, hesidcs the well-known albumill and glohuliu 1 another 
subsU-tnce ·which has propertios of an alhulllose. This hody N ellmC},.;ter 
called pseudo-peptone. l\Iorner ~ reeognised that the new 8ubsta,nce 
wall a glyco-proteid, and hence enlled it o\·i-mucoid. It occurs in 
large (juantitic6 in ·whit,e of egg, forming about one-eighth of the 
organic constituents, or 1'5 pel' cent of the solution. The ovi-muGoid 
re3f\mhles the other Dlucoids iu not heing coagulated by heat, hut it 
is.; also not precipitated by a,eius such as acetic, hydrochloric, or 
nitric [I,cids, or hr metallic salts or most of the alkaloidal reagent.<;. 
It is, howe'\"cr, precipita.ted by tannir acid, phosphomolybdic acid, 
lead acetate + ammonia, ntH1 hy aJcohol. The }Jcst method of pre
paring it consist~ in fir:st removing tbe albumin and the globulins of' 
the egg\yhite, by heating the latter after slight aciuification, ,tnli t.hen 
precipitating the mucoid, in the tUtrate, with alcohol. 'VhclJ dried, 
it forms brittle, transparent Ia.mell~; a conccntmteu solution is 
adhesi,'c like gum; It dilute solution foams strongly, hut calHwt he 
pulled out into thret~d8. In cold water it simply swells np, without 
passing into solution, but on heating it dissolves, and dOBS not 
separate out on cooling. According to Morner, it contains 

12 '85 per cent of H, lwa :2·2 per cent; of S. 

The greater part of the f:>ulphur ma.y be split off by hoiling with 
alkalies, but Zanetti 5 finds that boiling \vhh hydrochloric acid lihel'
ates sulphuric acid, and this must, therefore, hlwe originally been in 
the form of ethereal sulphuric add. In addition to the lead-sulphide 
reaction, on-mucoid also gives the reaction of MilIon, and the hiuret 
and xanthoproteic tests, while, according to Morner, it does not give 
the reactions of Liebennann or Adamkiewicz, and therefore it ooes. 

1 A Kossel, Zr.it~Jtr.f.phy8iol. Chan. 15. 331 (1891). 
2- R. Neumeister, Ze«schr. f. llioloq. 27. 309 {1890}. 
3 E. Salkowskl, Zentralhl.j. d. med. Wills. 1893, No. 31. 
4 C. 1'. :Mi,ruer. Zt'itschr.J. pkysiol. Chem. 18. G25 (1893), 
5 c. U. Zanetti, Ann. di Chim. e Farmr'<,. 12 Acconlil1g tl) Jlal.1!'s .Jahresber._f. 

Ticrokem. 27. 31 (1397). 
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n(}t contain tryptophane. Sodium chloride doe,,> not salt out ovi· 
mucoid, "while sodium- and magnesium -sulphate do so on bo-ilVlg; 
precipitation with ammonium sulphate commences in ~ saturated 
solutions, I1wl fully saturated solutions arc required for a complew 
separation. 'V-hen hoiled with acids, a. reducing sul)l,tance is split 
nff, which has heon carefully investigawtl by Friedrich Muller and 
Seemann j! till!'; retlucillg radica.l is identic!tl with the gIucosamin 
which may be obtained from true mucins, lmt the glllcosamin d()cs llot 

occur in the molecule afl ;;nell, according to SteudeL:! Out of 100 
~ntmmc;:; o\"i-nmt:oid kecmann olltained 29'4 gramrnes of glncosamin. 
Amongst the di""(Jciatioll-pl'odncts he ohtailleJ acetic acid alill a 
dj,et.byl-s11lptlillo-fatty [wid. "~eydelllann :3 prepared from o\cj-llmcoid 
La.ndwehr\ 'anillml gtUl1,' which ret'emlf]rs that obtainalj]e from mucin 
aIle} pseudo-mucin. 

i). ;';"'1"IIJIHII1ICoid 

%auctti 4 fount! ill hlood-serum a mucoid, which dosely resemble" 
(f"i-Ulncojd ill itt; p)"opertieA I1m1 in its composition. Its presence mllst 

he taken inLO ftt:C{)Unt when wllrking at the scparatioh of sugar-radicab 

from serum-album],). 
6. J[uroid limn Crilli" 

A 111U('oid \\'hidl a180 resembles O\·i-mucoid., hut which is more 
nearly related to the mueins, heing precipitable hy acetic acid, lui, .. 
heen isolat.ed fly K. A. lI. :\liirnc1"·' from human urine. From 260 
liLres he obtained 4':) gl'arnmes. It I>; partly in solution and partly in 
the form of the so-called' nnhceula.' In some animals it 18 replaced by 
a n!lc]co-~l1humin, and tIlt' nncleic acid from tbe ]eueDcytes of .the urine 
klS also a mucilaginous character (see there). Stiihelin 6 describes a 
hody ha.\-·ing sOlDPwhnt. different properties, aj~ occ-urring oCMf3.ionally 
in the urine. 

'j. ilfncoid /1"1/1/1 Ascitic Fluid 

A number of ascitic fluids formed during different etiologica.l COD

dit[llns h:we been. inv"estigated by Hammarsteu,'j" PaijkulJ,s Dmber,9 and 

1 .J. x.,'ilmIHJll, Di~l'ertRtioll, l'r1:1rh1lrg, 
iiiI'd. H"ocltt'/t,,·,:!lr. 1899-, 209; I'. Muller, /lit)l. 42. ~68 (190]). 

~ H. St~ndd, Ciwm. 34. 353 (1901 J. 
)bu·bllrg, 1896. 

{ C. U. Z;m{ltti. An,t. di Chim. c POl"m-llt. 12.. Acco-rdlng to JI(dy'-, Jahusbfl". J. 
Tin-chem. 27.3] 

b- K. A. H. I\lilrller, Al'dlirf. Pllysi(Jl. El 332 (1895). 
6 Shlhelin, ~lfiillcheti£r I/wd. WQchenschr. H102, p. 1412. 
7 O. Htlmllla.nten, Zei.t8C!t:.r.f.pkysiot.' (",hellO. 15. 202 (1891). 
6 L. l'aijkuU, M(dIl:8.iiJt,rube-Y'/. lti~,.clum.;A2. 558 (1892). 
g F_ Umber, Ze-it~'ir • .1: kiill. MetI. 4.8. Hefte 5 and 6 (1903); MiJ,nch. md. 

WacMns,;hr. II. p. 1169 (1902). 
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THE GLYCO-]lROTEIDS: MUCOIDS 

St..~helin.l They found a. mucoid, which imparted to the fluid an opalct<
cent appearance and a peculia.r yjf;cosity. 'Yhen pure the mucoid 1s 
precipitated by means of aceti(· acid, hut, from ascitic fluid only 
after the other albuminous subElt..1.nees hfl.VC been remowd and the salts 
have heen dialyscd oft~ or after greatly diluting tlle nscitic fluid. 
""hen the coagnJullle albumins are precipitated this mucoid is als:.o 
carried down according to Stiihelin, hut lt is possih}t, to hring it again 
into !5olution. Umber diluted the ascitic fluid, precipitated with acetiC' 
1l-Lid, R.m] then purifieu tbe precipitate with alcohol and ether. The 
mucoid is precipitated hy the alkaloitlal reagents, also hy potassinm 
ferrocyanide, nit,rie a6d, c(lpper sulphate, ferl'le chlorjde, and leaa 

avetatc. It gives an the (:olourTeactioIlS of alhumins. It is com 
pl~tely precipitat.ed hy half-saturated ammonium sulphate. As hoiling 
f(Jr a short time with a.cid" gives J'i"c to only ycry minute quantitiN 
nf a reducing sul)Btancc, 1.~ roher a1\d ~tabelin have doubts as to 
whether thi,,, mucoid if:; a mucin at aU, hut. that it is really a mucin 
has been shown yon Holst ~ ,yho, working nnder Hammarsten, has 
mitde a n~ry study of ascitic 'l.lld srn01'iaJ fluids. The ascitic 
fluid ohtalnecl from :t patient 1'ufferillg from calli.:cr ventric,,]i et 
peritorlei, was of tt yellow colonr, ,-i~~ous, and distin('t],r alkalinc to 
litmus paper. The' serosa-mncin' wa,.: precipitated hy 1 per cent 
acetic llcid, then disso]nCld in just sufljcicnt alkali, and this procedure 
repeated thrice. The neutral solntion obtained hy di"solving the 
precipitated mudD in alkali did not coagula.te 'WhBD h. wa.<; hojJed; it 
wag Ilrecipitated hy acetic and hydrochloric acid j wa>; iw;oluble in 
excess of acetic, hut soluhle in 0'1 -- 0'5 per cellt hydrochlorir acid. 
The neutral solution was not pI'ecipiLated hy such alkaloidal rea~entr-; 
:1S sodium molybdate OJ' potassinm + mercury iodide j it did not 
directly reduce an alkaline copper solution, tmt did so after basing 
heen bolled for half an hom- in 2 per ('eHt HeL By pepsin -+- hydro
chloric acid, a fraction amounting to 8'7 per cent and containing 
phosphorus could he removed without altering the propert.ies of tIle 
serosa..-muciu, which now contained neither phosphorus nor iron, il.nd 
therefore could neither he a nucleo-protcid nor ,L nndeo-albumin, The 
analysis of this serosa-mucin is included in the following t.:'l.ble of ron 
Holst's:-

1 Stalleiin, ~ll1.l:n(:hener illul. H"orheilsc!u. 1902, p. 1412. 
~ Gllstaf v. HoM, Ze.ilsch, j, }ihysiol. Chern. 43, 145 (1904). 
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TABU" SlloWI::-<',' THE 1'1';11, EX}' Ha~ COMPOSITION 01" nm ].1V{,IX"SI·nsTA~~E.'s 

htOM A-:I'I1"[( '\~fi SYN'I\"IAL Fu;rm; 

j ~~~~,~d f~::---·-- , Hamrnarsten. 
I 8erOf\t~"1llIlCill '1 

)VO[1 Holst. 

,}Umbel', 

I von H()ht. 

The prc~ell(;\' of lludeo-albumins in syno\'ial fluids i>; mentioned on 
p. 4U7. 

The phosphoruE)-containing alhumins found hy Stlihelin iII exuda 
t,ions are probahly deriveu from lcucocyk's. 

8. Jlucoid frolJl. Uti' E!lfl-rOt'erin[,ls 4 Stl'ia (lltd front SpOII,(1(',~ 

The eggs of the octOPUR family are surrounded hy a tough elastic 
covering, ·which is the solidified secretion of the nidamelltal glands. 
This mucoid hll$ the same composition as have other mucoids, accord· 
ing to \'. Furth. 1 

Doiling with acids liberates ~~6 to :\9 per cent of an aminated 
hexose. The egg·covering of Loligo consists also of a glyco-proteid. 

An aminat.ed sugar, after t.he type of glu('osamin, was isolated by 
Y. Ftlrth 1 from the ground·subst:l.IlCC of the gelatinous sllOnge 
Chondl'oslu renifonnis. 

III. TIlE PIIOSI'I10·GLYCO-I'ROTEID" 

These substances contain phosphorus, and only resemhle the mucins 
and mucoids in their carbohydra.te~content. Of the two substances 
uescribed by Hammarsten under the above name, one, namely, the 
ichthulin, has al~eady been described amongst the nuelec-albumins on 
p. 405) while the second, or ~ helico-proteig,' shall be discussed he-re~ 

as there is uo other place to put it into. 
Hammarsten 2 has found in the serous gland of the vineyard snaU 

Helix pomatia, a proteid having the composition: 
C 46'99 H 6'78 N 6'08 S O'6~ P 0'47 Fe. 

It ditte", considerably from all other known albumin.. Its solution 
is uf a whitish ~~::~~nt colour. It i~ not coagu_1ated by boiling, while 

l' o. v. i'u.rtb, Hoflnf-ister'll &itr. 1.252 (1901). 
~ O •. ;~8.t'steu, l".flilgf?r·s Anhi.'. 36. 373 l1885). 
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it is precipitated by acetic, acid from a salt-free solution. _Kitric ueid 
ami hydrochloric acid precipitate j if in rxces.<> ther rcdisso}ye the 
pr(~cipitate. It is further precipitated hy alum. copper-sulphate, 
tannin, and iodide of mercury + potassiulll iodide, hut lint by 
mercuric chloride or by fcrrocpmic <.!Cid. It gives the reactions of 
Millon, Adam kicwiez, and the xanthoproteic reaction. Pepsin 
hydrochloric a.cid precipitates a nuclein Of pseudo-nucleill. Xllllthin
bases are not known. 'Vhen honed with hydrochloric acid or pf).tash 
solution there are formed an albuminate, albumoses, and It high .. ], 
carhohydrate, the' SiIllstl'iu.' ThiR cumponnd, a:'l tht) name implietl, i~ 

lwn).rotatory; it doe.'; not ferment, does llOt rcdu('c, and does f]ot 
giye the iodine~J'eaction. It is not attacked hy ptyaliu, hut is con
verted by boiling acids into a reducing, dextro-rotatory carhohydl'ate, 
These reaction.'l make it. impossiHc to regard helico-proteid as Ii simpJe 
Hucleo-proteid. 



L'HAPTEH XI 

Tw:-. group cllJUprises a serie" of albuminous. substanceR, which form 
the supporting structure:; of animals, or the (COIlHCCtlVe tissues' of 
the histolo_g:ist. They do not {oml a part of the cell, but are structurei'. 
which have been secreted hy the eells, the latter during the formation of 
the supporting tissues hecoming included in the secretiotls. Albuminoids 
arc ahsent in tbe nutritive fluids of animals, snch a~ the blood and the 
l,,·mph. (Glutolin is dealt ,,,it)} OIl p. 567.) 

The term alhuminoid is thus :m lUlatomical one, and comprises 
chemicldly most divergent, Rubstauces. Gelatine besides hetcroalhu
roose. is the only purr 'anti-albumin,' for tyrosin and tryptophane 
arc ahscnt, while glycocoll and bases are present in large quantities. 
Keratin eontail\~ morc cystill than does any other itlbumin, and there
fore more Rulphnr; it also ('ollt::tins much tyrosin; elastin is so poor 
in l)ascs Itl'; to resemble some plant-albumitls. Fibroill is composed of 
more than fiO per cent of nliUJin and gJycocolJ. AmyJoid ought, 
perhaps, to be clnssed amongst the proteids, because of it:;, large 

amclllnt· of chondro-sulphuric acid. In days to come, when the 
chemical classification of albumins is more advanced, albuminoids will 
he brought under (luite different headings, for the present arrangement 
:,crves simply as a makeshift. 

Albllminoids are as mnch albumins as are the soluble albumins,l 
and it is arhitrary to still classify them as' 'substances resembling 
albumins,' for the differences between gelatine and keratin and the 
albumins are by no means greater than are those between the 
albumins and casein or globin. 

Chemically, albuminoids are albumins, f{lt they are split up by 
acids or ferment into .. ",lbumoses, veptones, and amino-a.cids; with 
halogens they giverioe t&substitution-products; they form salts; they 

1 A. Kossel, lkr. d. tkutl]rh. dwm. Ue.s. 34. III. 3214 (1901). 
,.. 552 
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have the same percentage {'omposition, and gil'€' the S/lJlle colour
reaq.ions as do other albumins. 

It, mnst, however, be ndfiliued that the anatomical rebtionship 
-conditions a serie" of chemical pecnliariticf' which are COlnmon to all 
allmminuids. As their function if:; to act as supl,ortiug strm:tllres aml 
coverings to the body, and to impart to the lirillg oq:..(all.o-phsm shape 
and adhesiveness, the,v all posses:-; the physical property of g1"£>:11, firm-
1I8SS. Thus the extraor(liH.'u'J" hardness of the hones {If vertebrates, 
or of the shells of mo1ius{',s, or of other integumental structures acting 
:1..'3 H proteetjon to mallY lower anlm,'lh:l, is due to albuminojds forming
all organic ground-matrix. whicb subsequently Lecomes impregnated 
with mineral matter. In other {'ases w(' ha.-"c to deal with nnyi('lding 
tissnes posscBserl of f!reat wughness as in tendons, or with eJasti(: 
hands as in the l1f!:amentum tnH:ha'. or with loosely arr:t.ngcd tissue!:; 
possessing n certain (legrce of t()llghJle.~~, <~.'! ill the areobl" tissues. 11) 
this last case, hm,·eycr. the loo;';cnesR is simply dne to a llfoser arrange· 
ment {If tIw S;lIDt' wbite fihr(l\lS tissne ;tR js mC't \,"ith in tendons. 
"The c;'5"cutial feattll<c of all (,otlt1c('tive ti""nes i . .., that they must bf' 
compietely insoluble in all animal juices >, (Cllhnheirn). TIl(-' author 
mllst differ from Colmheim, as he hns ~tmpl{~ experimental (~Yiacnc(' 

showing this ylt·w to be incolTeet, for the cDIltlectiye tissues all i)vcr the 

hodr and including the hones ate diminished fluring inallition, t.f'. arB 

pardy COlIYerted into' circulating proteid.' 
AJI albuminoids are quite ilJsoluhle in watel' amI in salt .solutions, 

and al'e also hardly soluhle iII dilute acids or :tJkali~f.;. To geL them, 
therefore, into solut,ion one reYllires to use meallS 1))" whieh their 
fundamental rigid character is destroyed, and this cannot he done 
without at the same time destrOYIng, or at least chemically altering 
these alhuminoids. As a chemjcal fmh<;tance cannot he- properly 
examined' except it be in solution, it [0110\\"5 tlmt it is impossillle to 
{';xamlnc albuminoids in thejr natural state, and that in getting them 
into solution we hM-e to suhject them to a good many changes. For 
these reasons it is even more difficult to isolate albuminoids and to 
<1efine their chemical individunlities, their properties, and composition" 
than it is in the case of the cell-albumins, for these occur, in the cell
plasm, at least in a semi-fluid state. Most of the inv88tjgatlons into 
the albuminoids date back a long time or are quite recent. The 
middle period of investigations into the chemistry of albumins being 
especially concerneu with the study of the soluhilities of alhumins took 

no notice of the albuminoids. 
A comparison of the more physical properties of the native, firm 

albuminoids, with those of the colloidal albumins is not well possible, 
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The only exception to this rule is the 1"nost readily soluble of all tlle 
alhuminoids, namely collagen. Collagen on being boiled for a &hort 
time givers rise to glue (glutin or gelatine), which possesses the remark
ahle property of being fluid when heMed1 and of 'setting' into a 
firm jell,Y on beIng cooled; if this collagen is split up into its disso
Ci,llion'pro(lncts it no longer' sets,' awl this is analogous to the 
change in solubility wlJich natur,ll allmmins undergo on becoming de
naturalised, It is also not possihle to speak of the molecular weights 
when (lealing with Siolid bodies (Cohnheim). 

Generally speaking, albuminoids arc sharply marked off from the 
fest of the albuminous bodies; they ollIy "how certain transitions to 
the mucin::;, such as the chandra-mucoid, but t.he resemhlance is not a 
cilCmic:ll one, hut rather depends on hath substances being combined 
in the a.nimal hody for a COIhmon function. To separate off the 
alhuminoids from a number of Don-albuminous smpporting structures 
found amongst the lower animals is much more difficult. Chitill we 
know not to be an albuminous compound, bnt to consist essentially of 
a nitrogenous carbohydrate, a derivatlVf' of glucosamin, ~tS has heen 
shown by I.edderhose,l but where to placc 'hyaliu8' and compounds 
related to it is not so easy to decide, and amongst, lower animals 
Krukenberg ~ has describc(l a number of substances, to which he assigns 
a plaee intermediate betTl'cen albumins a.nd carhohydrates. 'Vhether 
we are dealing here with mixtures of albuminoids and chitin, or with 
a splitting oft' of carbohydrates from glyco-proteidfS, or with genuine
transition-compouuds, it is impossible to say. Amyloid, which Ham~ 
marstell S classifies amongst the glyco-proteids, belongs rather to the 
albuminoids, if we judge it by its whole habitat, its firmness, and its 
very great insolubility. 

Tbe typical alburuinoids are represented by gelatine, keratint 

elastin, fibroin, spongin, conchiolin. In addition to these a number 
of bodies exist which belong anatomically to the supporting structures 
or connective tissues, but which differ from the true connective tissues 
in not yielding 'gelatine, ~n not resembling keratin or elastin, and 
also in· offering great resistance to the digestive enzymes. They 
have been discovered by Marner in the refractive media of the· 
eye; by Hammarsten and his pupils in muscle and in other situations,. 
and are in the meantime called 'albumoids'; in this book they arB 
described collectively in a special chapter. Siegfried/s reticulin belongs 

1 G. Leuderhc.se, ~ .. f.p"yllial. Chem. 2.213 (1878). 
2 F. C. W. K~~ 'partly a.bstracted .in the Grundziige einer wrgleiclJ,fl'ltden 

Physiologic dtr twriuhe~; Gerustaubslanzen, Heidelberg, 1885. 
a O. Hammarsten,. Lth.,1mdl tk)'))hysi{)l. ['hem., 4. _-\niL 1899, p. 47 . 

. .. 
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to thct;e albumoids. The numerous substan{'cs destribed hy Kl'ukcn
ue~, and called onuphin, spirograph-in, nefl3"in, etc., are not dt·a.lt 
with. It is very doubtful as to whether these sulll':tances are separate 
individuals, and Krukenberg's description!' ar!' so contradictory and <'0 

much permeated hy theoretical specula.tions that it is (jl1ite impossible 
to make nse of them (Cohllhrim). 

