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THE subject of Physiological Chemistry, or Biochemistry, is 
e,nlarging its borders to such an extent at the present time, 
that no single text-book upon the subject, without being 
cumbrous, can adequately deal with it as a whole, so as to 
give both a general and a detailed account of I; its present 
position. It is, moreover, difficult, in. the case. J[ the l;;rger 
text-books, to keep abreast of so rapIdly growm~ ~ SCIence 
by means of new editions, and such volumes .art therefore 
issued lwh~n much of their conte.nts ~as become 0tbsolete. . 

F or thIS reason, an attempt IS bemg made to ,\place thIS 
branch' of, science i~ ,a more accessible position qy issuing 
a series of monographs upon the various chapters of the 
subjeqt, each "it;ldependent of and y~t dependent upon the 
others, so that froni time to time, as new mate\-ial and 
the de91and ther;efor ri~'Cessitate, a new edition of eacJ\ mono­
graph can be issued withOlit re-issuing the whole seri~s. In 
thi~ way, both the expenses of publication and the expense 
to the purchaser will 'be diminished, and by a mJderate 
outlay it will be possible to obtain a full account of any 
particular subject as nearly current as possible. 

The editors of these monographs have kept two objects 
~n view: firstly, that each author should be himself working 
~t the subject with which he deals; and, secondly, that a 
iJibliogl'aphy, as complete as possible, should be includM, 
in order to avoid cross references, which are apt to ~ 
wrongly cited, and in order that each monograph may yield 
full and independentl information of the work which has been 
done upon the subject.~ 

I t has been decided as a general scheme that the volumes 
first issued shall deal with the pure chemistry of physiological 
products and with certain general aspects of the subject. 
Subsequent monographs will be devoted to such questions 
as the chemistry of special tissues and particular aspects of· 
metabolism. So the series, if continued, will proceed from 
physiological chemistry to what may be now more properly 
termed chemical physiology. This will depend upon the 
success which the first series achieves, and up orr the divisions 
of the ~;ubject which may be of interest at the time. 

R. H. A. P. 
F. G. H. 
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PREFACE to THE SECOND EDITION. 
\' \ 

THE prediction in t~~ "last paragraph of the preface to the 
first edition has been ~so well fulfilled, and so much time has 
elapsed since the first fdition was published, that the author 
has been urged to revise the text and to extend the scope of 
h" h ~ t IS monograp . ' 

Durin& the thirteen ykars since the appearance of the first 
edition the progress of biochemistry has made some of the 
chapters in the first editi(;m less important and others so 
much more important than .formerly that some of these have 
been omitted and others rewritten. I t has also 'geen necessary 
to introduce several new chapters dealing with subjects which 
have become important since, the first edition was written. 
As a result of these changes it ,has been necessary to entirely 
rewrite a very considerable part of this monograph. 

The basic and acid properti~ of proteins, which were 
discussed in the first edition, have since been studied by 
many investigators, among whom Professor L. J. Henderson 
has been particularly prominent. Since this field has now 
extended so far beyond the experience of the author, Professor 
Henderson has kindly contributed the chapter on "The Rela­
tion of Proteins to Acids and Bases." The author wishes 
to express his appreciation of this important contribution to 
science, and to acknowledge with thanks his co-operation in 
setting forth our present state of knowledge respecting the 
relations of the vegetable proteins towards 'acids and bases. 

He .also wishes to acknowledge the helpful suggestions and 
assistance which he has received from Dr. H. B. Vickery and 
Dr. A. C. Chibnall respectively, in the preparation of the 
chapte;s on the rate of hydrolysis of proteins and on the 

\ 
proteins in green plants. 

vii 
~ 
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I t is with especial pleasure that the author takes this oppor­
tunity to acknowledge the debt he owes to Dr. E. H. Jenkins, 
the Director of the Connecticut Agricultural Experiment 
Station, for his interest in and support of the investigations 
with which the author has been engaged during the past 
thirty-five years. 

Whatever may have been contributed by these investiga­
tions to progress in this field of science has been in large 
measure due to the generous financial support which has also 
'been afforded by the Carnegie Institution of Washington and 
by the kindly interest and encouragement received during many 
years from flrofessor R. S. Woodward, formerly l)irector of 
this Institution, and his successor, Professor J. c. MerriaIl1~ 

T. B. O. 



PREFACE TO THE FIRST EDITION. 

ALTHOUGH the proteins ot'Vlants early claimed the attention 
of many chemists, our pr~es~nt knowledge of them has not 
yet advanced beyond what is, in fact, a mere beginning of a 
serious study. The isolation and purification of vegetable 
proteins present so many d~f:ficulties that for a long time the 
available methods were too Icrude to enable those who under­
took such work to succeed lin their task. The development 

I • 

of ~he methods used by phys\ological chemists in their investi-
. gat;ons of animal tissues, the great development of organic 
chemistry, apd the no less important knowledge of the use of 
an,tiseptics and the action of en~ymes has only recently made it 
possible to prosecute a study of the vegetable proteins with a 
reasonable prospect of success. 

A knowledge of the vegetable proteins is in many ways of 
iQ"lportance to the animal physiologist, but the latter has had 
so many rapidly increasing lines 'ff.1 research opened to him 
during the past few years that h,\has had little time to give 
to the literature of the vegetable proteins. The writer has, 
therefore, thought it more important·· to devote the limited 
space of the present monograph to a discussion of the general 
chemical and physical properties of the vegetable proteins than 
to give a descriptive account of the individual proteins at 
present known~ I t is hoped that by this method of presenta­
tion the opportunities offered by the vegetable proteins for 
obtaining a more definite knowledge of the properties of protein 
matter in general will be better appreciated, and that in the 
future the studies of vegetable and animal prqteins will be 
brought into closer relations than in the past. 

Tne knowledge of the chemistry of the carbohydrates has 
been chiefly founded on studies made with those of vegetable 

ix 



x PREFACE TO THE FIRST EDITION 

origin, and it is not at all beyond the range of possibility that 
further study of the vegetable proteins will result in greatly 
extending our knowledge of the chemistry of the proteins of 
both animals and plants. 

T. B. O. 
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CHAPTER 1. 

tHISTORICAL REVIEW. 
, \ 

BECCARI [1745] publiiihed in the Proceedings of the Bologna 
Academy an account of Ais ~xperiments with wheat flour, in which he 
described the separation ~f the flour into two parts, one of which, he 
says, was similar to "thos~ things that are extracted from vegetable 
substances," and "the othe\ was such that it did not seem possible to 
extract it except from anim'kl matter." He states that he had already 
communicated this fact to tHe Academy in 1728, but this communica­
tion appear~ to have never ~een published. After giving a detailed 
description of the method by w,hich he obtained this peculiar substance, 
which we now know as wheat gluten, he describes at length the 
experiments by which he com~ared its properties with products of 
animal origin and c;ontrasted it~ behaviour with that-- of other known 