There is one other property peculiar to alhuminoidR which is ah~(t 
conditioned hy their anatomical chamcter, and which uw.kes the 
dt;s{'riptjon of albumil10ids difficult--namc]y, their' agillg.' .According 
to Cohnheim cells are constantly renewed. by their met.abohsm ant1 
do not age. ,\Vhile thus cell-albumins fl.l1rl the soluhle a{bnmins rcmai Ii 
the same duriug the whole life of the animal, the ground-ma.trix 
of connective tissnc51 alters in a remark,,,ltle way -with age; it 
increases ill amount., becomes firmer and hardm'. This is specia.lly 
distinct ill the conncctiyc tissue proper j ,,,hile young connective 
tissue eonslsts essentially of cells \vith only a little, Roft ground
matrix, it. farms in older animals and also in scar tissues a coarse~ 

tough, firm mass, which has h:lrdlya Ringle fenturc in common with 
the young tissue. Amongst other albuminojtls ana1(lgolls challges are 
met with, so amongst the supporting structure!' and shells of inverte
brates. The same tissue which while young is soft and pliable 
becomes with advancing age, espccial1,f if lime is deposited, as hard 
as stonc. It is unlmown to wbat extent the mature organs differ 
cbe,mieaJly from the young tissue as regards the alhuminoid radical, 
for the percentage composition shOWn no distinct alterations, but 
naturally the readiness with which a tissue passes into solution 
diminishes as the tissue becomes harder; collagen and elastin get to 
resemble keratin, while their uissociation-products, their reactions, and 
their composition remain the same as of old. A great many of the 
contradictions of authors may be explained by taking into account the 
age~differences of albuminoids (Cohllheim). 

The author wishes to point out that it is a great mistake to assume 
that cells do not age, and that their metabolism keeps them eternally 
young. If this were the ca.se we ought) according to Cohnheim, only 
to die because our blood-vessels and other conllective tissues have 
become old. That aging affects all the cells of the body has been 
established by the author long ago,l and holds good for both vegetable 
and animal cells. 2 The chief feature of advancing age is a diminu
tion in the nuclea.r activity, i.e. of that very factor whi~h normally 

1 Maun, &part of B'ruish AMoc. for Ar[1'(1_trc. of &ience, Edinburgh, 1892, p. 735. 
~ L. B. Huie, La Cell'Ule, 1I. 83 (1895).. (ce1lts of Lilium MartagQn). Rodge and 

Mann (nerve.celIe). 
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hrin~s about the synthesis of the simple amino-acids into the higheJ' 
compounds according to the author's view. The cell bodies show -..ith 
nd .... uncing age a diminishing nJfinity for hasic dyes and a great 
diminution iu the size of the nucleoli. As shm';n above. Cohnheim 
~~ssllnws that all albuminoids undergo a spontaneous chatJge, quit(' 
irrespecthe of cell acti\Tity, but. this agnin docs not bear Ollt the nuthor's 
l}isto]ogic,ll_] experience. ,\Yhencyer a change occurs, e .. 1. jn eartHage, 
it is always in connectloll with and in closo proximhy to the nuclens. 
The haJ'{lenillg of conncetive tissues, brought about. by a deposit of 
lime-Bldts, deperuls primarily on the excl'ctioll of phosphoric acid 1Iy 
the nucleus or thc synthesis of cllOndro-snlphuric acid. in the imme
diate flCighhol1l'hood of the nuclcu!5, and therefore depends on the cell. 
\Yhell again elastin during advancing age is changed into elacin CCmm), 
when all iti' :o;taining react1011S become alier('d, we lllay assume a span· 
taneous change of clastill int.o clacin, hut with equal right we may 
Iwld tha.t with miYancing agt' certain suhstances circulating in the 
11tHlr are deposited in the elastin and then'b~T change its staining 
rUl.ctjoH~. To COl1lIJttl'e imlliftt.llre growing connective tissue with 
iuHr funned ,md t!gf'd tissue, as Cohnheim hus done, is hardly per
missible, foT' judging by micru-chemiC<'11 dah'l, there is no difference 
between' young) (hnt not tlmt. in statu /o)"rnamli) and' adult' whit:e 
tibl'olls tisslle. Experimental investigations ha;ve further shown, as. 
alt·end.\T poiute(l om., that the white fibrous tissue i.s drawll upon during 
states of in:tnitiolJ, i.e. tlwt it is constantly changing within certain 
limits. 

1. Collagen. Gelatine 

Culla,(/(.'II.-The fibrils of ortlinary ,,-hiLe flhrous tisslle, the ground 
."u11st:mce of hone and of c:trtilage, are composed of 'glue-yielding 
tisslle' or eolla.goll. -When collagen is treated with boiling water 
it po'1sses int() solution, and. to this dissolved collagen the terms 
gelatine. gilltin .. or glue are giycn. The most important property of 
gelatine consists.in it turning into a jell~T at room-temperature, becom
ing fluid. on being heatf>d, and again solidifying on cooling, and 
so Oli, 

CoHagen is hut little undf'l'stood for the reasons given above. 
1\ lihne and Ewald 1 have shown that collagen of the ordinary connec
tiye tissue is very easily attacked by pepsin + hydrochloric acid, while 
it is not attacked by tryptic digestion. Connective tissue may, therefore, 
he obtained in a pure state by removing ail other albuminous suh-

1 A. Ewald and Vi ... K'ithne, Verhandl. d, 'wiwrh.-rn£.d. l'"ereinu Heidelberg, New 
Series; I. S. 451 (1876); A. Ewald, Zeitschr. f. Riol. 26. 1 (1890). 
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stances l"v trypsin. \Yhilt! normal white ~bl'ou" tis,,-ue j,; not all lIekctl 
by ~rypsin) it is readily digested if it he l~lIowcd to swell in adds. anti 
if It be made to contract again by j,cing heated up t,o 70 ill watt'l". 

If the contru.ctioll is not allowed to take pl;wc, the cotlllectlYe-tisgne 

fibrils remain unaltered Oil being treated. 'with t,rypsin. H wllh" 
fihrous tissue, made digestibJe by heing hoiled with wat('r, ii' itctcd 

UpOll hy f'hroltlc-t'ompound"" and j" then exposed Lu light, it hecome" 
indigestible for botb peptic :lIld tryptil' dip:estiol1. The insoluhility 
of chromr-gelatillc jHullced by exposure to light is made usc of in t}lI' 
{~ad)On-proces" of photography. 

In onlinary tendotls, hut also in ~'eilow tendons, such as tlw 
lig<lmenturn nuchm, white filn'ouR tissue oeClll'S a~ filJl'il~ a.long with 
,vellow fibrou.<; tissne, composed of clast.jn, alld .dung Wlth lllHcin. TIle 

behaviour of these collagen-fihrils Lowanh digestive enzyme,; ha.s hecll 
very thoroughly investigated hy Ewa.ld,! who found them to }'t'act aR 

due:; ordinary ·white tibrouf; tissue, hut the collagellf,; of difrerent 
anim;:tls differeu ('ollsiderahJy a.s regitl'ded djge,~tjhjhtr. l>itfcretli 
v8.l'ietieb of collaf:!:~m will be mentioned later. 

Collagen givp,:" rise to gelatine under different kinds of tfcatmcll1, 
but mOf-t readily on heing hoiled with acids, although J)J'olongt't1 
hoiling: with wa.ter will also render ('ollagen soluble. The time 
required for changing collagen into gelatine varies gr('atly ;t('eOl'tlini! 
to the collagen under examinat.ion. 

1\-1iirnm' 2 found the collagen of fiBoh-s(':lles much more readily I';o]ubk

than that of the ordinat'.r connectj,·c tissues of cartil.:tge awl IJotlc. 
SadikoiP could ohtain gelatine from the cartilage of the t ra.che:l 01 
the ox or the nasal cartilages of the pig by mere heating on II water-
hath, while the ear-cartilage of the pig required to be heated to 110'. 

Hofmeister" believes the conversion of collagen into 2;clatine (r) 

depend. on a hydrolytic dj~sociation. 
Ocla.lirw.-Glue or gelatine in a dry purified state forms a 

colourless, amorphous powder) hut the commercial gelatine occllrs ill 
the shape of glassy plates containing water. Gel<ltinc has heen 
frequently investigated because it I:'; So readily accessible, but the 
analyses of different observers UD not agree \'ery closely. The 
probable reason for this divergence is that the coHagen-fibrils iLlways 
occur mixed up "\\ith other tissue constituents, whieh are also rendered 
soluble when white fibrous tissue is boiled, and it is very difficult to 

1 A. Ewald., Zeitschr. j.lJiologie, 26. 1 (1890). 
2 C. '1'. Mtirne.r, Zeits~hr.f.Jlhysi(Jl. Cht:m, 24. 125 (1897). 

3 W. S, Sadiko!f, ibid. 39. 411 (1903). 
4 }<', Hofmeister, ibid. 2. 299 (1878). 
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get rid of thci'le admixtures. van Name,l Morner,2 Sadikoff,3 and 
others have a.ttemptea tv OH!TCOme this difficulty hy treating w,hhe 
fihrous tissue with dilute alknlies or with trypsin, which, as already 
"tated, doe!; hot attack collagen} but the results have not been quite 
satisfaCiol',\', as the dnnger of filtering the collagen into glutin by a 
too vigorous manipulation is yery great, especially as collagen is 
cOllverted by hoiling \mter jnto gela.tjne, and the latter, if the reaction 
l,e not exactly ncutrnl, inttJ its dissociation-products. It fonows tlutt 
t,he slightest difference in the preliminary manipu1ation, in the duration 
or the intensity of hoiling, and jn the rmctioIl, must of necessity 
make the finnl products differ from one another. H:tdikoff's:; recent 
publir:lt.ioll"; sho\y again that ILt present it is imposc;ible to prepare 
glutint' "dlich are cJwmical1,r pure and w'hich agree with one another 
in all their propel'ties, The invest.igation of the di"socifttioll-products, 
or the RtUJy of the chemieal configuration of gelatine, is, however, 
~c<ttTd5> ,d}'t'CLcd lJ~' these tlUiaU differences) although the latter make 
t hemf.:che::; felt in the analyticuJ nmnher::; and when stnd,ving Lhe 
Tf'.JwtiolJS of tll(' f!elar.illcs. 

1<"01' the reasolLs just tltated, Duly a few of the analytlc,; of gehtti!lc 
a.n~ gi\'en in the following fignl'ci>:-

H 

(:ommm'uia.l gelatine, 

o 

1/"97 0'7 2:)'13 
17'BR 
H>18 
17'81 25'2-1 
18'32 
IS'59 O';);~ 

17'9f, 
18'79 
17--68 

,17'n O'[J9 

"'"hile the nitrogen-percentage is high, the carboll-content if) rela
tiv(>l." low, and this low percentage is also the reason why gelatine 

l W. G, val! Kame, J(Iu,rI/, (!l e,'pn'ill/(;llt, "'/f:d, 2, 117 (acc:ordiug to Mall!'S 
.Tallr~,aer . .r: Tiercheln, 27, 34 (189i), 

::l c, T. i\1ut'lIcr, .. Glutin," Zdtsd/r.;: pl.Yltiol, Cltem, 28, 4il (1898); "Fish·scale~," 
ihid,24, 125 (1897); "Cornea," wid. 18,213 (1893); "Tracheal cartilage," Sl.;a,ndinav. 
Arch.f, Phys/(!l, 1.210 (1889)-

~ W. S. Sadikoff, Zidtscl!r. f. physiol, Chem, 39. 896 and 411 (1903). 
4 R. H. Chittenden and F. P. :::;olley, Joul"'n, oj Phy!dol, 12, 23 (18~n). 
:. E. S, FalUit, -ATCh...,l.tZE~'f1IeJ1i, Path. u. Pha'f"m, 41. 309 (1898), 
6 .T. Scherer, ~'it'dmw1r:n, 40, 1 (184.1). 
7 s, C, v. Goudoever, ibid, 45. 62 (1843\ 



Xl THE ALJ;t:MIKOIDS: GELATINE 559 

possesses a low hea.t ,raluc, for the latwr, ~cG'Olxling to Berth\~lot a.nd 
Sto4mann,l is 300-iOO calorieR smaller than ill the C,tse of most other 
a.lbuminous SLlbstanccd. 

The study of the dj~socia.ri{)n-proJnrt . ..; of gl·]J1t.jnp .btl'.'> IJ<H']( t{l 

18:W, when Braconnot 2 shmvl~d that gelatine i& rich in 'p;Jycl)wll' (ll' 

• sweat-glue.' This componnd amounts, ilcconlillg to E. Fischer,:I to 
16';) per cent, In .tddition, gelatin(' contaius large amonntR (A 
glutnminic acid, p.yrrolidin- and oxy-pyrrolidin carboxylic i(l'jdR, aod 
aho arginin a.nd lysin. 4 It is 1;001', hmveycr, in hiRti(liu, and (If the 
thlec aromatic compounds it pOSiic~ses only pheuylalanin, aR both 
tYJ'osin and tryptophane are ahl'lcnt. The lIDlOUllt. Df phcl1JIalanin is 
without don ht much higher;' than the figures of Fillcher kRd Oll{\ 

to ,sHppnse. The Ilhsencc of iIlil}(,ll'S reaction was ;tlre.·tdy twticed i).\' 
the oldcr iuvcstigat{.)n,.; later on .:\.Jaly G ant} Nellcki';" luissed the 
dcrinltiveK of tyroRin and also indol; that, notwithstanding this fact, 
n.romat.je cumpolllHb were found was one of the first jndicatJOllH of tJJB 
occurrence of phcnyJaln,llln in alhnmins. 

:.\laly6 hy oxidi,siHg gelatiu8 witb potassium perlllani!tlrwtc -+ c;mstic 
potash obtaineu tlw oxyprot-. ..;u11'hOllic acids di:;;eusscd on p. :J:37. 

On oxidising gelatille hr means of perm<mg~tnates, '~Sp~ciHny j'r 
calcium permanganate II in builing solutions, Kut"cher and Zickgmf, lIJ 

and lickgraf 11 ohtlLinetl a SllhstaHce which, accordillg" to SeclU:ulll,12 is 
oxaluramid or oxabn C~,Hi)\:P:\::;- KHz' CO' Xl1 . C20 2 ' NH~ (oxal
uric acid 01' C;)H,t)::/)4- = ~ H;:' CO' XH' C{)2' OH); Kut.':!cher and 
Schenck,13 in addition to oxa]au, ohserwtd also ammonium QXamil1l1te, 

1 F. St()limftntl and R. ""' (1891). 
:: H. BratOtlllot,A111l. df 
:I E. Fischer, P. A. Levene, awl n. H. AdcT"~, ;0 

11902). 
4 A. Ko~sel a.nd F. I\llt.,clKr, ibid. 31. 161i 1J!100. ; 'r. HIlII~III:l1l!l, tbid. 27 

95 (189!:i). 
5 K. opiro, 1 :147 (1901); Y. Ducce~chi, wid. 1. 339 

R.. :Maly, 10. 2t:i (1889:: M. 
6'e.~. 7. II. 

11889). 
6 R. Maly, 111ili. 10. 26 
7 M. Nl'nrki. lkr. rl. dum. (·'{,s. 7. II. 1fjilJ (1874): L. Selitrenn;v, 

./.Vmwis. f. (!liell1. 10. 908 (1889,. 
8 R. Maly, ibid. 10. 26 (l8R9). 
\I The llefmangallates of th~\ allmliue earth~ (\'it. batitllll permangallate) wet\! first 

uBed by Steudel, ZCI:t.f.physi(J!. (//1/'111. 32. 241 (1901). 
10 Kutscher IHul Zickgraf, 8itZh. d. kg!. preH,;". Akad. II. Wies. ~lay 28, } MS. 
11 G. Zickgraf, Dil' O-;cyriaf,ian des Leim:? mit Pa"uI·n.1«n.aten. Inaugurr.l Dissertation, 

llat'burg, 1904 j and a.lso in Zc.itst-h.j: physiol. GIW'ln. 41. 259 (1904). 
12 J. Seetnann, Zelttralbl.j. Phyti<Jl. 18. 285 (1904}. ~ 
1~ Kutscher ami Martin Schelll·k, Bn. d. deui«:h. r:hem. Gu. 37. 2928 (1904), 
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(,:p::XH:1~H4' ;mJ suggest that the presence of glycocoll in any alhum· 
inous compound IUay readily he determined hy oxidisillg the alb(J.miu 
with 11()liing calcium permanganatc, according to Steudel's method, 
and then iRohting the ammonium QX:lminate. for gl;vcocoll gives rise 
to DXIl,minie acid, NB~" ('ilL" OlI, when it is ox-idised with perman

gnnates. The search for oX.'lminic nett! WitS suggested hr the 
prf'violls paper of Ehl'mann, who, working ill Hofmeister's L1horatory, 
put forward the view that on the strength of Hofmeister's theory <ts to 
how amino-llcids arc linked together, there are formed, by hydrolysis. 
oXltmid ;::. oXiLmiuic acid .;:. oxalic acid .;::::: nmman]:! (see p. 243), 
Seemann found amongRt the oxidation products of gebtinc, ill 

addition to oxahn a,nd ('aJeiulli aBd ammouium oxalate, the followint!
ethcl'-solulJ1e acids: oxalic-, snccin~('-, henzoic-, formic-, acctic- rLnd 
hut.;nie-acidi'i. fnrther 1,cnznJ!ld]yde, amJ prrh!lps a1,,0 proplonic- lIud 
valf'rianic acids. 

Zidq.~!'aU ill support of Kosser~ \'i~w that the Liuret - reaction 
deJlt'IHlii 011 a speei~d w~.r in whieh arginin-molocnles ~'I,re link('d tel one 
iLllOthcl' tlnd to t.hv other (,olllple::H'~ of the albmnin molecule, found on 
oxidising gda6ne with pcrmang!lJlates that the biuret reaction dis· 
appears at. that time when the largest amUlltlt of gU<1Ilidill is found 
aUtUng:;;t the disfioeiation - products. AK gnanidin is derlyed from 
argillin, hl~ reaf;Olli'i that some eOllllectiOil must exist llet\yeCll t,be dis· 
appearance of the lliuret reaction and the maximnl yielcl of gnaniuin. 
That t.his ... Lew if) not I,cnal,le seems to foll()l,~' from the resCltrches of 
yon Fiirth.3 

Heating gelatine for four days undel' pressure gives in the main 
only rise to albumoses. u,ccording to Nassc:; nnd Framm:! 

The t-lbsence of tYI'osilJ and tl'yptoph1me amongst the dissDCi:ltioIl
products and the high percentage of gLycocoll sho·w that gelatine 
belongs exclusively to the ~1ntigroup of the albumin-molecule ~!;ee index 
under antigroup). It behaves also tow-:trdt; enzymes exactly like a 
hetero-:tlhumose. Trypsin, according to the older observations of 
.:qellcki.;' T:ttarinoff,l; Kuhne,' and Reich-Hel'zberge,S giycs rise to 1:10 

) G. Zickgtaf, Inaugural lJi~j<\:I·t:l\i(l)). ~laJ'lll1r3, 1904 ; Ze;I.~chr. f. physiot. ('helil. 
41. 2;')fl (190·1). 

'.! Otto y. Fltrtb. 
3 o. Na.ss~ and R.i.!stul"ker Ztg. 188H. 

Nt. 105 (reprint). 
4 F. Framm, Pjlitgr:r',q Archil'.1~ d. Physiol. 68.144 (189ii. 
r; 1{, NeIl0ki. Ber. d. dwL«eh. Ges. 7. fl. 1593 (1874); L Selitrenny_ 

Jfoll<Qts, f. t:lu:rn. 10. 908 (1889). 
ti P. Tatarinoff, ZeJIi~l. f. d'u rneabilt. Wis8eluch. 1877, p. 275. 
T W. Kiihne, YerA..,.J:tI"iddberger XatllrM..~(.-med. rerei!1, N.:F. r. p. 194 (1876). 
~ F. R~ich·HeI'Zberge. Ze(f8cltr . .r:physif)1. (!lwl1. 84.119 (19Q1). 
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crystalline dissociation-products) or only to traces. In their place are 
,foUlfd not only antipeptones) which Kruger 1 has described and from 
which Siegfried first isolated kyrin (p. 200), but according to Chittenden 
and SoUey 2 and KJug 3 also albUIDoses, which as a rule ~tre Yerr 
quickly destroyed. . 

On suhjecting gela,tine to tryptic digestion for ten months 
I .. cvene 4 obtaiufJu in the main only aibullloses and peptones, nnd 
noticed the peculia,r faet that the primary dis~ociat]Oll-COnlpollnds of 
gelatine, namely the gdatoses, contain more glycocoll than does the 
original gelatine, but that the secondary products, namely the peptones, 
contain again less glycocoll than the ~elatosea. An explanation was 
found, for the gclatorses in becoming peptones ;,iplit off glycocoll, which, 
along with traces of leuclD, represents ncnrly the whole of the mono
amino-ttcid-fraction liberated by digestive enzymes. From 1500 grams 
of gelatine, after ten months' digest-ion, Levene obtained 40 grams of 
glycocoll-ester, a small amount of louein, traces of phenylalanin, 
glutaminic and aspartic acids, hut large amounts of ammonia. From 
the phosphotungstie a.cid precipitate a copper salt of the racemic 
pyrrolidin-carboxyhe acid was ohtained, 

Peptic digestion, according to ScheermesRer,5 proceeds likewise 
slowly, and gives rise to peptoues only at a latc period; 'anti~albumid' 
js, however, fOrIlled abundantly." On combining tryptic digestion 
with putrefaction Nenck!" olJtltined similarly only small quantities of 
leucin and glycocoll; most of the products gave the hiuret reaction. 

Scheermesser in his last paper describes a new pepsin-glutin 
peptone in which arginin, lysin, glutaminic acill and glycocoll were 
present while histiciin was certainly ahsent. 

The pCN;entage distrihution of nitrogen iu the pepsin-glutin-peptone 
molecule, taking the mean of two experiments is as follows :-

Jm(1'll" (~l Physioio[lY, 12. 23 (1891). 
3 F. Klng, P/lif{j~r's 48. 100 ilS91), 
4 P. A. Levene, Zfitschr. J. 41, ti and 99 (1904). 
5 W. Sc}JeeriUesser, ibid. 37. I1~03} ; Philosophical iJiSR(!rtati{Jn, Leip~ig, 1903 ; 

Zdtschr.j.pitysiol. 0111:111. 41. 6S (1~04). 
6 R. H, Chitteuden and F. P. Solley, JUUr/l. of Physiol. 12.23 (1891); F. KIng. 

Pjlilgds Arch. f. PhysilJl. 48. 100 ')81:11), 
7 M. Neneki, Ber. dcutsclt. chril!. Ges, 7, fI. 1593 (1874). 

[TABLE 

20 
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AUlHl·X. IIHtmmr).;'<.'. ~fono.alllino·X. 

~--~--'J-~--

H·UI9 

The uiti1'OgclJ - determinations by Kjeldahl's method gin.' lower 
valueR than thoRe hy Dumas' metbod. accoruing to Sadikoff. l If, 
howe\-er, gehttino is tl'en.ted with hydrochloric :lCld, its nitrogen-content 
becomes ]c)'l.nl'{,u, and tho difference in the resu1ts of the two methods 
disappe:trs. 'YhethcI' the phchomenoD is to he explained [LS depending 
on a dissociation caused hy Hel OJ" on the HlmO\-:t] of I1II impurity is an 
open qUf'stion. 

The :letion of the proteolytic ferments of the JiveI' on gelatine has 
heen .'ltndied by Arnheim.~ The ;tIDOunt of the non-congula.hlc, hy 
zinc sUlphate not-precipitalle nitrogen~. W(lS in all gciatine experiments 
lUuch gref~ter than in the control experiments, ow-ing to the gelatine 
having been ('onvert.ed part.ly into mono-amino acids,:l and partly 
into peptone and di-amino acius, which could be precipitated -J)y 
phosphotungstic acid. 

The formation of a redncing substltnce on dissociating-gelatine bas 
only been obserVCtl hy Sadikoff j in the case of gelatine prepttred from 
-carti];~ge, and is prohabl? due to contamination by remnant.s of 
chondro-mucoid or chondro - sulphuric acid. The only sulphur - con
taining dissociation - product ohtaincd so far ify Horbaczewski 4 is 
sulphurcned hydrogen, 

Gelatine gives a well-marked, violet biuret reaction, while the 
reaction of )lillon and the xantho--proteic reactions, judging by the 
dissociation -products, ought to he absent. As a matter of fact, one 
IUay always Gbserve, according to van Name!> and Morner," a very 
slight pink coloration on boiling gelatine with Millon's reagent, and 

:J .1. Arllheim. 
Ohelll.89: 411 (1903). 

('Item. 40. 234 (1903). 
and la(·tof;e lllCl't'.ased the ant.olysis of the liver 

substance, while the chlorides of potassium, and :.mmonium were without any 
influence. 

~ J. Horbaezllwski, Sit':!;tLngsber. d. W,£ller A.kw1. 80. math.-U:J.turw. RI. II. June 
(1879). 

~ W. G.vanN~Jdurn. {ljbperimellt.;.lfed. 2.. ]17 (accordingt.o.lfaly'sJrihrome-r. 
f. 1'iA:rd!.tml. 27. 4J4H1Sf7). r 

(I C. T. MOl'ner, Ztitsdi:r. f physio{. Chem.. 28. 471 (1899). 

'" 
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according to Klug l and Hofmeister ~ it icehlf' w~lJow colour after 
treafiIDent with nitric acid. Both these reactions 'must he cau;;:i~d hr 
the presence of foreign substa.nce~. The lead 1'nlphide reaction j'f3 

given by commercial gelatine, hut is ahsent in purified gebtine, 
according to ~l~)rner.:> The reactioll of Moliscb has horn. observed hy 
Klug 1 and Hofmeigter,~ while that of Admnkiewicz j", Rhsent, owing 
to gehtjne not containing any trrptophanc. 

The precipitatiolJ-rcactiong of non-dissociated gel:ttillt' 11:LV(' hecH 
uescl'ibed by Klug,l Motner,:' and others, while th(;sc for the gIutoses 
bave Leen inyestigated hy lUng 1 and H()fmei8ter.~ Gelatin is not 
precipit'Lt.ed by nitric acid or other mineral l\cidR. nur on heing acidified 
witb acet.Ir or h_ydrochlorjc Hcid. ~eith('r do Jl('utral lead acetate, 
silver nitrate, copper sulphnte, ferric chloride, or alum, pJ'ecipitate. 
On the other hand, the chlorides of gold rmJ platinum (l,nd stallnOllR 

chloride giyc precipitlttes, which are 80Iul)18 at the boiling temperatnre 
a.nd which return on c(loling. Mercuric nitnLte and haf5ic lead n,cctate 
cause a precipitnte, /1,:-; does also mercuric chloride in the PI'cflcllce 
of Hel (IT of nentm1 Halts, The all;:;tloid;tl J'C<tgents, taken ItS a whole, 
also cause precipitation: the phosphu-.molylldic Itcid precipit:tk is per 
manent when hea.ted, 'while the precipitates formed hy picric acid, 
tannic acid, chromic acid, mercury T potasslum iodides + nCt arc dis
~;olved by heating, and return on cooling. Bromine- and chlorine 
,\ ... :Lter and potassium iouide rlls() precipitate. "\Y ith tannic acid 
sa.1t--free gelatinf' giyes no precipitate, and in ill]S re:o.emhles salt-free 
albumin-solutions; ou the nddition of salt, howercl', :1. precipitate is 
formed, 4 The same holdii good for alcohol. Till a, short time ago it 
was considered characteristic of solutions of gelatine that, in contrast 
to other albumins, they gave no precipitate with potassium ferro
cyanide + acetic acid,5 but .Morner 4 has shown that under 30" C. it 
is possible to obtain a precipitate witb very dilute solutions, but that 
the precipitate is dissolved }JY both an excess of gelatine or of ierro
cyanic acid, and also that the presence of salts, organic acids, or bases 
or urea prevents the formation of a precipitate. Gelatoses never give 
a precipitate. The behaviour of gelatine towards neutral salts has 
been jnvestigated but little j it is precipitated by not qnite saturated 

1 F. Klug .. PflUger's Arch.j. d. ge"~, 48,100 (1891). 
~ F. Hofmeister. ZeitschrJ. physiol. 2. 299 (1878). 
3 C. T, Morner, iavl. 28. 471 (1899); see aho ibid. 18. 213 (1893) and Skandinav. 

Arckiv. f. Physiol. 1. 210 (1889). 
4 C. T, l'loioruer, Zeitschr, f. phyl1iol. (]hcm. 28. 471 (1899); see also iMd. 18, 

213 (1893) and Skandinav. Arch. f, Physiol. 1. 210 (1889) ; H. Weiske, Zeit$chr. j. 
physiol. Chern. 7. 460 (1883). 

~ .T. Miiller, Liebig'$ A.nnalen, 21. 277 (tRB7). 
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glutin-peptones. If, therefore, <"I, gelatine-solution is acted upon by 
,wy'tneans by which albumins arc converted into ,dbunlOses, it at once 
10ses its po\ver of solidifying. This occurs, fot example, if g(llatine is 
hoiled at ordinary or at increased pressure with pure water-as 1\ rule, 
it mnst be !ldmitted that the reaction is not exactly neutral, and 
t,herefore usually the action of dilute acids or of dilnte alkalics eOnlt!s 

also into plily---or on boiling with tlcids or rtlkalies, or as the result of 
peptic and tryptic digestion, and of putrefaction, All the proces5cs 
first convert gel<ltine into gelatoses, and the latter into further 
dissociation-produ<:ts.1 Rut hefore the dil3-socjation, just alllH]cd tOI 

has occurred, there is a certain stage during which the gelatine has 
only lost its power of gebtiuisation, helrlg otherwise unaltered, ;md 
Juring tbis Rtage it may he compared "'lth ordinary albumin,. which 

. have become denatumlised without having ItS yet undergoIle it further 
dissoeilttion. Kept at body temperature gclatine-sobltions lose their 
power of gelatinising as a rule fairly quickly, sOllwtimes in one to two 
da_ys.2 

Injected suhcutalleously, and even more so when injected intm
\-enously. gelatinG gives rise to certain symptoms of poisoning, apart 
from acting on the ulood. 'Vhether these effectR uepenu upon 
impurities or whether they are due to the gelatine itfJclf is us yet 
uncertain. g 

Different kinds (iJ UIlllagen 

The gelatine described a\Jove may be ohtained from connective 
tissues or tendons, but the collagen in the eomea and the sclerotic ~oa.t 
of the eye) discovered by Morochowetz,4 and more carefully examined 
by Morner,5 and fish-gelatine, prepared from fish-scales by \Veiske Ii and 
Morner, 'j do not differ from the ordinary tendon-gelatine. The dried 
eorneal tissue contains 80 per cent, and that of the sclerotic Si per 
cent of collagen, according to Morner. The remainder is represented by 
mucoid. The lens and the other parts of the eye ('.ontain no collagen. 
Fish Beales are composed of 20 pel' cent of ichthylepiden (aee p. 578), 
and 80 per cent of collagen, which is remarkable as the collagen is 
very readily converted into gela.tine. 

1 1<'. Hofmeister, Zeitecltr. physiol. Chem. 2. 299 (1Ri8). 
~ C. T. M6rner, ibid. 28, 471 (1899); A. Ilastre et N. }'lore8co, Arch. de Phyai.ol. 

IWl'1naie etpatk. 27,701 (1895). 
3 Compare different abstracts in the &ntra6l. f. d. Grenzyroide l'on Med. u. Cld!T. 

1902 to 1904; H, Kaposi, Heidelberger Hah-ilitatiO"flJJ8ihrift, 1904, 
" 1.. Moroebowetz, VerJuwulJ. de.~ 114turh.·m,ed. Vet'ein.~ zu Heidelberg, N.F. 1'1 p. 480, 

(1876). 
5 C. T. Morner, ZeiUchr. f. physiol. CMm., 18. 213 (1698). 
S H. WeiBke, ibi4, 7.466 (1883). 7 C. T. lWrner, ibid. 24- 126 (1891). 
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Gelatil/" fro1J/ Cartila,lJe.-Formerly it usod to he supposed that 
cartil::tge was composed of a uniform suiJstl-mce which ·was I'nllecf 
chqJUlrigcn,. and that the btter wben boiled gayc rise to chondrin or 
(;"artilagc-glllc, hut MorodlOwetz showed that chondrin is a mIxture 
of gelatine alld mucin, Rnd Krnkenberg confirmed this yjew, The 
most exact; iIlve.'ltigation into the chemistry of cartilage hits been made 
l~'y Morner, according to whom cartilage contlLins the following 
~mhstaIl(;"es :-

1. Chondromucoid and its dissociation-product: 
2. Chunal'oitirL-sulplnzric acid. This' chond:ro-sulphuric' acid 

occurs normally in cartilage in sman quantities. 
3. Collngcll. 
L An :dbumoid in old hut not in young cartilage. 

The framework of old cartilage consist.,,; of alhumnid + collagen, 
while the enclof;('(l 'ehomlrin-b::Llls' are composed. of collagen + mucoid. 
These two suhstnllces have distinct Sltaining reactions and are 
histologically readily l'E'cogniS<'1hlc. 

On treating c:trtilugc with dilute ;tcids nt 40" C" ,'. mixture of 
geltLtine -j- chondro-sulphuric acid is obtained, while boiling in a Papin's 
pot ~Ticlds a compOlllld consisting of gelatin + mucoid + chondNNlUl
phuric acid. This compound resemhles in its reactions the 'chondrin' 
of the nlilcr obsencrs, and differ:s from ordinary gelatine in not heing 
preci]Jitated hy trmnjn, hecause the chondro-sulphuric ,wiJ prevent~ 
the preciplt.<ttion of the gelatine moiety. The mucoid lS described on 
p. 542, and the alhtUIloid on p. 577. Thc glutin of cartilage has been 
inH'stigiltcd in addition to Morner hr Lonnherg)l ·who also examined 
fish-cfl.rtilage, and by S~~dikoff. t To prepare this gelatine requires 
very intellse boilitlg with water. The reducing power and the fecbk-
11!!ntoBc re.wtion noticed by oodikoff are probahly due to impurities. 

(. lolla{Jf' N from Bone or 'Ossein.) -The ground substance of hone 
consists for the greater part of collagen + lime-salts. It contains 
in addition an albnmoid 3 (p. 577), and a mucojd,4 resembHng chondro
mucoid (p. 517). Keratin or other albumins are absent." Bone
gelatine has becn inYestigated hy 1V ciske ; \\ it gives the ordinary 
gelrtine reactions, and is not readily 'formed from the collagen. 

1 J. LilllD11erg, Naly'$ J(thtl'~~ber-icht, 19. 325 (1889). 
2 W. S. Sadikoff, Zeit.:u:hr,/.phyS'id, Chem_ 39.411 (190B), 
;) P. B. Hawk and W. J. Gw;, Amer. Journ. oj PlIysilli. 7. 340 (1902). 
4 L. Morochowetz, rerhalldl. rl. Heidelberger nO;tnrlo.-me,t. f'l'J'Cfn!J, X.F. r. p. 480, 

(1876); C. T. Morner, Zeitllchr. f. physivl. ('hem. 23. 311 (1897); P. B. Hawk and 
W. J. Gies, AlIW1", J~;,of Physiol. 5.387 (1901). 

5 H. Smith, ~r.j. Bitll, 19. 469 (lSS3), 
6 H, Weisk~, Zdt8chr./. physiril. ClU!m. 7. 460 (1883). 
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'Os,gein,' dcealeificu. hone, is !l" teadil~' dissolw)d hy p-cpsin l'tl' are 
ot.er kinds of gela,tine. 

CollafJen {~f [IIr('rf{'(yratfJ.~.~Sifl.' (t(w'.-Hoppe-St'ylcr 1 Ita" found 
gelI1tin('-~Yiclding tissues I~mongst the invertehrate:,; ill the cephalopod .. : 
Octopus and Sepiola. Silk-glue is discussed on p. fiil. 

Glufl)lill.-l~nder this namv FtHlst:! ha" dt'scl'ijlCd 1m ulhumirwll.); 

suhstanee which he found in hloou-serum. ;tllll whidl he ('(Jilsidcrs t.o 
be the mother suhst ... mce of gelatine because of its low fiulphur content 
and the feehle ~fillon'8 reaction i~ giyes. Tilt· possihility of this Ruh
stance /)cing It tmnsiormation-pl'odud of one of the senltlH.tlllUlUinp; it' 
not excluded. 

2. Keratin 

Keratin is the chief constituent of the horny 8uhstaHcCR found in 
mammals and hirJs. It octur~ in t1)(~ stratum corneum of th,' 
epidermis, in hairs, nail::;, hoofs, horns, nnu ill f(·atLers. J t i,~ 1\1.<;11 

found In the egg·sllf'l1s of bjnls,::; and of the Echidna w:nleata 4 (a 
mammal), (If crocorliles ~ and f>nn,\ls,:! in the cocoons of leeches/' and 
pruhahly ill man~v other tissue .. among"t, inv-crtelll'ates. (Compare tilt' 
articles llY Xeumei"tel' 4 and ~uki1,tsuhofl_·(\). Xeur(Jkemtin is met with 
in the m;dullarr sheath of medullated nerves. 

Keratin is the most insoluble of all the alhUluinoi{h) heing quitt> 
insoluble in \V'lter, dilute acids, and :tlkalies; according ttl Smith j 

even 10 per cent KOB (Hssolyes it only \'lith the help of heat; ill 
the cold a 20 per cent ca.ustic soda solution is required to .render it 

soluble, and this procedure of course decomposes keratin. The 
digestive- enzymes have also the greatest, difficulty in rendering it 

soluhle. 
Au exact il;tudy of keratin, for Lhe reasons just, given, is impossibJe ; 

on the other hand, its insolubility in acids, alkalies, pepsin, anti trysiu, 
makes jt possible to prepare kel'adn in a fairly pure stat£'1 as all other 
alhuminous substances may be removed by treatment with the reagents 
just mentioned:~ 

Notwithstanding this the ana.lyses given hy Kuhne and Chittenden,s 

1 Hoppe-Seyler, Med.-chem. Un/rrsuch. ;;86 (1871J. 
:! E. S. Ji'aust, ArclL. f. expttr. Pallo. t'. 41. 30ff (18ff8,. 
3 V. Lin<lwall, Hall1hlarsten'g a.htrad of the Swedbh original in ~laly's Jahresber. 

j. Tierckem. 11. 3E (lEBl). 
J R. Nenrneist;;r, Zcitscltr. f. Riot. 31. 4.13 (189;)). 
5 W. Engel, ibid. 27. 3i4 (1890) ; 28.345 (1891). 
(; B. Sukatschoif, Zeitschr.f. '11'l·sselliJch. Zool. 56. 377 (1899), 
7 H. Smith, ihid. 19. 469 (1883). 
S W. Kuhne,wd R. H. Chittenden, ibid. 26. 291 (1890). 
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Lindwall,l van Laer,:! Horbaczewski,3 Bibra,4 Suter,;; and Mohr u differ 
greatly from one another on all points except as regards the high 
sulphur content, which hets already been allnded to on p. 73. 

Its dissociati{)n~products are enumerated on p. 73, under Nos. 
25 to 27. Keratins are re~arkable for the high percentage of tyro.s.ln, 
and in particular of crstin, a compound which was prepared for the 
first time in a pure stn,te from keratin by Morner ; 7 from human hair 
he obtained 14- per cem.s Other sulphur-containing dissoclatjon-pl'D
ducts have also been found in kera.tin, for on dissociating kerMin, 
sulphuretted hydrogen and methyl lOcrcaptane are obtained I) (see 
index). 

Ammonia is as a rule also ohtained in large amounts; lO amongst the 
ba",es, arginin has been ouserved, while the others have not, yet, been 
looked for. A ca.rbohydrate was neiDler found by Kuhne and Ewald 11 

nor JJy ~eumeister.l:l "!hen keratin is treated with alkalies or with 
superheated water, albuminates, albuIUoses, and }wptones are formed, 
accordiflg to Undwall 1 and Bauer.1i 

As can be jlld~ed by its composition, kEiratin git'c:s the following 
reactions typical of albumin: an intense Millon's reaction and equally 
intense xanthoproteic and lead-sulphide tests. 'Vbenever, therefore, a 
substance b>1VCS the just-mentioned tests very strongly, and is at th~ 
same time insoluble in acids and alkalies and resists trypsin and pepsin, 
we know we are dealing wit,h kera.tin. Very finely divided, if'. very 
yonng, keratin is digested, however, by pepsin, according to Kuhne 13 

and Neumeister 12 (Cohnheirn); young keratin differs chemically from 
adult keratin (the author). 

Seuro·keratin was disco\rered by Kuhne and Ewald, and more 
carefully investigated by Kuhne and Chittenden; it is even more 
resistant to the action of alkalies than is .the keratin of the skin, and 

1 V. LilldwaH, Hammarst€Il'S abstract of the Swea,i;;}l original ill )/aly's Jakresber. 
f. Ti('rche]!L. 11. 38 (1881). 

il J. F. J. van Laer, bdJig's Anualel1, 45. 147 (1843). 
S J. Ho)."bacze ..... 'Sti, Sitzttngsber. d. Wiene-r ArVId. 80. math.·nat. Kl. II. (ISi9). 

(,Reprint). ~ Y. Bibra, Liebig's Annalt'n, 96. 289 (1855). 
G F. Suter, Ze(tsch'l'.j:physiol. C'hem. 20. 564 (1895). 
6 P. :Mohr, ibid. 20. 400 (1894). 
7 K, A, H. MUTller, ibid. 28. 595 (,1899). 
8 K. A. H. Marner, ibid. 34. 20i (1901). 
II It. Baller, iqid. 85. 343 (1902). 
10 J. Horbaczewski, Wientr Akad. 80, roa.th.·nat. &.1. II. (18i9). 
11 A. Ewald and W. Kilhne, l~erha-ndl. d. naturh.·'IW!d. l"e)"eins He'ideUJeTg, New 

~es I. p. 457 {187tl). • , 
1. R. N~umeisWr:; ~.f. Riot 31. 413,.(1895). 
18 W. Kuhne, Untermck. an dem- Heitkl/Jcrg.physiol. buditut, I,p. ~19 (1877). 
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it forms a portion of the medullary sheath of nerves in \'ertehmte 
.anll1laIs) and is found therefore ahunnantly in th(' hrain. "pinal ('ord, 
and peripheral nerHS; it also 'Jccurs in the retina; ill the central 
nervous system it amonnts to from 1 G-20 per cent of the df? residue 
after the myelin-substances have been remrrvud, and acem'ding to 
Cheva,Uer 0'3 per cent of the fresh scjatir nerve. III the "cntm} 
ganglionated cord of the lobster neuro-keratin is replaced hy chitin 
according tv Kuhne and Chittenden. 

Anal,vsl:;; shmys it to conta.in a remarkably high carbon percentage 
and fI. somewhat lower I;ulphur-content tht~U thl~t possessed hy other 
kel'atins. On being dissociated it. yieldi> leucin and tyro~in. 

To the kemtins beloI\~ also, accol'din~ to Dret'hsel,l the gOl'b'Uuin 
which forms the ground matrix of the axia.l skeleton of the coral 
Gorgonia Cavolinli. According to Drechsel and Henze,:? it contains no 
glyeocoll, hut histidin, lysin, arginin, leucin, ammonia, sulphurctted 
hydroge.n, and very large amounts of tYl'osin. It [~lso contain!'; iodine, 
and therefore belongs to the na.turally occurdng iouo--albumlns (see 
p. jjO). It dljfer~ from spongin, \vhich it otherwise resembles, in con
taining tyrosin. A more detailed :weOUl1t of nllied bodies is given 
when dealing with spongin. Mendel 3 has found an iodo-keratin also 
in other corals. TIle frame"work of the tropical horny spDnges, which 
Hnndeshagen 4 has called iodo-spongin, is probably ahw u keratin 
jUdging by its tyrosin-comeut. 

3. Elastin 

Elastin arranged into fibres forms' elastic tissue,' \rhich ma.y occur 
as a thick) coarse strand <\5 in the yellow neck-band or ligamentum 
nuchre of the ox, or ananged as a membrane as in the fascire, and in 
the \yalls of the !LOrta, or as fihres more or less freely intermingled 
with white fibrous tissue (as in skin, the ordinary connective tissues, 
in the smaller blood-vessels, and in tcmlon), or with cartilage, as c.p. 
in the arytenoid cartilages and many ea.r-cartilages. It also forms, 
according to Neumeister, 5 the organic ground suhstance of the egg
shells in SOUle reptiles and fishes. The elastin of the eggs of the 
grass-snake, which has been inrestigated by Hilger f' and Engel," is 

1 E. Dreclt~d, Zeitschr.j. Biol. 33. 85 (U. to IY.) (1896). 
2 .M. Henze, Ztitschr./.phy.9if)Z. Chent. 38. 60 (1903). 
3 L. B. Mendel, Amer. Jou1'n. 0/ Pkysid. 4. 2:1-3 (1900). 
t F. Hundeshagen, Zdtschr.j. angew. (!he-;,!. 1895, p. 473 (a<>..(:ording to the (]Mm. 

ZentraJ,bl. 1895, II. p. 570). li R. Neumeister, Zei.tschr. f. Biol. 31. 413 (1895). 
6 Hilger, Ber. d. deutsch. chem. Gu. 6. L 166 (18i3). 
, w. Eng'l, ZeiU<hr. f. JJWl. 27. 3)4 (1890). 
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;m elnstin if judger} hy iM composjtjon and its propcrtjes, hut is 
almost as insoluble as is keratin, and has therefore been called kCWlto-. 
eln,stin hy Neumeister. 

Ordinary eh\still is not much morc solu/lIe than is keratin; it is 
not ntu\cked hy 5 per cent KO H in the cold, :'Lnd hardly hy hot 1 per 
cent KOH, It iS I however) digested by both pepsin + hydrochloric 
acid and 11)' trypsin, and is cODycrted, although slowly, intD aJlumoscs. 
To ohtain it in It pure form, the other constituents wit}l which it occurs 
together are removed by alternate treatment ,\~ith acids and alkn,lies. 

Chittenden and Hart 1 found the percentage-composition of the
elastin of the ligamentum nuch:B of the ox to he : 

C 5+·0~ H 7·~ K 16·~3 S O·B. 

The ,mf~IYfiifi of Horh~~czewski 2 and Zoja 3 for the same elast.in, and 
those of Schwarz ~ a.nd Bergh:' for the aorta-ehstin, agree well with 
one another, for all giyc a high ca.rhon and a low sulphur per
centage. AU ohservers agree jll finding large nmouuts of leucin (f{{'(: 

helow). Horl)aezewski found 0';- pel' cent ammonia, 0'25 per ePlll 

t,yro,;in, glycocoll, and amjno-yaleril~rtic acid j Schwarz obtained o'a~ 

per rcnt tyrosill, and Kossel and Kutseher 0'3 per cent arginin. The 
latest analysis by Abderktldell and Scbittcnhelm ~ gives for 400 
grammes of elastin these figures ;-

! Glveot'oil. I Le~l~'ill 
; A1alli.n 
! Plwnylttlanin 

I 

,Grilmmes. l'f'f C~nt. ' 

Total 
1-----' 
I I 61 ( 

Elastin is amongst all a.lhuminous substances the one poorest in 
tVTosin and arginiu. The indol-deriva.tives are completely absent on 
s~lbjecting ela~tin to bacterial digestion, according to 'V~ilch1i; and 
Zoja. I> Enge1 9 found that elastin, whicl~ had been rendered soluble 

I R. H. Chittellu{'n and A. S. Hart, Zcitschr . .r. Rial, 25. 368 (1889). 
2 J. Horbaczewski, Zeitsc}/I'. J. physiol. Chem. 6. 330 (1882); Monatsh. /. Chntt. 6. 

639 (18S5). 3 L. Zoja, Zeilschr.f.phYl!iol. (]hem. 23. 236 (1897). 
" H. Schwarz,. ibid, 18. 487 (1893). 
~ )!:hbe Bergh, ibid. 25. 337 (1898). 
II- Abderl!(L.lden a-nd Sc:hi.ttenhelm, ibid. 41. 293 (HUH). 
7 G. Walchli, JIYiJ.f"4:/:prald. Okern,. (2J !7. 71 (1878). 
8 I,. Zoja:ZI'iUa1vr:f.physiol. Clte-m. 2? 236!(189i). 
9 W. Engel, ZeitWtr.j. Biol. 27. 374 (1897). 

;$ 
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with alkali, gave all the colour tests exceptiug the lead sulphide 
T€jl.ctjon. Superheated steam, according to Horhnczewliki 1 :md 
Schwarz, ~ and peptic and tryptic digestioll, according to llorlmczcwski 1 

a,nd Chittenden and Hart,:l give rise to albumoses. 
Elastic tissue is, however, so slowly act('(l upon hy pepB-in thnt 

Stirling in 1873, while working ill Ludwig's lahoratory, optically 
isolated the elastic fibres in the skin hy <iigesting thl' Lttter with 
artificial g:l.Stric juice, which renders all other clements, exc(\pting 
nerveR and lluclei, indi:;:;tinct:4 Suhseq1lcntly Ew,tld and Kilhnc r, 

treated \~arion8 organ:; with slightly alkaline glycerine extract of th(' 
pancreas. 'l'he results obt.ained by them arc given ill the author's 
Ph!lsido_qi('al lIistol(lrtll, p. 1 f13. Ewald 6 has E;u1,sequently cxt~ndcJ hi5 
research. He fauna chstin to he very slowly soluhle in hath pepsin 
and trrp.'5in; and that it WitS more readily acted upon by digestiYc 
enzymes if it had previously been uoi]erl or lw,(l hf'fm acted upon by 
acids or by alcohoL Rarinm tetroxide render:; fihrilioi indigestihle for 
pepsin, hnt more rCldily digestihle for trypsin, while chromic acid, 
if light ha.s access, produces exactly the opposite effect. 

4. Fibroin and Silk Glue 

Natural <;;iIk consist':; of delicate fibres composed of a core of 
fibroin surrounded hy an em'elope of a glue-like suhstance. Ihw HiIk 
contains therefore, apaI't from salts, a mixture of fibroin and silk-glue 
or sericin. Both these hodies have lwen investigated by Mnhler/ 
Sta.dder,.:! Cramer,lf "~f'yl,la Vignon,U ,,"'etzel,12 ltnd E. Fischer and 

Skita. 13 Lomhardy silk yields about 7{l per cent of fibroin and 30 per 
cent of glue. Even techni(:<111y purified silk contains still about 5 per 
cent of glne.13 

Fibroin is insoluble even in superheated water, in dilute acids and 

1 J. Horba.czt~wski, Zeiiiimt·./' jthy.'iiul. Clil'll/, 6. 3300882); Jbmatsh, J. (.fhem. 6. 
639 (1885). l! H. Sehwan, ibid. IS. 481 

3 R. H. Chittcllden :mu A. g, Hart, Bi,). 25. 368 
4 Vl, Stirling, Bet. VC1'h. d. d. Wisswnscn., Leipzig, 26. 

221 (lS(4); and in .Tourn. 
~ A. Ewald amI W. 'Di\:l \-erdo.uuag :.1" histologist:he ~[ethode,' r~erh. 

rUdurkiF;t. Verso Heidelberg (~.]<'.), 1. 45J, 
6 A. Ewald, Zeitschy. j. BI.o[. 26. 1 (1890). 
7 According to E. Fificher IUld Skibo 
S G. StadeIer, L'iebig's HI. 12 (1859). 
~ E. Cramer, Journ. /. prald. 96. i5 (1865). 
16 Th. Weyl, Bn-. d. deutsch. chem. Gesdlsch. 21. II. 1407; 21. IT. 1529 (18S8). 
11 L. Vignon, Compi. 'rend. 115. 613 (l892). 
1:1 G. WetZ81, Zeitschr. J. physiol. Chern. 26. 535 (1899). 
13 E. Fischer and Skib., Wid. 33. 171 (1901); 35. 224 (1902) 
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,l,lkalies, and therefot,€ a Papin's pot has always been used for sepa.rat
ing the two constituents of silk from one another. E. Fischer aIild 
Skita havo shown that fibroin may be heated for hours to 117-120°, 
provided care is taken to keep the reaction exactly neutral; in the 
presence of a.cids or alkalies it ls, however, considerably changed under 
thesD conditions. 

The analysis of fibroin by Cramer, \Yeyl, and Vignon show a low 
tn,rbon percentage aJHl 11 high nitrogen percentage, namely, 19 per 
cent; the sulphul' haM not been determined. The dissociation~products 
obtained hy }:. Fischer and Skita hase been given on p. 73, No. 29. 
Fibroin differs in its constitution considerably from other albumins, as 
it contains more than 50 per cent of glycocoll and tyrosin, and 10 per 
cent of tyrosin, wbile leuciTl is only present in small amounts; glut
amilJi(; and aspartic acid" arc absent. The basic radicals are slight in 
amount. Fibroin gives the biuret and Millon's reactions,l and, accord
jug to Krukcuherg,2 also that of Adamkiewicz. It js not attacked l,y 
either pepsin or trypsin, accOl·ding to 'VeyI, while by strong alkalies 
:1nti acids it is cOllYcrtell int.o albumoscs or albuminates. 

The lids covering the compartments in which wasp-embryos are 
hatched, Engel t has found to give the reactions and to show the 
301nbj]it,ies of fib1'oi1), ano. Schlossherger S states that {~obwebs are also 
eomposed of fibroin. 

Sil.k glu-I.!, according to the authors mentioned above, and according 
to BonJi,4 resemhles ordinary gelatine in its solubility, but it does 
not gclatiniSB so readily, and is further precipitated by acids. Its 
dissociation-products show, hO'wever, that it is entirely different from 
ordinary g:elatine (see p. is, No. 30). Glycocoll, if present at all, 
only occurs in traces, while tyrosin is very abundant, and serin is also 
met \yith in large amounts. Serin was first discovered by Cramer in 
silk glue. ,r etzel obta.ined the bu.ses in ample amounts. Positive 
results a.re obtained with the tests of Millon and Molisch. 

5, Spongin, ConchioJin, etc, 

SpongiJ~ forms the fra.mework of the ·bath-sponge. It was first 
investigated by PosseIt·~ and Croockewit j

6 and later by Stiideler,7 who 

1 W. Engel, ZeitsChr./. Bioi. 27. 374 (1890). 
!l F. C. W. KTukenberg, wid. 22. 241 (1886). 
3 J. &hlossberger, Liebig's Annalen, 1tO. 245 (1859) 
"' S. Bondi, ZMlsch:r.j, pkylriol. Chem. 34. 481 (1902). 
:. 1.. poate1(.Liebig's Attn.al.en., 45. 192 (1B43). 
1\ J: It tJroi>elrewit, Wid. 48. 43 (1843). 
~ G. Stadeler, ibid. 111. 12 (1aG9}. 
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gave the substa.nce its name) by Harnack, I a.mI by Kossel a.nd 
K~tgcher.2 The ana.lyses 3 sho""" a low carbon-coutent; Slllphur is 
present j the dissociation-products are given on p. 73, ~o. 3:t The 
basic radicals a,re pref5ent in abundance, and so are Ielleill, glyeocoll, 
and glutaminic add. Tyrosin is absent. It dissolves at the ortiinnrr 
temperature only in very concentrated H2S0~ or Hel. more fC<J.dily j;, 
caustic pota.'Sh and in ammoniated copper Dxide, and also in "Up{ll'hN~Lf'd 
water." The presence of iodine, first ohserved by Croockflwit. is (If 
special interest. Harnack prepl1red from sponges the iodo-spongin, fln 
atiuretic, iodised dissociation-product (compare p. 234). The support,. 
iug frameworks of the tropical and subtropical horny sponges, which 
contain in older specimens up to 14 per cent, of iodine, according to 
Hundeshagen [, do not belong to this group, hut to the keratins, al; they 
yield an iodised tYl'osin, which ordina,ry spongin rrobahl~' does not do. 
A detailed account is .still ·wanting. 

Conchiorin forms the organic grollnd matrix of the shells of m(Jlluf;cs. 
It was first examined by von Yoit,i' and suhsequently hy Krukenbel'g! 
Eogel,8 and especi;.dlr \retzeP It is only sligbtly soluh1e in a(:i<is 
and in superhea.ted )Yater, hut. fairly readily in alkldicf>, at le;t-",t as long 
a>3 it is young, for old conchiolill, according t·o Voit, is much more 
insoluble. It gives the biuret- and xanthoproteic tests 1'1Ild J\1illOIl'" 
reaction. Its diss{}Ci8.tioll~products u,re given on p. 73, Xu. 31. 
Conchiolin ccmtains in addition 8'GG per cent of its nitrogen irl a ha.<,.i(' 
form (\fctzcl). A carbohydrate radical and iodine t->f'em to he ah>;ent. 
while sulphur and, according to Vait, also iron arc present, lmt it does 
not give the lead-sulphide rea.ction. In the shells of mussels, conchifJlin 
is arranged in definite lamellre, which, not:witbstalJding theil' djjfercnt, 
colours, do not show any considerable difference in their chemical 
constitution. The eggs of snails (:\lUl"Cx] also contain conehiolill 
(Engel). 

Corne-in forms the framework of corals; it yields indo1, according 

1 E. Harnack, 
2 A. Kossel and F. 
II L. Posselt, Croockewit, iryili. 48. 4~ 

(lB43); E. Harnack, 
4 F. C. \\". Krukellberg, 
~ F. Hundeshagen, <Jhem. 1895, II. p. 5iO. 
{I C. Voit, 'Physiologie d£>r Prrlmuscbel,' Zrit,whr. f. 1l.'if;Sen,~clw.ftl. Zool. 10. 470 

(1860). 
'7 F. C. W. Krukenberg, Ber. d. dentlJch. cJ~eln, Ges. 18. 1. 989 (,1885); Zfitschr. /. 

BiOl. 22. 241 {1886}. 
8 W. En.gl::!, Zeitschr.[ BvA. 27. 3j{ (1890); 2S. 845 (1891). 
9 G. Wetzel, Zeii$chr.j.l}hy~i()l. Chern. 26.535 (1899); 29. 386 (1900); ZentralJJl. 

/. PAys. 13. No. () {l899). 
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to Krukcnherg.1 Attention is again drawn to the other compouuds 
described by Krukenbergj which }Javc been mentioned on p. 554, aljld 
to th€- substance forming the casing of Echinococcus, which has been 
studied by Lucke. Z 

6. Amyloid 

Amyloid is gCJlcraU;r held to be a pathological product, but 
Krawkow 3 har, shown it to occur normally in healthy aor\;:::e, and 
occasionally also in old cartilage. r nder certain pathological conditions, 
especillJly those accompanied by great pmteid-nisintegmtion, it js fOhnd 
in enormous qllalltitie~. ]t is found either in the form of the so-called 
corpora am;rlM:ea in the brain Imd in other places, or as a diffused 
mas" in the parenchyma of the liver. the spleen, the kidney, etc" 
whewwcr these organ::; have uIHlergolle an a,myloid degeneration. 
Am,rloid was first discovered hy Yirchow,4 who originally held 
it to IJC a carhohydrate hecause of it.s peculiar colour-reactions, and 
henee gave it it>; name. That amyloid is an albumin 'was firf:lt shown 
by Scbmidt J and }"'d€,drelch and Keku}r\(J and Kuhne and Rlldneff.~ 
Amyloid occurs ttl> shiny, homogeneous masses, ,vhich, if they be present 
in large amount, give to the affected organs a firm, almm;t wooden con
sistency, !lnd a peculiar greasy appearance resembling bacon. 

The colour-reactions given by amyloid are very characteristic:-
1. "''"hIt iodine + potassium iodide it is stained a deep reddish· 

hrmvn mahogany ('.olon1', while normal tissues appear pale yellow. If 
amyloid stl~ined with iodine is subsequently treated. with sulphuric 
acid or with a sulutiou of zinc chloride, its colour is deepened still 
more, or becomes hright red or violet or more blulsh or green; 
occasionally a violet colour is seen by' simple treatm.ent with iodine. 

2. ",Yith methyl-violet amyloid is stained a beautiful ruby colour 
or pink or l'eddish violet, and not blue or bluish violet1 as are norma.l 
tissues. The colour-reactions of a.myloid have hecn fully dealt with 
by LUoo'fscb in tIle EnC.IIcJDprrdia oj Microscopical TrcJmique.8 

Apart from the authors mentioned above, amyloid has also been pre-

1 F. C. W. Krukenherg, Bn. d. delltsch. ckem. (la. "17, II. 1843 {l884}; Zeiischr. 
/. fH.l.!l. 22. 241 

:l A. Liwkc, 19. 189 (1860). 
Path. u. PJUl.rm. 40. 19.5 (1897). 

~ It Virohow, 6. 135,268, 416 (18M). 
Ii C. Sclunidt, Liebig's Annaku, 110.250 (1859). ~ 
6 N. F-rie(ireicb and A. Ke.k\lle., l-~il'"clunc's Archil), 16. 50 (1859). 
7 W. Kuhne- and Jlltda.e"(_,ibid. 83. 66 (188b). 
8 Encyldapii.die ... -mihoskopiscken TedtIit"k, Urban and Schwarzenberg, Berlin, 

1903. 
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parce. by Tschermak,l Krawkow,2Ludwig,3 Kostjurin,~ :\todrzejewskV 
~ Cogn,6 and Oddi.' They l'emoyc~d the other tissue constituents with 

boiling watcr', Jilute alkalies Ilud pepsin + llydrochloril' acid. 
Analyses" show a not inconsiderable amount of sulphuf'. Accord

ing to Luharsch (Knnrkow) its percentage-composition il'-

The dissociation-product,,; are ennmemted Oll p. 7:\ No. ;, 1; the 
tyrosin-COIlLent is thcn·for(~ fttidy high. Amy]\)iJ giYCR all the colour
renctions of alhumins, ex:(~ept the lead-sulphide reaction (Tschcflllak), 
~ejther KUhne and Hudnctr not Cohn c01l1d olJtttin £t cltI'hohydrat(\ 
hut Oddi fOUlld in o1'gans 'rhich had undergone the nmyJoid de~cncr[(
tion chonriro-sulpburjc acid (sel' p. ;)4-:3), whleb, nnder nOI1Tl<tJ rOlJ(]jtiow'l, 

is ahscllt except jJj c.artl1llge. Krawkow has fnrther iR()lated ehondro
f:1.ulphuric acid from pure amyloid, hut it iB more firmly houud l.lp in 
amyloid than in the chandro-mucoid of cartilage) as it umld )lot lIe 

libcmt.ed lly mean!; of pcp:::.ln + hyciro('hioric :tel(!) which converts the 

<~myloid i1lto uJllumoses. According to Krawkow the staining reactioll 
with methyl-violet depends on chollllro-,mlphnriC' acid, hut the latter 
(loes not cause the staining with iodine. Amyloid should therefore be 
clas5;cd amongf'it the glyco-protcids, but, as mentioned ahon:, a carho
hydratc-radic:tl hits not ret heen demonstrnteu. Cuhn ha.5 shown thilt 
Krawkow's view thl.tt amyloid iB related tu chitin i$ wrong. 

AmyloiJ i3 (jllite insoluble in cold ·water a.Jl(J in salt-solution<;; if 
boiled for some {bys with water jt, is p~lrtja1JJ" di."so]ved, llc{'orrling to 
Klihne nnu Rudneff j ,,,hile if heated under pres\;ure it dissolves mon' 
readily (Tschermak), Coarse amyloid dissolYes only ·with difficulty in 
acids (Kuhne and Rudneff, and Krawkow), while finely diviued amy!oiu 
dissolves in 4 per cent HOI and all;o in organic acids (Ludwig anlt 
Tschermak), Digestive ferments also only attack very finely divided 
amyloid readily, while ·w-ith coarser complexes they have difficult,y. 
Amyloid dissolves readily in alkalies, in rJaryta ,~'aterJ and in ammonia, 

/M"''''''J.p",,.,~.Che1l1. 20,34.3 (1894). 
Pntlo. 11. Pkarm. 40. 195 (1897). 

3 & Ludwig, 82. lsa (1886). 
4 S. Kostjuriu, wul. 82. 181 (1886). 
I> E. Modr1:ejewski, Arch-f. l'7'per. Path. it. Plurr'f!]., 1. 425 (1873). 
6 R. Cohn, ZeitscAr. f phyS!·ol. CAi'"m. 22. 153 (1896). 
7 Ruggero Oddi, Arch.;: expe:r. Petta. 11. Pharm. 33.376 (1893). 
8 A. Tscherlllllk, Zeiischr. j. pnysifJl. Clte:m. 20. 343 (l894J; W. Rilhne and 

Rudneif, VircJuvw's Archil', 33. 66 (1865); C. Schmhlt, Liebig's Annalen, 110. 250 
(1859); N. Fried-reich and A. Kekul?, Vil'chow's AnMv, 16. 50 (1859). 
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there being formed alburnihates, primary and secondary albumose!', and 
peptones, and these, according to Tschermak, still give the two ool~ur~ to 

tests of amyloid, and in some instances even hetter than the original 
mother substance. 

7. The Albumoids 

Under this name, which in reality is a hut rarely used f:;vnonvm 
for albuminoid, Cobnheim bas grouped a numher of ~uhstarlc~s wh'ich 
cannot he put into any of the other groups, and which possess a 
number of propertieR in common. They form the ruemhmnre propri8:' 
of many glands, the hyaline membranes, the sarcolemma, surrounding 
muscle fibres, the firm constituent,s of the lens, of fish scales, etc. 
Their numher will no doubt be increased hefore Iong, and then a 
further subdi,'ision of this group may lJB made possihle. The chemistry 
of these substances is practically unknown, becanse they ca.n he 
outailled only in n~ry minute quantities, 

AI:i rega.rds soluhilit.y and digestibility they remind one of the 
gela.tine-yielding t,issnes, bnt they completel.v differ from them in not 
yielding gelatine. In most respects they resemble coagulated albumin, 
according to most authors. If albumin is coagulated and j:; then 
exposed to dry befl,t of 1] ir, It gradually becomes nnner, harder, and 
less soluble, and finally nearly insoluble and indigestible, :tCcording to 
Ki.ihlwand Smitb.1 The albnmoirh ahont to be described resemble 
such 1L co~\gulatcd albumin marc or less, although, of course, this state
ment doe,:;; not in any 1yay clear up the genetic relationship between 
the albumoids and albumins. In other respects the albumoids differ 
so much ieom one another as to necessitato their sepaeate descriptions. 

SU1'co!emm,a.-Chittenden'2 has investigated its behavioill towards 
digestive enzymes histologically, and has thereby sho"'wn that it differs 
from the soluhle muscle-albumins and from collagenolls tisl';ue. \Vhen 
fresh it is readily digested hy trypsin, hut is rendered quite indigestible 
by treatment with osmium tetroxide, while ordinary white fibrous 
tissue remains iioluhle. The grey sheath of medullated nerves or the 
sheath of Schwann; the membranoc proprire of the uriniferous tubules, 
the gastric glands, and the pancreas; the ~mbstance forming the lens
capsule and Dcscemet's membrane in the cornea all behave simila.rly to 
the £sarcolemma. v. Holmgren S has found that after the removal of 
the soluble constituents of muscle, there remains a fraction which is 

1 n. Smith, Zeitsc.h'l'.f. Biol. 19. 469 (1893). 
, R. H. Chitten<\en,. ·lJW,e'rsuch. a. d. Heidelberye'l' }Ihysiol. i1t8titut, S. 171 (1879); 

.lso H. F. A. _.i!oiI; ll . • S8 (1877). 
3 J. F. v. Holmgren, Jlaly's Jalwei!ber.' f. Tierckem. 28. 360 (1893,). 



THE ALHUMl~OlDS, ALllUMOlD8 

insoluble in water and itl salt· solHtions, hut soluble in a.lkalies . 
• \r~ether this snhsta.nce, coagulating at 60 , 19 tht' alhuUliH of tllr 

sarcolemma or coagulated myosin is llncert.'1in. 

llfernbra1~in is the term which \Hirnet- J Las ,drt'IJ toO the ,I;;uhsuuwe 
forming Descemet's membl'llllC. He has iciolateu it <~1111 fiudJ.; it givc~ 
the follon~ing reaetlons: ]J, is insolul,le in witter, in [.w.Ji.so]utiotIS, Itnd in 
cold, dilute aeidf'. and itlkalies; it dissolves, howevct',. ill l)oiling wat,cr. 

in acids and alkalies, and forms a gclatinising fluid, It gin~:-. a distiut't 
hiuret- (lJ)d lead-t:mlpbil1c reaction, a, feeble furf11rol reaction, but Yerv 

iHtcnse I\fiHou'" :tllU x.l\lIt,hoprotcic rC1tetioflS. B~' boilillg with tlcili", 
a reducing snbstancc is split nff, ,,,hid) is Hot due to a.ll admixture of 

mucin. 

O.';:'Sf(HdhUf/1uirl is i1 suhstance which Ha wk and G ii:'~ ~ prep:u'("{ 
from powdered llone ~dter lwsiHg removed all snluhll'. ItlLumin, mu('()id, 
a.ml gelatine. 

('/toIiJ/ro-unwllllirJ h:v; l;een prepared i11 a ~imilal' nWlllwr fl'om 
cartilage.:; 

Til,' lr'II,HlU,u1lI(lid was d~scl'i),eJ I'f I\IiimcI'," after Kllies" 11<l01 
shown tbat lenses suffcriIl& from cataract were lIot tODl}losed of kf'THtilJ, 
hut of all allmmin whieh Was digested hy pepsin. This allHlnloid i" 

insoluble in ·water and in ~a]t-solutiDIlS, with great uiffi('ulty .'wJu),le in 

acetic acid and ammonIa, hut rea.dily Roluhlc ill very dilute Hel or KOH. 
It is precipitated fI'OlU its >;olutiol!s on nentmiisatioJl and }J_r ferroc."I--'ttHic 
I'wid. It is salted out hy completely silturateu solutions of Rodimn 
chloride alld sodium sulphate amI hy half-loiatul'atcd solutiolls of 
ammonium nnd magllesiuDl 8ulpb;ltcs. Jts cD.-"lgulatiOJ).temperatul'l> 

Morner gi\Tes as very jr)\\', namely, between 43" awl ·17". The 
a.lhumoid gives the reactions of Millon, Adumkiewiez, and LiclJermawl, 
and t.he lea,(I~su]phjde test. A carbohydrate f5€ems to he allsCtlt. 

The albumoid ill cOlljunction with two globulins, the ((- and 
{3.cryst.'lllin, huilds up the 1ells fibres. In the lenses of funy-growl} 
cattle examined hy Mi.'lrner, the albuIDoid amounts to 48 per cent of 
the albumins in the lens and to 1 i per ceot of the fresh lens;; its ;tmount 

varies, however, with age. as it i;; much morc abunda.llt in the inner 
older portions thall iu the outer younger ones. 

l'll{' Chorda Dorsalis Alhltlfnrw-l. -Bt.enherg" liaS show!) that the 

Mijrner, Skarvlinar. 
4 C. T .. Morner, 

(190~, 

310 (190:2); c. T. 

fj M. Knie~, Untersuchungen o:us dellL f'hysiol.lnst-itllt }[e;(ldber;;. 1. 114 (1877). 
6 S, Stenberg, Arch.f. Anat. 1!. Physiol. A1Hl.t. Abteil. 1881,:p. 105. 

2 P 
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ehorda dorsali8 of the lamprey is poor in firm constituents and -that 
mucin and coHagen rtre aL::;cnt j but it contains a body, not rea1ily • 
s(I}ul,)e in Ilcicis, ana more soluble ill alkaJies, which call he digested by 
pep:.,;in and trypsin. KOf';:;;eI ( has iliyestigated thi chorda dorsalis of 
the "tutgeon, IWel hns found neither §!e1atine nor mucin nor mucoid, but 
all alhuminoll':i slll,~tancc which is fairly readily soluhle in n.lkalies, 
which j,';; precipitated hy a,cid~, and readily dig-c.:Ited by pepsin. 

]rhfliplrpi,'lin is the Ilame ·which ~Itfl'Jler" gave to a suhstance 
he found in fish ~cal02s hesides coHagen. It i8. insoluble in boiling 
water, am1 is also Dilly p<ll'tly sO]llhle ill. 8upf>rlwated steam. It lS 
,.;oIuhle in dilute hot, and jn strollg cold, acids and alkaJics. It is 
digc.'~ted by pep.-;in and hy tryp~in. It gives the hiuret-, xanthoptoteic~, 
lc:ul-st11j,hidc test" and an especially w'i'll-ma.rked Millou's reaction, 
which ht,ter distingnishes iL from f(elatine. It does uot. gin.: the 
A<laUlbewi(~z rea.ctloll, nor does it yield a carhohydrate. It amounts 
to ;:(1 per cent. ill the scale~ of the teleost-call fishes. <llld is absent, in 
the (i-a.l1oirh .:lmongl;t the Te)eosts it j_" olllr ahsent in the Sehlele.:-: 
Green amI Tower ~ h[l,ve also s:;tnuierl it,; Jif,trihutioll. 

f{1~ratillOi(l.~-The hOnl,)' hlyer of tho mUNcnlar stomach of bjnls 
has been cXR.mined hy Hedtmius;' who obtainerl ;1 sniH;tance which was 
in..;oJu},le in water, dilut.e acids awl alkttlies, and which could only he 
dici$olnd h~' strong alk::Llics. Pepsin diW',sts it slowly, while trypsin 
has [10 action, Superheated steam does not render it soluhle. J t 
contains sulphur, anel gi\'(~s the x~nthoprot('ic-, furfurol-, and Millon's 
l'C'!LCtions. ',","hell disi'locintcd it yields lencin, a little tyrosin, but no 

ret]ucing Ruhstance, ]t differs fl'llm the keratins in possesshlg less 
sulphur and Ie",,, tyrosin. 

Ret/rlll;}I was prepared. by Siegfried n from the reticular tissue of 
the mucous membrane of the intestine, where it occurs along with 
collRgen. The mucous membrane of the small jntestine of the pig is 
first thoronghly digested with trypsin + soda~ and then with boiling 
wa.ter to remove all traces of gelatine, of the cell cOllstituents, etc. 
There js left oval', filially, a powder, the reticulin, whicb is insolllo1e in 
·wat.er, in dilut~ acids awl alkalies, in pepsin and trypsin j it contains 
large amounts of sulphur, and in addhion also pbosphorus in an organic 
f(wm. 

l A. Kossel, Zeitschr./,physWl. CheJn. 16. 331 (1891). 
~ G. T. )Ibrner, ibid. 24. 125 (l8~i). 
.; G. T. Murner, ibid. 87. 88 (l902). 
-+ E. H. Green and R. W. Tower, ibid. 35. 196 (HI(l2j. 
~ ,1. Redenius., Sk<tmUtt'at> . . A:rcJi. f. Physio/.. 8.244: (1891). 
(I M. Siegfriad~ JJl~r. d. sfichs. G¢. d. lVissensch. 189:': (prelunina:ry com· 

muuiestion}; Habilitatioftschrijt, Leip.zig, J892; JfJ'fJ!/'n. of Phys;ol. 28. 319 (1902). 
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-rt gives the hiure.t-, xanthoproteic-, lead-sulphide tests and th", 
• A.amkiewicz reactjoll, hm lInt that (if \Jilhm. \Yhim hoilt~d. with 

Hel it yidds lysatinin, much amiIl1)-yal(~l'i<llli(: acid. also auulIonia, and 
sulphllrettcd hydrogen, hut little or no ghnaminic I1cid, nn tyrol'lin, and 
no carhohydrate. noiled with superhenteJ wnter', or with eaustic 
soda solutioll: it changes into albumillate~, ldhunlos(:s, and peptonel'l. 
UeticuHn differs from all other al1mminoids in t'Ollta..ining phosph()I'u~. 

Cutiwlw (~r lVo),rrl.s.-The cuticulll of Lumhriclls i:-;, ac{'onliHg to 
Snkatschoff,l not chitin, hut ,lIso an t.lhumoid. 



CHAPTEI, XII 

MELANIX,"; 

THE mcbnins arC dark black or brown, even reddish-brovm pig
ments, occlll'ring in hairs, the skin, the choroid coat of the eye, and ill 
pigmenLed new- ~t'O\\·t,hs \dlieh start gCllcrally in connection with the 
skin. As the Dlcla.nius a,rc hIlilt llll qualitutlycly out of the sume 
I'a.rjle.ds ;1,13 arc met, wit,h in .'lJJmminow.; Buhstanees, ther ;u'e regarded 
n.s ucrivatlyes of Itlhnmins, and are hence included in this book. 

It. has tl1ready heen mentioned that a number of the dissociatioll
prOdU(:tR of alLu.min, c.q. glucosamitl, tyrosin, tryptolJhanc, anJ lysin, 
have 11 tendency to hee:ome cOllyertcd into tlarkly coloured compoundti 
of uIlkn01Y1l l'o1J,stitntioll forming the so-called 'humin substances' 
when Lhey ;lrC hoiled with atid8 (Samnely).l 

Schmiedeher;:: la>l drawll attention to the faet that these bodie" 
have tt considerahle resemblance to the mela.nins both as regards 
composition alld re::1CtiollR, and hence has called them melanoidins. 
Schmjcdehcl'g I1lld X clH.:ki -.: /Ire of the opini01J that melanins mar he 
deriycd from a.lbumins over the humin substallces, hut especial attention 
i~ drawn tn the fact that our chemica.l knowledge regarding these 
amorphous mixtures of substances is as yet very limited) and that the 
proof I>; still outstanding that humin substances and melanins are one 
and the same. Spiegler, ~l on oxidising melanins with sulpburic acid 
and potassium bichromate, has isolated a substance which he helieves 
tl) be rncthyl..dibu.tyl~acetic acid. 

Melullins differ considerably in their. composition according to the 
source they a.re derived from. They only agree in possessing a high 
c.arbon and low hydrogen percentage. Some contain no sulphur, while 
others may contain up to 7 and even 10 per cent. The iron-content 

l Samudy, Ilojmei,;(er·1l Bt'(tmg<'. 1. 229 (1902). 
!: O. Schnuedebtorg, Ar('ll.i1" f (·;,J;perimod. Pathvl. 1.d"Uf Phann. 39. 1 (lS97) (see 

MSO tilfl illdtlx). 
l 1\1. Nellcki. Berichte d.· 'f-lI!lltsch. chem. Ue:>.28. 1. 560 (1895); C. Beitler, ibid. 

31. 11, 1604 (1898). 
~ E. Spieglm-, Hojm.eislt:)·'s Beitl"ii;}e, 4. 4() (1903). 
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var~e$ also, and mehnins free from ir~m as well af; ot,h~r)', cOlltaining 
• h~h percentages of jrOll have been described. .A great deal of attention 

was paid to the iron·radical, I,ccanse it was hoped to ,get some in
formation as to whether melanins were derived from the blood pigments. 
Inasmnch as most cell-albumins lmd all thc Ilucleu-proteids cOlltain 
iron, no definite conclusions cftn hf'" formed rcgaruing this I]ucstion. 

Being amorphous, melanins offer no guamntce of having hecn freed 
from nJI rema.ins of bIooo pigments, aIbumjn, etc., ano therefore the 
presence of sm:t11 amounts of iron is of no valne in throwing light un 
their origin; but, on tlw other hanel, two groups of mel/win!> may he 
distinguished by containing either a very high or a very low sulphur
perc611t.:'\ge. 

Most of the investigations regarding mel[tnin have been made on 
tumours. })igmcnts hom cases of humall melanotic sarcomatlt, mostly 
metastases of t,he liver, have hoen investigated, apart from the older 
inquiries, by Derdez and ?\crwki, I who use the term phymatorhusin; 
by Morner/~ Miura,:' lkandl and rfeiffcl',+ Henscn awl 1\iilke," 
Schruiedeherg/' Zdanek and \T. Zt·ynck/ anti Y. Zumuu8ch,i:> and 
'Yolff.H Berdez ::mil ::-\encki,10 ftHd Nencki anu SiclJer,l1 bnve a180 
analysed the' hippomelanin,' a pigment they o\)tained from the mela
notic tumours of a white horse. 

The black colouring-matter of the hair and the skin of negroes 
h<J,~ been studied by Sieher/' Nencki ami Siebcr,t3 and Ahel awl DaYisjl1 
that of the choroid by Scherer,]" Sieher,l:2 and LmldoJt.lI; The melanin 
from the ink~bag of Sepia ha,s l~een analysed by Nencki and Sicher.l:\ 
In the following tahle the analytical numLers which Schmiedeherg 
gi,rcs for melanoid ins have heen included. 

1 J. R"rdez Ilwl M. Ncncki, A,rclw; I I':tI!et"Ui,,,(!.t. i'fd/lu/. u. Plai1'!,,_ 20. 346 
(1885). 

~ K. A. H. Morner, 

6 O. Schru.iedrherg, Archir f. c;tp~rill,pnt. 

also the ind(i}: J. 
7 E. Zdanek awl R. v, ZeY1H:k, Zeitsckr. /. 1)/!lIS1(Jl, Clhcm. 36. 493 (1902). 
S L. v. iJMl. 36. 5)0 (1902). 
9 H. WDlft, 5. 476 (190~). 
JI) J. Berdez }L Nencki, Arch. / ,·:cpa. Path 1(. Pkarm. 20. 346 :1885). 
11 M. Nencki and K. Si.eber, ibid, 24. 17 (1888;. 
h :!'i. Sieber, ibid. 20, 362 (l&Sf,), 
lZ M. S~ncki and X. Sieiler, i(lid. 24. 1; {laSS). 
H Abel antI Davis, Jfntrn. ELpff. J[(JII, 1. 361 (1896). 
l~ J. Scherer. Liebig's Ann. 40. 1 (1841). 

(set· 

16 H. Landolt, Zeitsch1'. f. physid. CJwn.28. 192 (1899); here Hie oMer literatul'e. 
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The melanins are not known to give special reactions; they do 
not gi"e the reactions of alhuminous suhstances. The dissociation
products have been investigated by Zdanek and v. Zeynek, Y. Zum 
busch, Nencki and Sieher, and Berdez. Neither bases nor phenol, 
loucin, tyrosin, nol' cystin could be found. Indol and skatol were 
isolated by Hoppe-Seyler,l'; and Berdez and Nencki, and in addition 
also formic and succinic acids and nitrites. These derivatives may, 
however, be due to impurities. Spiegler's results have already been 
«lluded to_ 

The melanins of tumours, when dry, form black, shiny masses; when 

:; [f, Hell~ell antI Nolke, 

Path. jl. Phrm)!. 20. 346 (1885). 
li. 66 (1886); 12_ 229 (1887)_ 

k[l',I. j[ed. 62. 347 (899). 
" E. Zdrmek and It. v. Zeynek, 493 (HI02). 
II 1.f. lttiul'a, r~i,.ch(lw's Archil', 107. (1887). • 
6 J. Brandl nnd L, Pfeiffer, Zp,.tsckr.f- Bu){, 26. 348 (1890), 
7 O. Sehmiedeberg, Arch.f. e..1'1)Crirn.fnt. Path. u. Pharm. 89. 1 (189il. 
8 L, v. Zllmbu~ch, Zeit8chl-. f. pllysWl. Uhcln. 36. 510 (1902). 
1> N. Sieber, AreA. f. e.::cper. Path. 1 •• Pharrn. 20. 862 (1885). 
1(1 M. Nencki a,nd K Sieber, ihid. 24. 17 \1888), 
11 Abd !lnd I)a.via, JOU7"1L. Exper. Med, 1. 361 (1896). 
1~ J. Scherer, .liWYi(/·s Alln .. 40. 1 (1841). 
1:1 .Ii. Landolt. Z6itscM./:;"yswl. (Jluml. 28. \,92 (1899); here the older litel'l'ture. 
14 H. Wolff, HQ/I'M(gt';?$ '&ilr, 5. 476 (11104). 
16 F. Hoppe-Seyle:r, ibid. 15. 179 (1891). 
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powdered they appeal' of a lighter coloUl', more brown: a prqJaration 
• of _Hensen and Xhlke was (H.Jll'c"t'oiourcd. The,-" are insolll\)le ill 

water, neutral salt~solution5, alcohol, amyl-alcohol: ether, chloroiol'lll, 
benzene, ete., and in dilute acid,,; in riO per <'ent ::t('ctie [Leitl the}' M'e 

soluble to a slight extent, and this. soluble fraction posseflses, lLl'corfhllg 

to Morner, !lomewhat different properties. III alkalies, ammonlR, a.nd 
the alkali·ca.rbonates, mclrtniut; a.re rea.dily soluble, awl fonn III cun
centrated solutions l)lack or brown-red, and on dilutioll yeHow-hrllwH 
solutions. Examined spectro~copically, mclaninf' do )lot sho",- all~r 

dilltinct bands; there is a uniform darkening eommcncillg at Il which 
hl'colUeR ahsolutt: at the latest hy fJ. 

The colouring power of the m~hU\in muy he judged hy the farl 
thilt all average neg-t'o, a('('orJin;; to AI,el and DftYis,l lla" ill his "kin 
3'3 f.,1T'J.mmes of pigmentary grauules, of which amount. only 1 ~ranune 
consists of pigment, the other 2'3 gramnres comistin~ of :t ('olourless 
suhstratum and much inorganic nW,tter (Ca, Mg, Fe, siljcic-. Vhmlphoric-. 
Rnd sulphuric-acids). r7ri1l containing 0'1 per cent of melanin has 
t.he colour of dark heel' (Hcl!sen /tod ::\filkc).-Xend6 and 13c1'<1e;;: 
have obtained from 0110 liver :WO gnlms of mebuill. 

From their alkaline solutlons melanlns are precipitated by acidi
ficatioll, and like"wi5e by the addition of harimn h)'urate, lead ncetatt., 
and l,y saturating the solution with magnesium sulphate. To extract 
the melanin fwm tnmours, the tissues are extracted witll water, wlJich 
converts tho pigroeut into a. fine 811SpeJlsioJl 1 ""hieh latter is readily 
carried down hy precipitating phosphates. The pigment if.> theH 
purified by repea.t,edly dissolving it in alkalies, and pr{'cipitating it 
by acids. 

In some of the c:,!,ses mentioned ahove, the melanin was also found 
in the urine, either as such or as 'melanogen,' which hy oxidation 1" 
cOllverted into the dark meLanin. Urillf' containing melanogen sbows 
the normal colour, but assumes the dark melanin-colour I)U the addition 
of nitric acid; potassium bichromate + sulphuric acid _; hromillc water 
or ferric chloride. Miura has heen in some cases successful in demou
strating melanogen in the urine of l'abhit~ after haviug injected melanin 
into the peritoneal cavity. 

\VoW' obtained two pigments from a melanotic Ii,er, oue of which 
was soluble in soda-solution, while the other one was insoluble in 5 
per cent eold soda·solution, hut it could he made soluble b:T heating 
to 50" or 60°, becoming at the same time den.aturalised. The soluble 
pigment gave lower carbon-values than most of the melanins. From 

1 Abel and Da"i~, JOWl'n, EZJln", Med. 1. 361 \1 S9\)~. 
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aJlother mt'lanlH \Yolff ohtailled 15 per cellt of a hydro-aromatic ~ody, 
which was identica.l with xyliton, and which agrees with Spiegler's" 

j,'-otril)lltyJen iH cont~'1illilJg the radjcaJ 

Il'H)3-C" 
. .jC ~ C(CH,I, 

(Ul,),-L 

H, (CH,J, 
('-C 

(CH,le_( )c ~ C(CE), 
"('-e' 

isotributyJr.n f[ () 
:..ylitoll (J\crp anel :\hlllcl'i. 

In addition t.o xyliton was found isoyalerollitril to the extent of 2'5 
J)C1' rent. Another suh"tance of unknown composition was i"olatea. 
l]ow tl1e sU]llhur If; linked on ill the nwla,1l1D eould not be determined. 

Brandl awl Pfeiffer and ,YoUP dig:est mehwotic liw~r 'with 
vepsin -, Bel. till albnmoses can no longer be demonstrated, and then 
extract the residut' \\·ith 8, per cent soda-solution. 

The melanins from the hair, the skin, choroid coat of the eye, and 
r.he illk-hag of Sepia agree in their properties with tIle melanins foulld in 
MlmOUl'S. Landolt found indol and ammonia amongst the dissociation
pl'oUuds. 

1 11. Wolff. l1qfmdstc/s lkifrilfF 5_ 1iG (};1{l4':. 



iSdwn f)rutr /:Iud man iU\1rt1, onf:: blr .'Bct'tadlhllll\ bcr Be[{r nl~ tinct 
mit d}l'mlimrn llJ1D )It}lJiitnlilQH:nrmild)l'll illittdn t1rhritrnbcn ':lJl.llid)im 
nltgcnbf> ~u $rl1b[L<I1t,'ll fiityrt. Il,lddjr bil' ~{nllal1ll1r ant)crcr a(~ b\'f,un{fcr 
Sltiith' 1I11twtnll'iblirl) 1'"ridJl'inm HcllCll, tmr. 'oak iLl melt abJu\cl)Cl1, t)i.el: 
fii:r jem :Ncfii\ttathm, oil' lidl emma! in c1:nclH "ignol'abimus," ba5 anOere 
':'01111 in l)italijtijctH'll SttJlup,iolgl'tungm iiufl~tt, tcm I"ltn(uB )Jorltcgt. 

II(jf"MEr8T~r:, l!Wl, 





A 

on whumill, 85. 101. 200 
on arginin, 14& 

action on hremogl()biD, 496 
Acid·: 

INDEX 

albumin, 175, ] 92, ] 99, 202, 204, 
224,317,319.320, 337, 347, 387 

amide.nittogNl, ~43 
all\id~: distillation of. iF, 112, lZS 
anhydTirl~s, 118 
azides, 119, 121 
chlorides, 118,121, 131 
h9.lffiatin,497 
hanuoglobin, 495 
imines, 143, 145 

Acidity of compounds. &e undu Reaction 
Ac\,o.alburnoiW, 115 
Acyl-: 

derivatives, 129-131 
faQicals.118 

Adamkiewicz' reactio1l:, 8, 125, ) 92 
Adeua~, 435 
Adenin, 428, 432, 434 

.s7 
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9' 

OXi(Latioll, 8t), 92. 811 (I!SfJ 1t/Hl€T 

th('<' head/II!!. 240·248 
plllri(l.ci<lmlturc, 14,{, 2]8 
plllri\'Il.~ic 147 
parity qf, 
(pmutilaljve eomJwNition. t-;5 
n·!tetloll~, :) 
~.dt., ot, :.:08 
~al!.~ Witll m!'iat&, 22:3 
s(,11lble,3if, 
~ol1lhility ill (!lcohol, 1~. 2~4 
~ulphat('. 1:24 
trYJI'JIJ, [(ctjOli <Ill. 14-1 

. .\lhUlllini(· acid, ~:2fj, 31/ 
AlhumillOids, 4. :j,j!j 

.\1lIUIllOids,576 
\!l>t\1l1Os(~~, l:~, lirl, 178; gcllt:ral ac\,ount. 

1 i:1 ; nOl"lJI1l.lly o<'cnrrinr.; 111bmnl},'ie.<', 

i~~ ~ ~~('~~~,~~~:~r~llal1Hl)]lO~L'S. 174-

:tlkali-;llbumose~, :201-!W:.!. 
j'l1ll'l't-tcst, 143 
l'lJlnr.id,-..;, ]76 

formation .)!': 
hy aClLh, 19\\ 
llY :~l];:Ji~s. ~01 
lJ~' lJ('llt, ~02 
l,y l'i'ptic Ilwl tryptic Iligcstioll_ 

liS. HIP 
gelatine-allillmose .. , 561 
+hea.t, 3~O 
Pick's a}!lUlllo,;€~. 18D 
l)oisOIl01'" l')'op{'rtie,_, of. 206 
rem·tion, :2:2{ 

Alcaptonllfia., I U9. 113. 114 
Alcohol, 116. 1::3, 124, It)i. 192 

+ acetolJ€, ]9~, ]~:J 
!\JlJj1])otrrie clHlrltCit'r, 208 
11.('tion OIl n.ihUJnill~, 341, 375 
on azi(lc>l, 123 
Oil oxyprotein, 2Ml 

precipitating power, 12, li4 
fot' prt;lpll1'lllg lU{'Il)ogiollin, Ul 
-radi.cals in amino-acids, 126 
for :;eparating proto- aml hetero-alhll

Illose, 179, 183 
solvent of salt<; of albumin. 12, 224 

Aldehydt', 92. 12.3,124 
absence in albumins., ~Z..152 
-"lbumill~, 204 
-glyceric add, .f}t . 

Alipbatic acids, 104 

90.150,337 

convct,,)on ,ii-amino-
acidb', 12~ 

COllplblg lIlOJ}(\- with ,lj alld oxy-
amino-acids, 129 

cllpratc!'.,24 
di.\;soeiation of. 212 
dit;trihution, 67 
eo..:timaiioD.23 
formation: 

by pepsi}1e, 190 
hy trYllf'lll, 148. Sec also under 

Tr~'p,iJJ 
+ glnco~e, 64 
hydrolysis, 213 
intera.ction of NB., and COOH, 212 
linking, 146 • 

by COOR-radkal, ]29 
by N~.radicaJ, 129 

metaholi:;ID,61 
method of ~eparating, 23, 24-
NH., aud COOH, relative ~trength.'l, 

21r, 212, 213 
NH2-radical,12i 
NHz-radh:ul, inhibiting effect on 

COOH, 212, 213 
NHz-radieal, strengtbening oJ; 128 
open chain compounds; 27 
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propIOnic acitl, 29, 1 til> 
purill,42"1 
'i\leciuie llchl, 34 
su!t:lr~, }.')7, 168 
~ulpllo"l)1'\}j)iollic adJ., 
tetrahy{lr<))"y-cilprnic 34 
tllio-glycerit: /lcid, 57 
thio-ladie add, loV 
thin-propionic ad,I, 60 

a-AmiJ:lo-valerianll' ll{'ill, 1 fI, '21, '24, 30, 
32, 65, !H,'}02, 105, 111, 116, 165 

Il-Amino-v(I\erianic[lcid,3'1 
Ammollia, :28,55, m. 1)0. ei, 

89, 91-9·1, 98·}03, ]0[" 
124, 1:{5.146, 149,1:';3, 
238, 242, '2H, 4:")£1, ;)68 

action on azides, 123 
akoholic, 129 

Ammonia-nitrogen, 76 
Amnwnium·.salt~, 281, 2Bti 

of a.lbumose, 203 
Ammonrum sulphate, li9, 185, 187, Hll, 

193,290 
+ KI[l' 179 

AmpboJ.ll;lptone, 187-200 
Ampboteric principles,. 141'. 208, 210, 211, 

214, 217,224 
Amyloid, 75, 545, 574 
Anaerobic bacteria, actioI' of, 101 

a[JJpIH~kJ:i(' rmllcit,k. 2JII 
"nlph~d,', mll')l'!ai, :;;,0. ~f;() 

Arwniou,; iH_·jd, ~\i 
in lrypochlorite Dwtlwd, ~~ 

Artolin, 376 
.uuti ll('ptOlll·,377 

Arto'''',37fi 
Ash,"free alh11Iuin (Harllack:~J. :)4~ 
A"Clti~ flUid, 162 
A,~p&'TI1giD, 2~, 68, 7f;5, 9[), 100, }(}[J. 11:.;, 

115,142,1-1.3,246 
A'<},uragiu.imirle, 13(' 
Aspafag-yl-I/J{llloglycln, }:_l'j 
.Ai;IJartt~ [l.(;td, HI, 24, 31, :12, 34, 61, 6;" 

67, 8i, 91, 92, 9~. 'Ji, 10:', ; 1,h1~1' 
ology, 108, 113, 1~1. 1~1, 142., 
147,148,246 

Aspartic.acid. : 
azide, 123 
(;h}oridt', ])5 
"p,"ptids, 137 

Aspergillus niger, 99, 10(1, 433 
Asymmetric C-atDm, 133 
Atmiu-: 

alhumiu, 202 
albumr).~e, 202 

Aut<x1igestioll, 84, 85, 111, 112, 192,20{;; 
blood, ~b.;" 432-8; kynurelllc acid, 
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B 

Ua..~w nitro!tf'll, 
Ra..",idty of COlllPOIJUlb, 8~c ll"der Reaction 
Bayer'" peptoid, lil2 
Beans, ~171 
lketrool-jllice, lOti 
Bence JOllC~' albumin, 15, 18;;, 206, 369 
BenZaldehyde, 9;-
tlenzaflllde', mJ, 10{) 
lienz:J.zidt', 119 
l;\Jozelill-diatolliul/l chloride, 513 
Benzoic acid, 92, 104, 107, lOB, )10, 123, 

124,2+7 
llenzoylatil)ll. 119, 1 i~ 
B>'llZoyl. ; 

lIlllUlll,121 
aJatli1l-g1~'cyl-glycill, 121 
amillo-a<::itl c()ml)ouJld~, 118 
e.arboxylic acid, 107 
chlorhle, 115, 119, 131.241 
compounds, 13Q 
tliglycin-estet', 130 
glj'cyl-amino-acetic acid, 115, 118 
glycyl-glyciIl, 115, 130, 131 
guanidin, 40 , " 
pentaglycyl-a.mino..acetie- 'aCid, 115 
pentaglycylglyc:ifi; !20 
sulphochlonde1 241 

;>to 

Beuzyl, : 
LroUl-ma.lonic acid, 135 
malonieadd,lJ5 

Bl()O(I: 

98 

I1G,111 
5; \\itll hi~ti<lill, 42; i8, 
: cflect of Aspergillui"l uiger 

ttYl'~hl, 99; 115, 116; with 
pepti(h, llb; 1:!5, 13B, 140, 141 : 

~~~~ur~~: i~~~1~e~2:ut~~~:nI~~, ~~~,: 
1-80, It)!:I, 192, 195, '102; WIth 
llfOLi!ill, :!06: :!3i, 2;)8, 241, 243, 
244,24{i 

capronyl chloride, ]29, 1j]. ]33 
glydll chloriue, 130 
gJycyl-glyciu, 130, ]31, 132 
lweyl-g1rcr]-g}rcill, 134 
plwnyJ-alaniu, 135 

Bromo; 
form, 96 
hydrocinamk add, 135 
tryptophane, 54 

Brom-pbenyl-h)'drazin, 158 
prepion)'l chloride, 129, 133 
propionyl-gl~'cyl-glycin, 132 

Bronchial muciu, 637 
Brricke's a.cid, 237 
Butyl- : 

alcohol,85 
pyrroI,511 

Butyric acid, 91, 92, 93, 101 

c 
. Cadaverin, 38, 62, 103, 112, 113, lS9 
I C&1fein, 429 • 



896 
copper compound, 305 
derivatives, etIect of feeding, 109 
d€ll:aminat.oo, l}6 
digestibility, 151 

INDEX 

aIOl1)110;ll, £77 
lilumi'l, J[,9, 541 

&11~~~~r~~l~('ld, a~ _Ptt'tJl!iulDt, Hi, 51, 

Chowl)uit~iH!r~, 543 
0!:WI)dl'oSlll.543 
Cholalil' a<:i,L £2, 6a 
Cbolill: 

albuDli)1ic 1!cill, 22,,) 
albumin, 339 
alkali·alhlllUiuatt', 020 

Chorda tlor"alb aHJUw()id, 57/ 
C/imruic and, 86 
Cinnamk aci,l, i14, 102, 107 
CimHl.mOll, oil ~mellillg of, 92 
Cinnamoyl-glycyl-gJyClIl, 135 

pheuyl-alanin, 135 
(. 'itrateR, elr~ct on dotting, :!88 
('lot oj'l,loo,j, ;;82; of colloills, ~[:i6 
('lumpiug plll:'llomt'tlOrJ. 3~3 
Clupein, :JO, 65, i:W, 7{> 
C' : ~ -ratio ~ll iodo-COffiPOlllldli, ~;}2 
Coaglllatioll : 

of Mood, 282 
of colloids, ,lefinition, 272 ; by alter

ing electrical tel,~ion between conoid 
and wlvel.lt, 276; by heat, 316; 
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, cucumber seedl>, 7~, 371 
I Cunns, hase of, 1:2;), 14:, 

Cutiek 01 worms, iJ7(1 
CYWI"amide, 62 
Cyull_metlHemop:lol)iu, 50[, 
CyclopclIta<iien.4;1 

I Cycloptcrill, {if" 7;, 
Cyprillin, 6:i,7& 
Cystein, 34, 58. 51l, 8~3, 165 
l'YStill, 1 ii, 28, 2H, 56, 61, 67, 78, 7~, SO, 

83,91, Sib, 104, 112, 113 114,168, 

169 
calculu~. [,6, til, 63 
cl\Olate.~, 6;~ 
deCOlJll'Osltll>ll 1,," Bucillus (',)1\ ("om-

mUllis, ti3 -
dimethyl-ester, 138 
peptJ,\:;, 137 

Cy~tinuria, 60. £iI, 6:3, 114 
Cytosill,42G 

Gapltbh' of. :27Z \1 
produce.li by eledrolyl(,,, ix.:, 

;Of~O~\~~~t~r,7t:()~~~ 2:1!c~r~I;:~~'~ i 
259, '2v'2, S6-l.. 268, 271 I 

~cllenll dllu'ader~, "1.:,; 
true :11\(1 fabc, 27\1 

Con_alhullliu, 35t-
(.;'mehioliu, 73, (;;:2 
(~l)n(kllSi1tiou,nucl~.i. '279 
Cnngllltin . 7:2,237, 30;;, 374, 37:, 
C0ut!\utillatinn ofeolloi,h, :2;4 
C,mikrou~ seed~, 10;; 
Copper: acetate, 14; for ~ql!l.r,lting alhulIloses, 

179 
alhuulInatl's, 2:2"2. 304 
amillO valerb.natc. ;)1 

sulpbate, 14., 307, 30:--: 
('or1l.1s, 234 
('O)'HCUI, [)i3 
Crah-musde extmct, ~i9 
Cl'eatinin. 40, '247 
Crcnilahrlls, eolouri.ug matter. [,:10 

l'reso1, 47, 103 
Crystallin. 367 
CrYstalli.ne ; 

albumin,~ arc salts, 22-1 
, 360 

368 

peptones, 15(1 - , 
vegetable albumins. 371 

crystallisation no guarantee of purity of 
antino-a.cids,_24 

alhumo Q1;, 17'2, 17.f., 179, 180, 18~, 
lilti.19\) 

allnllllo~e gl()bulinate~, 175, 36~ 
artose, 377 

nextro.~e, 156,1:'",7,163 
Diabetes mellitus, 164, 166 
Diacetyl-glucoHll.lllin, 159, 160 
Diaci'piperazill, 55, 126, 127, 130, 131, 

132, 152; diacetic' acid amide, 

138 
Di-alanin anhydride, 55 
Di_alanyl.eystin. 137 
Dialysis Df hetero-albumose, 17!:! 
Diaminos,167 
Diamino-llCetic acid, 36, 83 
Diamino-acid~, 20, 66, 150 

conversion into mono-amino-acid~, 124 
formation from ruono-amino-acids, 105 
methorl of preparing, 26 

Diamino-: 
adipic, 44, 167 

~ aspartic, 143 
n-caproie, 32, 87 
dihydroxy-suberic, 44 • 
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DiaJ:tillO- : 
dithio-dita(!tylic, 5? 

:. glutaric, 4-1 
guauidill, 429 
hydrQxy-~ba.dc, 45 
nitrogen, 76, 78 
poJycarhoxyJic, 20 
propiouic, 36,64, 128, 156, HH, 16:5, 

166 
sebacic, 167 
!iulleric, 16i 
$ucciuic, 167 
trihy(}roxy-doJeclinoie, 44, 67 
valerial.lie. 38, 40, ti;j 

Di.-&l.ilinuria,11,* 
l)i!;1l:ltase, 160 
Diazo; 

dyes, 430 
reactioll for tyrOHin, 50 

Diato-bellZeue- : 
imido-amI, 429 
su)phnlliJi,: acid. 10, '13 {for histidin· 

test) 
sulphonk a.dd, 429 

DiazolliuDl-compoulld:;,. 210 
Diheuzoyl-oruithiu, 40 
Diora111- . 

l'aJerillllir:ud,J,134 
l,ltleryl-alauiu,ld4 
vnler~'I-hy'lrochtoride, 129 

DielectricoIl,25fl 
Ditru~ion, law gov~rning, 255 
Digestibility; 

of album ill". 183 
of aromatic amirlO-acid6, 1 t}6 
of ca.~einogen, 397 

DigeBtjon: 
hyerBpsiu, 112 
pepsIu, II:!, 16;'" 
trypsin, 112, 193 

Oiglycocoll-anh~dride, 55,126 
Diglycyl- : 

cylltin, 137 
glycin, 120, 130, 132, 134 
glycin-el3t~r, 12S 
phenyl-alani)), 137 

Dihexor;llmiu, HiD 
Dihyrl.ro- : 

pyrimidin, 42 
uradl I'!ulphocyanate, 53 

Di-isobutyl-di-aciplperaxin, 85 
DUatability of micella'~ 283 
Di!eucyl- : 

cystin.137 
glycyJ-glycin, 134 

Dimethylamin. 125 
Dimethyl-amino- : 

benzaldehyde, 11, 158, 159 
benzoic acid. 22 

Dimethylliremin. 519 
DimOllO-Jl.lllida.cetimide, 125 
Dipeptids: 

uetinition, 127; enumeration, 181, 
132-133 

Dipeptitls: 
of glycocoll, 2:2S 
llaJlhthMlI\-a\lIJlh(\-(hi'riy(\ti\'e,~ 1)f. 129 

DlpheDol.Jj.~ulpliide, ~~ 
Diplu.myl-Il1ethatle, Pi 
Diox;.·· ; 

dimethyl-purin, i:W 
methrl-pyriUlid.iu, 429 
phenyl-a\'<lt\c o.chl. 11 ~ 
pbellyl.jliCtj(~ acid, 114 
pudu, 4);:8 
pyrirnidin, 429 
triml'tbyl.purin,4'!9 

Di.silltegration of alhmuins Ly R.Cid~, 94. 
95 -; hy alk.alies, ~O; by hromine, 
96; during IHt!tabolisDi of animals, 
106, and lllallts, haekda., 100, IIml 
seC\h, 104 ; hy oxidihiug lUedia, 9:! ~ 
by su11,hnr, 97; h.v h\lperlitl!~ttl(l 

~tell.ll!, 92 
Di~s()cill.ti(ln, pToducts ot: alhulllius: 

primary, 17, HI; hL~toTkal 11('

COUllt, 18 ; action of hooteria, 101 ; 
ta.hletl, 70-75 

second.a:ry,90 
unclassified, 82 

Distillatioll with hariulll carh\Jufitt:' ;llld 
magubHi!l, 56 

)ith.iI)D1I.'M.i!l,63 
Dry di"tillatiotl, 92, 16tl 
Dumas' IHetbo<.l for N, 1;,:). 
Dye9 and alhumill ..... 3.J.:!; Jlyl'.~ 1l$ Pl"l'l,i<-j· 

taut,.;, 1-1. 15 
Dys-albumoto(l, 1i4, 191, 193 

Eart{lenwarc, poroll~, effect Oil a.lhtlt!!in, 353 
E>lesta.n, 317, a6:.>. 
fAlestin, 29, :32, 3D, 53, 68, 7), 77, 80, 

81, Hi, ]53,1911, 205,217.222, 
317,362,371,3'i'2 

Egg-al1>umir, {illcludiug e-gg-wlJitL,), 35, 41, 
54, 61, SQ, 82, 83, 84, 89, 92, 93 
94, \)6, 97, 98, 156,160,161. ]62, 
]64, 16?, 191, 199, 201, 308.315, 
868, S67 

acid capacity, 359 
converl>ioll into llCill albumin, 337 
copper ~alt. 305 
cry~tals, 69 
diasodation, 182, 18~ 
a glrcoprotei<l, 352 
+ hrelllatin, 474 
+ bistone, 410 
hydrolysis, 217 
+OSO~, 343 

perr.elltage compo!SltioJ), iO 
+ silver oxide, 842 

Egg-envelopell, lSi 
Ehrlich's: 

die.ro_reac1:ifll1,9 
glucosa.min-rea.ction,10 

zQ 
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Elo.~Udtv of micclh. :lSi) 
J~lastJlJ, '73, 164, 569 
Elvt-trn'affillity, 2,1 

EI,wtfO)rk, JctiJJ;~:(j;l(~\\~~.G 

F 

,1"2.111'\ Ion 
197.397 

Hi9 

"),.a6,1 «('(lTtjU~), ]1.\ ]16, 1'20 
Gri.hr~\r\)llliing. }01 
Gn.l:u:to~a\nill, 8-1, 1;,U, 16} 
Gastric:; 

dige.~tiDll, 112. ll,'e also Illitier-Pepsin, 
'fnd IClldn' fJuzrnw 

jUlcl' (P[twt(J\v''1 methodl, 190, 2D4 ; 
lllUCOIlS mCllllJrane, 189 

O~iue. F7 
101. Gel. 2;",0 

Ferments, u.~ admixture;;, 366: ,jeioHi!),in~, 
3: ()xtrl\CIl[Inl{l.f, 2; illtracdlulnr, 
2,111; ionising, 3 

Sec nisI> 111!tie'r the ht'adillrJs "f the 
diji'rf"n! ,ferments (wd under Ell· 

Perratill. :?:Il 
Pefrie al"d.[~t(), 13 ; chloride, 13 
}<\'fricyani<i"'lllcthod fOl"e:;;tima.ting oxygen· 

rapacity of blood (H:.ldalle), 483 
J.'errocyauic add, 15, J17, ]7.''i 
J.'ever,206 
}<'ibrin, 29, :t-l, 35, 41, 54, 58, 71. 92, 162, 

170,191,202; aurldenaturalisatioll, I 

344,381 
-autipeptolle, ]95 
·dellaturali~itionJ 383 
-ferment, 379 
-formation, 882 
-globulin, 380, 381, 382 
-mechanicsl COAgulation, 382 
-meth.od of obtaining, 383 

Fihrillo~n, 83, 170. 343, 363, 365,8i6. 
378, 3~1, 884 

i'ibrino"e,li8 
Fibroin of silk, 19, SO, 35, 65) 73, 86, 

J27, 134, 149, 150, 153, &71 

'" 

a!laly~i.\, 558 
de . .;amination, 96 
dissociation, {059 
dige~tihilit~" 151 
+lOoliIlC,82 
osltlatiDll-prrJilurts, 244, 245_ 248, 559 

Gebtill.i-~a.tioll, 564 
Gelato~e, 178 
Gerlllillatiug plaut!', 30, 31, 35: f\ef)d~, 

104-106 
Gibb's lllt'thou for estimatiug pluri-}JlllJ.S1C 

s}·stems.306 
Glacial (i,cetie acid: a dehrdrating- agent, 

339; for separating leuciu alia 
tyrosin, 23 

Gliadin, 35, 71, 376 
Globin, 32, 41, 6~1, 67, 70,152, 153, 408, 

468,507 
GlolJUlm, 17.5, 358. SGl, 380, 385, 392 

u.rtincial, 355, 360 
crystallill,367 
~gg-, 867 
lact·,3SS 
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Cll.~eill, ;174 ; Dflppel' campaulli), 
pf;'rct'nt;Jg~. J] 

filJrin, 71, 37;" :liti 
pCl'lOhe,lHi 

Gluto"kyrin, H,O, 200 
(Hutollll,5tH 
(:Hutoses=gel:ltoses, 5G3 
WycfJric: add, 64, 164-166 
Uhcerille: 

, ahlehyde, 165, 166, 167 
in llUdeic acid, 439 
pentose, 459 

GlyciII. 19, 28 
alaJlin-anJly~lfide, 55, ]33 
amide, action of tryplIill, 99, 140 
anhydride, 116, 117,131 
l,ase of Curtins, action of pepsin amI 

trypsin, gg 
ester, 120, 2Hi 
hydrazi,le, 121 

G!yc:o-alhurnius, 84 
Wyoocholate of $Oditllll, 62, 2Ui 
Ol~N}{mll, 19, 23,28,47,69,87, l:I3, 99, 

]03,107,108,109,112,116,118, 
119, 121, 124, 1:l1, 164, :212 

cOll\'ersion into lITea-like l'OllipO\lu<l~, 
124; phY!liology,10S-I09 

a..'\ a type of amulo-acid, 214 
(;JycocoH- : 

sumin, 55, 127 
amj,ie. ]42 

H"'!!Jatill, 468, 469, 5lY 
N.rtificial,iili 
{'rallh~~JlHl.t.ilJ, 50;, 
derivatives, [OOk 
i()dlse'l. 1::33 
'neutral,' 522 

HrematirJic acid.~, 4~j7, 50, 527 
Hrelllatogen, 251, 40{; 
Ha:l'llatoiilin, 52,'! 
Ha~mat,orotplJy:rill, £O~, 524 
Hfelllm. :.14 

ncet-h:emill. ;,17 
alliliIlO-l)~miIl, ;'18 
llehyutochlfJti(te, 517 
dilUethyl es.ter, filS 

HllmlOchrowogen, 473, [J09, 0522 
f.'O-hremocbTOJl!ogC1J, 502 

Hremcl('~;anin, 141, 466. M19 
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lremoglobtll. 41, 69, 8tj. 1~3, 349, 408, 
466-&27 

o.ctloh of acid!;, 200, 49,), 496 
acetyleu-Hb, r,()(i 
add Hh, 49{I 
analysis of Hi" 408, i60 
azo-llllllle-Jllt·t-!:l11, f,OG 
earbouic ad,} HII, ;;en 
('02 cupadty, 4bH 
cal'j,OIJic o:~i,lt' H)" 497 
crystals,4i4 
cyan-llll.'t-H1, 505 
dissociatioJl of JIll . ..jS6-4SS 
llistrihutiotl of Hh, ,loti 
el>timatiOll of lIb, 41;j 
gaseou>; ~orrrpou[l'l~, 4.~ 
Kat-Hb, ·Hli 
met-Hl;,4)Jl. Pfl'lIlsl)tliere 
molecular Wt'ight, ,168 
lI\trito oxille Rb, 502 
(lxyg.'n-caF,dty, 485-491 
Jlhoto-met"Hl., :105 
re,iueed, 481 
8nlph-Hk 50.,1 
f(uria,;e o.ctiOll, :H~{ 
r:l.ridje.~ orBlJ, 4,0 

H~~molyUlph of buttertiies, 106 
Ha'JUopyrrol, 510, 513 

dillZodit(}luellf:', !J14 
Ha'lIIotricarhox,'jic aeill, 513 
Hail', 5~, 60, 61, 73, 78, 83, 170 
Ha.ir or protein cystill, 56, 60 
Halogen- ; 

acid (;hlorj,l£!s, 129 
albumins, 230 
colonr read,ions, 10'2 
suh~titutcd "Hmmi!!!:>, 82 

HlI.ptogt!u-mclllbrane, 397 
Haptovhol'i~-grDl)ps., 2S!~ 
Harnack's albtlllliJl, 3·H. 345 
Hi'lnrl-muscle, 391, 394 
Heat-coagulation, 816; ,try bellt, action 

Oll albumin, 340 ; lnoist Jleat, effect 
of,202 

Hea.vy metal"" l3, 303, 306, 342 
Helico-proteid,160 
Helix pom80tia, .550, .538 
Hemi-: 

albumin, 151 • 
albumose, 149 
group of alhumi1U<, 49, 54, 148, 181; 

when oxirlised, 248 
nucleic acid, 426 
peptone, 148, 187 

Hemp-seed, 371 
Hermaphrodite-ions, 210 
Hetero- ; 

albumose, 49,54, 74. 14.7, 149, 172, 
1i4,177, 17g._ 180, 181, 182, 188, 
187, 1920 193, 211. 560 

chloride, IS .. ; oomPQfJitiotl, 181; di
gestibility,lfil" 

arto.'l8, 377 
protalbumose, 1~~. _ 

Hexaglycyl-glycin - ethyl-e..<;ter, action ( 
pepJ<l11 lUld tryphlll, 99 

Hexaglycyl-glycin-ester, 120 
Hexanitro-ulbumiu-sulphonic acid, '236 
He.'(0llt:-ba~e8, 20, 26, 3], 66, oi, 164 

i.n hetero-alhuUl(}se, 183 
in phosphorus poisoning. 66, See als!> 

tlltder PhG~ph(l1:'uS 
+ superheated stt:J.\lI, 92 

He:xosumhl. 543 
Hexose-formatioll, ] 65 

in lItlCleit; aci.d, 439 
Hippellyl-urt'thallt" 123 
Hippur-azide, 120. I'll, 123 
Hippurie acid, 10i, 108., 115, lIS, 119, 

123,130; cOllverlOion into g-lycocoll
benzol\; acid, 9(1, 100, lOi ; formll 
tion of, dmiIlg ll18tal)()lhm, 11 0 

Hippuryl, 122 
alallUHuide, 1:23 
IlWlIw-aDetie add, 115, 116, 120 
a.lnilJO,butyric add u.zid{:l, 124 
a.spru-agyl-a..,>parhc add, 121 
a~p!lrtk aci,l, 121. 122 
,:hlori,\l', ISO, la~ 
lh-!1bparagyJ-u~l'arti(; llciu, 121 
glrciu, 120 
pl\('uyl-l\lau'ln, 12'2 

Histitiill, lD, test fol'; 20, 26, 41, 55, 76, 
79. + phosphotungstic acid; 91, 93, 
105, Hi. 1[,2, 153 

Histolloomatin, 473 
Histone a.s prtJ'!li itallt, 14; 39, llB, 74 ; 

-r primary alhul)Jose, 175. 206; -Te
action, 2~3; 408, 448 

H.vtlmulic press, 78 
H\'drazides, ll~, 121 
H)'drazin, 121 

sllJpbll.t.e M a blood rt'.a.geut, 468 
H \'driodic acid, 68 
Hydrobrolllic acid, 127 
Hydrocllloric a.ehl, as precipit.!Ult, 16. 68, 

77, 87, 88, 89; alcohohc Hel, 
action on glycocoll anbydri\lt'~ 

126 
Hydrocinna.n.lic acid, 135 
Hydrocyank a.cid, 29, 38, 42, 86, ]29. 

247 
Hydrogen- : 

atom, replaceable in albumins, 98 
peroxide, 93 
salt, albumin is, 318 
sulphide, 61 

Hydrolysis of nlbumills, 217, 220 
by ca.ustic potasb. 92; by beat. 31 S. 

Rydrolyte, definition, 2;')6 
Hydrolytic ferIUrllt, absent, l'ijQ 
Hplro-para-cmnaric /Wid, 102 
Hydroquiuone. 106 
Hy(iroxy.proliu, 46 
HyJ.roxy-pyrrolidin-ca.rooxylk acid, 46 
trydl"Oxyl-oompounds, 152, 209 
Hypochlorite-reactioD, 8~ 
Hyponutbill, 428) 482 
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232 
Iodo- : 

albUl!lin~. 170, 230 
amill(,·but:p:il' u(;id, 2~H 
cMeinogen, 82, 3~j8 
egg.albumin. 3~9 
gelatine, 82 
glOhttllll, 366 
kerutiu, 569 
propionic acid, 8:l 
spongin, 234, 235, 569 
tnyrin, 234 

lons, Jfiohility. factor in cau~ingcoagulation. 
283; potCUl'Y of, 2;;8 

Irreversible salts vf albumin, 293 
iron: 

in albumin, 251 
masked by pamlludeic, 40[;, and l'las

minie acids, 447 
in h!Bmatin, 516; iu hl£moglol)in, 

472; ill I)l\mill, 83; in nucleO-j1fo. 
ieids. 42B 

Iron: 
acetate, HiS 
a.mmonia a1m.l, 187, 194 

I&~thionic acid, 5~ 
ho- : 

butyl-amino-acetic acid, 31 
caproic acids, 156 
casein,408 

IfH'-: 

KiC!ul'Y: 
dej.(alu~nath\f! pCWCf, 112 
glo\mhu,366 

Kjl'ldltlJJ's metlwd, 38. 71), 8Q, 82. 152, 
184 

R{ldl'~ SCTU1!l·tltl)N;, ~nl) 
Krl;l;,tin, physiology, 11 () 
Krel\tinill, phy~iology. 110 
K:yUnTf'llic adJ, 53, S.! 
K:'Iumiu,84 
Kyrin, 68, 150. 154. 195, 200, MJl 
Kyro-rrotde 3d'l, 242 

L 
I,act-albumin, 162, 3;)2, 353, 404 
Lactic acid, 29 ,footllote), 37, 64, 83, lfi6, 

167,245 
Lado-gJolmlin, 36,1). 403 
LiI:\lulink acid, Hil, 438 
Lead : 

acetate, 14; + ammonia, 1 GO ; l)asic, 
125 

oxalate, 240 
sltlphide reaction, 8, 180, 192. 202, 

240, 241, 243, 3015 
Lecith.lllhnmill, 405, 406 
Leech-extract, 379 
Legumin, 12, 162, 805, S74, 375 
Lens- : 

alhumoid, sit 
globulin, 366 

LeIJCeia8+rm~4, 124 
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LIver: 
Il.r~i\lnse l'onteut, 111, 112 
g-lo\l\\lin. 366 
(icute ydlow (~trophy. 1I4 

Lupines. 3'<1, 18, ~\71 
L)copodhull. for lll~ki\Jg" plasteins, 191 
1,ympll-ghl\(h (metlll,olism), 112 
LysitHlinlt ;,eid, 317 
Ly:<atiJlin, 20, 39, 4(1, 85 
Ly"ill. :!O, 22, 26, 37, 38, 39, 62, 65, 67, 

tl8. 76, 79, 85, 8" 8\1, 91, 93, 103, 
)O!'!, 111, Hi, ].')3, 217 

M 
Magnesia, ,tistiIlatioll ~Yith, 76, 78 
Mapleshlm: 

salts, 112, 225, 281, 283, 285, 307 
"ulphate, :280 

Maiz{J-alhunlin, 67 
"Malonamide, 141, 142, 14-1 
Malonic aeid, 107 
M]~Ddl'lie n.ri,l, 107, 108 
Meclllmicn.J conglutillatioll (cMgulatlonl. 

2i4,378 
ZlIdll.nin, 54, 78,80, 89, 90~ 580-584 

dtrogen, 80 - . 
MelanQidin, 53, 87, 159 
Mela.noidiuic acid, 90 
Melanotic pigml'nt:~, 90 

U]I\ill(,-hE']IZOll' a<'ill, 12 
a~para[1in, 14:: 
di-az\-piperflzin, 
ethyl Illalek aei,l, 
g\y~xi11, 11:)7 
gnanillin-acetic a.ci,l. JIj 
iJJ1i,lo-;uo]. 166, It;" 4;;0 
!lIcrcaptam:, tn, 92, JDJ, J£8, Hill 
propr1prrrol.511 
xlwthin,43:! 

l'tIetllylell€- : 
alanin, 217 
aibulllin, 204, 
eOIHpmnui!>, 21i 

Micella, 282 
MieeHar diIatDJ)"iJity and ela~tirity, 283 
)lidgtlt of mealworl1ls, tyrosinase, lOG 

of octoptl~, ,lige~tilJle protei,l, 75 
Milk, :204 

action of f(~r!Jl~llts, 19:2 
(':a~ein copper compound, 305 

)JillOll'~ reaction, 7, f,O, 1:!5, IS0.1t17, 192, 
202, 23::, 237, 238, 23~, 241, 243, 

: 249 

i ~{~r~!~~~,o~tns a factor in co:<gUlatiOll, 283 

Mol(jcttlar adhe~ion, 283 
Moli<;ch's reaction, 163,189,192, :W2, 404 
Molkeneiweil's, 403 
Mallo-amino: 

acids, 20, 21, 21, 28-36: conversion 
into di-fLminQ acid.',> 105, 124 

nitrogen, 76, 80, 205 
MOl'Uer's reaction for tvrol'iu. 50 
lIouIds, action all nUdeic acid, 4.33 
~UCediIl, 71, 3i5 
)ludns, 69, 1M, 157, 159, 160, 161,164; 

reaction thereDf, 223; are alkaJi
salts, 224, 633 

lftrein- : 
«lbumi.nates, 161 
albulUOses, 161 



Nitrites, 
~tiOll 

Nitro-: 
albumoses, 23i 
cast-in, '236 
derivatives, test for, 8 
bippura.zid, 120 
hippuryl_aruillo_acetie acid, 120 

INDEX 
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Xuclen-proteids-varietie,g of: 
APPTlUlitoZOa, 454 
lIupra-renal, 4..62 
thrfJn~s, 455 

XucleUl! of Illhllmin_molecul .. " Hil, 245 
of th CI·n, 2, 66, 110, 454 

"Suklentin," 4Z6 
NutrQ1.c, 399 

o 
O_CH~ .!lIld O.C~H~ rMie.'lls, 152 
Oct-a.~partic add, 115 l 141 
OctopIlH-m\l~de, 392 
(Ewmtlwl, 97 
Oil of hitter almonds, 92 

of elnll:uuo\l, f1~, 24.7 
of ll!lJstard-l-alhuminic M'ld, 225 

Opalisin, 40a, 405 
Ornitbin, ::18,40. (\5, 102, J03, 111, 112, 

247 
Ornithnric acid, 40-41 
OrtllO-: 

1I110~p1]()ric Heid, 396 
tohlhUI1-alkr.li-alhnminatc, 3:20 

OsazOlH' of llfixose,\ 1 [,6, ) 62 
Osmium tetroxide, actiou nn albllmill, 343 ; 

()~\llinm allmminatt, 25i 
Ossein, [,66 
O!ls.~o-ullnnnoid, 577 

Oxy-acids, physiology, 109 
amino-acids., 6i. L;6, L;8, 166 
amino.caproic aCid, 16f, 
amino.propionk add, 165 
amino.pyrimILlill, 426 
amill(l·Sil{'cinir. acid. 161 
hutrrlc acid, 108 
cnproic acid, 166 
di.nmino.dicarboxyli{' add, 166 
glutaric achl, 95 
hrel!logiobin, 371, 468. '\80, 495 
ma.mleJil'li£'iu., ]03 
pllenyJ.(\cetlc acid, 4i, 103 
phenyl·amino-pro]Jionic at}(l, 29, 102 
pl181lyj·cthllill"Jill, 51. ]06, 11!! 
phenyl-propionic acid, 4:-, lU2 
phenyl·radical, 248 
propionic lI.("i<1, 2!J 
protdc ucia. 114,237 
protein, 249. 34S 
prot·.~ulrh()nic ada, Hl. N3, liD, 238. 

345 

0vatbu~I~~~t' 342, 357. See also Egg-alba- i p 

Ovi-nnwoid,547 
Ovo-g]ohnlin, 367 

IIltt0()id, H12, 3.18 
(lxllobn=oxahu-lUl)ide. 244, :J.46 
Oxalate-plasma. 378 -
Oxalic acid, 88, rH, 96, 155, 240, 243, 

244,245 
Oxalur-amide. 244 
Oxaluria, 93, 244 
Oxamide, 99, 100, 139, 141, 142, 144, 

243,244 
OXRmin,93 
Oxaminic ncid, 87, 93. 244 
Oxid:~tioll of albumiu hy mwtel'i1l., 101; 

cl!.u~tic potash, 92; <:-Monte:.;, 610 ; 
llitri(' add, 151; potassium per
manh'1llHl.te, !'sO; sulphur, 97; ty
rosin, 99 ; tyrosillRs!<, 106 

light throvm Ol) fltructUl'e of albumin 
hyoxidation, 240-248 

Oxidation of nlcohol during metabolism, 
lOB 

in llfJutral solutions, 249 
Oxidation -products of alhumin, 91, 2S1, ... 

progressive changes in the albumin 
molecule a.coording to Ehrmann. 
248 .,' 

uuion of salfAll qf .t'h6 heavy metals 
with albumins an oridation-pheno. 
meMu.316 

Oxide cMeeux. 18 "_ 

Paired sulphonic adds, 104 
PnJJadjnm, \'olloillal, [,4 
Pancrea.'!, digestihle proteid" ot, 1'5 

p;lohllliu, 3£6 
P.ancreatie dil<e,~tion lil)erntiIJg amhlO arjd;;, 

35; de~aminati'm of amitlO-acids, 
112. &e also 'l'rypsin 

Papa},otin, lin, 198. 202-
Par.a.rtose,3i7 
Pa.ra : 

cllseill,401 
dimethyl.amino- benzahlehyde 

tion,11 
histone, 448 
mucin, 161, 5-10 
myosinogen, 342, 343, 385, 386, 388. 

393 
myo~inogen ami ~uTface.actioll. 343 
nucleic acid, 395, 396, 405 

I nucIeill, 394 
{ Pa.ra,ullt. 371 

I 
PatllOlogical tr.llMudntions, 380 
Pauly and Ehrlich's diazo· reaction, 9 
Paw-law's gastricjnice, 190 
Pea-albumins, 162, 371 
Pegnin, t92 
Penicillium glaucum, dis.<;oclation ofthymo

nucleic acid, 4-33 
8enta.: 

acetyl'glucosamin, 159, 160 
glycyl, 116 . 
methylenfl diamine, 38, 62, 103 
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Pentoses, Uj;", loR, 394, 438. 460 Phenyl· ; 

• P~in~ 85, &6, 98, ~i9, W!l, 1:25, 1 i:l, 1 is, llydroxl"ami!lo'prnpiollk lid.!, -49 
179, 183, 191 iSOC)dlln.te, i;-" l{,$, n,!1 

theory ofnH'U}('t1 of actiQn, 20.1 prnpionk lI..ei,1, 4i, lO:!. 104, 10;, 1\}~ 
+bydrochlol'ic (Lci,l, Rl'tlOllnn amiJ)o- ;;uh..-tjtuwtl fotty ac)us, lO~ 

acids, 189, OIl uudeo-albtlluiu,:,J9;i Phlnbap-lu;l!l('&, tlO 
+trypsill, 19d Plllofngiucill-\'lI.lIilliu te~t, :::;1 

Ptp\l.:m~ : Ph(\~phatt!~, rr .. cipitatillf,: "fL\U~, :tt\8 

f.~~:~I;~~Pi~~~j 8~~:' /9t2. rilll i ]l]l(}:;t~;i~ aci,l, 40.j 

Pcptiw" oldinition, 130; I'lI\uneratiou, I glolmliu5, 3\1·1 
132, IH, 174; natura! 011e~, 189 gl~'co-pl"()tt'id, 394. fi(;O 

Peptoirls. 1 H, 17-! ' l)J()lyb!llc :.wi,l, ) f), ]2;, 
Ptllt(1-lHelauiIJ, 180 tl1f!r.,,-;;tk fLc!(l. 14, 15, 2.J. ifl; ill rt:!" 

PlTtOllCS formeJ hy aeid~, 199; 1))" heA.t, h\tioll to l)Hlnll-, 79, awl (ij·a.n\illO 
~O:?;; hy }I(l}lti(.: JIKt'~tlOll, 1if<.; llY llci.1s, 78, 125, 1;1:" H.~l, HiO, 16\1 
tryp1ic {hge;;lioll, 1; 8, HI!1 I Pbo.~phoric ucW, 4~f;, .t;;,:l 

!>eptones: UlOid lIatUrt', 147; ncti()Il of r aciti'llnl1yad(k,121 
nlk!l.lie~, 91: hinr('t·nlA.ctiotl, 143: acid ester of alhmuill, 2;;1 
-c'l:iloritles, 2:!.4; crystalhut-, 1;,0 : Phosphoru~ : 1\nkill~ iu l)nrl",j(' ncid.~, 430; 
de!illitiml, old, 173, new. 174, J i6; jWlltmchlorille, 121->; 1,oif>Ollillg, li6, 
Iltht'I'-~ol\lble·, 181:\; gpjatine-, 561; I ]10, 111, Hj~. 206 

aceolmt, 17:::: ·liB; ghll'O- ~ Photo-Ul('til:l'lllOP:\OiJlll, 50:; 

;l~~;rl!l;:~:~!'; ~~\ l)~~~~~:;~,~ ; Ph) C~)J~;ll' fi!~D 
p!']'tolles aTe aillUlOlliUl\l ~1.!1_" ISS: nythril" 5;1(1 
PiCk'8 pi;\ptOI\t'~. H;:';. 180, 1:<,2; ill i I'h.dloj:)oq,I')llll, [d8 
trw .~rcrt:tlOn "I" TriJ[llJUllJ, 201, J'hysj~al prn],ertif"s nf i\11'l!Hlill~. 

Pept01.3·me, :lOU, 3;-9 to ('OlllllwJ1D, :2fi"2; 
Per!l\atlganate~. SF!' lltH/er Barium. Cal· antlil)r, :::54 

cium. Potas~ium I'hy~ko-ehi;\lllkal c')n~idi;\l."atio'l~: 
• acidity;: hnsicity of a.!UinO-llcioh, :;1:3 : 

albnullu,dye {"{)mpoull,l.~, :!2f,. 24) 
aei.;~ (\'. Furth j, :.'.38, 240. 

prot-slllphr>llic 
Pfaundler's peptolle, 
Pha.s~·law, 306 
Phl'DaeetlJric n("hl. ]04, ]08 
Phell(ll, 47, 103, 104; poisoniJlg hy, 90 
f'henr l, : 

n.e~t,al(lt'hyae, 4R, 92 
lWetie .add, 47, ]02, 104, 1(17 
,,1lWifl, 21, 29, 32. 47, 49, iii, '(Ii. 82, 

91, 92,94, 103,105,107. lOS, 102, 
112,114, ]2.2,135 

alanill-peptid.o, 1315 
alallri, 1~9 
a!al1yl-glycyl-glycill, 135 
a.lanyl·pbelJyl·alanin, 135, 136 
amino-acetic acid, 50, } 07, 108 
amino·cinnamic acid, ] 08 
amino-propionic acid, 1'<1, 47. 102. 104, 

122 
bM[IJ'propiGllic acid, 1!J5 
br()ID'propiollyl chloride, 129 
b:r()m·propiclllyl.phenyl alauill, 136 
butyric, ]08 
carbamin·diglyeyl-glyclu, 123 
ca.rbamino-l .. ucyl.glycyl-glycin, 133 
cyanate glYl·yl-glycin, 127, 128 
ethylamin, 4-7, 4-8, lOS, ]89 
hydantoin. 88, 38, 40 
hydrazin,98 

mu])L.ot(}rir }lTllldp!e, ~as : l)ydr{llysi~ 
I)f ~altH 01 ll.llliuo-acith, 21-1, or 
ullmJJlil!$.. ~17, ~2\l: p)«·\)!lu-/l.("id 
lj~ctldo-})/b'k lJ:ltllr,: {>f anl1l)/!irl~ ant} 
of amillo-acid;;. 219; thp r(}D.etioll 
of (l.lbUl[lin~, 22:.>-

Physio1()gical rOll-~i,lerAtj{!llll: 
aianin, 101', 109, ]nfJ 
a.lbnmofle" anti I"'rtouC's, '204 
aruino·9,e\,h,10i-110 
,~l!ti- ami llemi.W'OIil\'·, )[,1, )£2 
a.~partie aciJ, 108 
RutOiligestiol), 432-4:~8 
carhamino-anlUmin~, 216 
c!/.r(/(J}lplrak-radica.l, 109, }f,B, 160, 

16. 
'::V~till. 61-63 
Illabl"H'S, lOR 
di~.'lOCiatlOn of ra.c.."'elIJisei} II-wino·n.d!l,,," 

during metllhoIislIl, 109 
fN',lillg with J!,mino-acidb. 108 
ftirmellt~. Rathert 
functiow;; of tue cell.lme!eus, 2, 66, 

llO,454 
glycocoll, 108, 112 
iodo·cotflPOUlld.q, 233, 235 
llorIn3-1 oxidative pN<:~~ses, 94 
nuclear activity Qf the cell, 2, 6G, 

110,4f,4 
Dutritive va.lue of compounds, 154-
oxaluria, 93, 244 
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180,18'2 

e1]Slliu, :JI-1, :HI.! 
ghw,3iD 
lIn:[)."iu, ~n:!. :~i-! 
t):mshl,41) 

Pl.'llilllU, 3i"t:, :l8~ 
I'lsRUliu,-1-!7 
J>J!illmiuic add, 428, 447 
f'lt\RlIJOn, :HHt 
l'last('ll), 163, 191, 1fI:! 
Platinum: 

chloride, l.')f 
eolloi,\td, 
S(1lt~, U, };') 

1'lurihl1.~k nature ot' allmlllills, ~lS 
1'1llTipha;1je systems, :lOti 
l'olyaspartic acia, 115, H3 
Pol:nwl't'ltl'-\, 131; cnumel'ation, 132; 

!l.etiou ,,1' trYllsill, 1>19; effect 011 
blood.pressurt:', 207 ; n')r1nal, 19,1; 
"te-reo-chemi<;trv, 133 

Polysll(:charillB, ]60, i61 
Pvta-S)}-: 

1I1uzJJ, nction Oll caseinogen, 400 
.~alts, prepipitlltiug pi/weT, 231, 286 

}'otas;;iUlll ; 
hichromate, 86 
hi,mlphate. ] 25' 
chloride, 280 
fetticyanid~. 98 
fei-rocyanide, 125 
}Jyor[l.te, 92, 1130, 170 
io,lihl'-iodir\e for precipitating pep

tOlles, IrS 
pernmnganate, 170, 237; in alkaline

SQh,tious, 93,150; +chromic acid, 
92; + sulphuric acid, 92 

Potency of ions. 258 
Precipitation, by acids, J..4, Hi, 69; due 

to removal, of fIIIlts,. 298; du(\ 
to withdrawal· of bydrogelJ 
llydroxyl·radicals, 272, 294 

()f colloids, defini~n," 272 

ill 
tiOll, 

Protein-: 
eptein,3i 
('y~tin, 56, 60, 61, 64 
l;ul)stn1l7.en,4-

Proteillo-ehrome. fi~ 
PTot~oJytk fe-rUlents, 111, 384 
PrvtrvSf\~, J 78 
Proteu.~ Ylllgari~, 101 
Prothrombin, 382 
Protocatt'dmic acid, 88 
Protone, 2()7 
Pru>;sic add, 29, 38, 42, 86, 129, 247 
PsellUO - add - p","udo - basic state of 

albUlllillS (lnl1 amino-acid~. 148, 
26{, 211, 218, Zl9, 34'2, 844 

Pseudo- : 
globulin, 356, 365 
mucin, 161, 460, fiBS 
nuclein, 3i4, 39!, 408 
pepshl,l139 

Ptomaine'!'l, 1137 
PuIs",371 
Purifying albuminous llnbsta.nces, 184, 

185, 186, 350 
in e::tcess, 351 

Purill-ba~les,. 426 428, 439-
Pus, 205 



R 
Rllceroit-amilJD-a.cj(l;;.. 
Rau'icllhnulIl.1Jlwillus, 
H,':wtioll, avid (Jr kt"tv. 

albuminc" 223, 3;jJ 
al\litJO·:l{~jd", 213 
p:lo1mlilH,36:2 
hi~tonc, 40~ 

JJlucin.~, 223 
lmc1eo-albumill~, 223 
pho~I/hoglotn.J)ill$, 3£)4 

]{eacti(lll~ ofallHlIlIiul}i!s l'OUlIJ()uu(h: 

('.oIQu! te"ts, 5 
prec:ipitation tests, 12 

Reu-~~1e~~~l~f:paramYOSinogeli. 393 
globulin, 366 

Reduction of nitro-group, 9;) 
lkfrnctabiJity of mr(l~iI1, .'lSB 
Renal ferment, 197 
Rennet, 191,402 
R<,~etv(i-material of seeds, 68, 105, ~25 
Re~or('in-coUlpound of albumin, 2;,1 
R~ticllliD, 578 
Retina, pararnyosinogen. 393 
Re~-ersible compounds. 256 
Rigor mortis, 884, 390 
Ring-formation of amtno-a.cilh, 28, 211 
Rotatory powers of: 

edestill, Si3 
egg_albllmin, 359 
globulins, 363 
bremoglobin, 473 

IXDEX 603 

t;ll, 
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at{)l, 51, 85, 9], fl2, 95, 104 
:physiology, 110 

mto],: 

l)rJJte, 
Sol,2[,{; 

281, 28[!, 

SolUl}ility of a1l1llluhl in alcohol, 224 
Solution, d\.'iJuition, 254 
SornlttO$B, 2()3 
Spedticity of allJlImin:';, ,li9 
Splc(lD, des!l.IIlinatillg power, 112 
Sjl]CBJ1-pn.riUllyosillog£,1l. 393 
Spelt-gluku.CllIWiil, c"pper compound. 30[; 
8poll~es, 157, 234 
'tlpOllf!ill, 7a, M19, [,72 
Spollwleolls cJlilll!'l', 267 
Splltum, cOlltRilJ~ ulhnmoses. ~06 
Staining of alcohol·tixed ti~sut!s. 341 
Stannous chloride, 95 
BWilll1, 811pel'lleated, 92 
S~ert(}d:lemii\try : 

of amino-adds, 64 
of polypeptids. 133 

SterM-isQDlBfS of amino-aciil,'. 23 
Stolle- : 

cystein,37 
cystin.56, 61, 64 

Streptrn:occus kmgus, 101 
Stroutinl11 : 

albuminate, 317 
chlorii]c, 283 • 

Sturin, 85, 75.195 
Snheric ac'id,45 
Subfractions, 185 
Subllmate+sodium chloride, 308-315 
Subratu:illary mucin, 535 
"Suhstances albuminoides, " 4 
f:\uceinic acid, 40, 93, 102, 215, 246 
SUCCiDyl- : 

azide, 120 
glycOCQU, 120 

Sugal', in humin, 88 , 
compoundll of albumW, 251 

Sulphallilic acid, 9, 21S 
Sulphates. precil)ita.tiug value, 288 

in urine,. 6.3' 

I Snll'h.}lf(>[(lo~lohil.l, 504 
: Sulpllonic acil[s, lG4 
: Sulphonic.rurlical, 212 
I Snlphlll': 
, action (Hi 1I.11Jllmill!;, P7 

in albunlin~, 168-172 
in anti· and hemi.g'roups. 249 
ill denatll:rilised aJl,umlll~ 345 
in hrumof(lonill, 469 
in ht\min~, fm 
in iooo-albumins, 234 
ill oxidisel1 allmmins, 239, 24$1 

Sulphur, Qxidation of, 237 
pen:entage·table, 171 
l)hYSlOlo.!,'y of, 61, 6'2 
tc~t~ for, 8 

Sulphuretterl hytlr{)gen, 61,62,91,9:2,97. 
93,101,168.169.202 

Sllperlwatetl steam. 'J'2 
Sapran'lIn], auto.digestion, 112 
Suprarenin, 106 
Smface- . 

Jl.('bOll,343 
attractioll,283 
t!:ll~io::m.lJh('11omt'lm, 26i, 273, 276. 

! 299,383 -
I SvntbesiH of a11mmill:-;' J) 5 

S;'lltoniu, 71. 17.1. 3:~~. ;1~7 

T 
Tannic ad,!, Hi, 12;'). 

in 1,hyto'Yitdlins, 
Tart:)ri(' :tciJ, tH,:L4:'i 
Tartrates, precipiratmg' power, 288 
Taia-alhulllin, ~40. ;160 
Tam'in, 59, 61, 6:1, {Ia. 114 
TltlltOCholllte of sollhlDl, 62, 63 
Taurocholic acil!, {l~ pI\"cipitant, 16, 61 
Temperature of coagllJation, 320 
'l'endon.nmcoid, 160, 541 
Testis, o6<:.aminating powel', 112 
Tett'll· : 

glyc)'l, 116 
glycyl·glycin, 130, 134 
metllylene·dltlmin, 103 
oxy-atnino.caproic acid, 67, 5'4.3 
peptids, 130, 134 
phenyl.et11)·lene. 97 

'1'heohromin, 429, 430 
Theocin, 429 
TheoJ,h:yllin, 429, 4:~O 
Thio· : 

albumose, 172, ISO, 181 
amino· acids, 28 
amino-glyceric acid, 61 
amino-propionic a.cltl, 60 
cunUJ:Q·succioic acid, 60 
benzoic acid, 98 
cyanates, precipitating value, 288 
lactkacid, 57, 60, 61,83,84,168,169 
phenol, 98 
serin, 34 
sulphate$, 62, 63 
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Th~-urea + alhllmink acid, 2:!;;: 
albli-alhumiua.tes, 820 

'l'Wi(\llyl-chlorid~. 1:28 
Thrombill,332 
'l'hymin, 416, 4:,3 
Thylllinit; acid, ;394, 
'1'hYlllo-nuclrie acid, 
'l'bymng, : 

Jlistolll~, 39, 410 
mrOSi ll,393 
nucldc acid, 4[oi 

Th~Teo·glohllhu, 281. 2:11. 866 
Tissue·: 

enzymes, 112 
lmta]Jlyo~iIlOj:!;,"l), 

'l'itration Ior u.dtlitv (II' 

'foluylie a.cid, 1(14. • 
Total addity, 220 
T()xw.o, preeipit,atet) hy 
Tml!sfonnatkm . pr(l(lllct., 

clas"itkatbu,3.tf/ 
'I'ralhlldfltirlllS. patllOll):,!lP.lIJ, :JtlO 
Trichlorn.c<:ti(: acill, 15, 11f( 
'l'rigly('yl.116 

gly'~iu\ lS{ 

220 

gly~in.c:tl'boxylic acid, 141. 
glycil).dicn.:rlloxyli.; add, 12H 
glycyJ-glyl'iu-e,~tf'r, 117 

'/',illitro.albulllill, :t~ti 
'fripeptids. 130, 134 
'1'rop«!olin-iu(licator, ::!:tJ 
'i'I'Y}1siu, 98, 99, 101, 104, lOti, 111, 113, 

132,145 (footnote), 148, log, 193, 
204 

action on albumin", 144; on aci/\ 
IL~Jill.e~, 145; all arginill, 146; Oil : 
dlpt>ptilb, 145 

lwptol)es, HI15, 19:.; 
+peplli1J.196 
protedive value of proteids, 196-

Trypsinogen, 196 
rrryptic: 

digestion, 19, 46, 55, 56, 68, 144, 
148,149, 169, 178, 193, ~O4_ 

fertuel1t~, IS9 
'l'ryptolltl,196 

1'yrosm!iS1;', B!~, gr, 106 

Ulmin,87 
'Cltrl\Jl\\\'ro~Cill'ic strudtlre, It} 
Uracil, 4:W, '}S3, 460 
[:rnuylacctak,14 

1Jrea, 40. 62, 65, 111. 112, 115, l::P. :!·H. 
247 

urea: 
+ altJllrnillll' acid, 225 
alkali·alhumins [nr!\led by, 320 
'-\~I.ler!("ill\ls, actio\l on, fill 
~'ydl\::, 4:'W 
,h'ri\'atJn~ fr(HII a:r;hh:J8, 1~:-I 
"direet," '24;-, 
fOl'whlg enZY1H!O!',. 1)9, )05, 207 
jelly fornuatioll with albumill';, 2:W 
Hheratim! hy Ilr!i:'iw~~e, 2M! 
nl)t. acted upon IJy tryp~in, 99 
physi()logy. HJ8, 1(19 
})l'eVellts <;:ollVl'rsioll of ltitrUl1!:1 into 

niU'ie 1l('id, :ta6 
~olvellt, 01 fihril), 384 
-splitting- ellzyml;s, 99 
g}'lltlle~h, 21;; 

FrfWt,.9t\ 
Ureide",l(\O 
UretLalle, 99, 1 ~J, :!2!i, :3:2f) 
lir/(; actd, 94, 100,428 
Urine, J 2,40, 5:;, 62, 6~, 8-4. 90, J1J4, 107, 

IlS, 114, 162, HiS, 206, 2(/i, ~37 
amiJlOhexo;\l!, 158 
calc\1lIls,58 
globuli)l, :168 
mucoid,544 
nucleo.alhmnin, 107 
ofOctopl1E, 39:2 

Uro· : 
hacterill,99 
hmn, 206, 528 
f~fl'ic acid, 114 
lel1cicll.d,l, IIi 
protoCic add, 1 H 
tryp~iu, 41 

Try})ropha.ne, 11),21, 37, IU, 6;i. 67, 82, 
85,87,89,91,92,95, J:25, 18i 1 Y 

dimethyl amillo.bellzaldell)'ue.reac-I 
tion, 12 Valeriallwacid, 91, 92, 93, 10), 247 

glyoxYlic-acid reacti(Jn. 9 : Valero-: 
anti melanin. 80 i aceta nitrite. 247 
php,iology. 53. 84 nitrite, 247 
putrefactive cilanges, 1Q2 VaniUhl reaction, 11 

Tubel\lle bacillus, 101 Vegetable: 
Tuberculin, 206 albnmiu~. 19, 34, 35, 38, 6~. 370 
'l'yudaJ's experiment, 256 ca.~eill, 371 

TrrOSiU61.' ~;" ~:: 2;7,2:8, 3;2. t~·, ~~ ~i; i ~~.~:tl~~3i~8 
92, 95, 98, 99, 102, 105, ] 06, J 07. protejds, coppeT-compounu8, 3D!> 
108,109. 110,112, 113, jJ4_, 164. Vitalists, 1 
181. 191,246 Vitellin, 85, 162, 31H, 361, 867,408 

ethyl·ester, 125 , VitellolW, 178 
hydantoin,108 Volatile pro(iucts of oxidation, g2 
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178, I ~:~i~.\~ atroplly oflivf:f, It.! 

uJhuIJlin, 162, :J61 
},latu]('ts, 40(\ 

z 
: Zein, 3D, ~\6. 68, iJ, 375, 377 
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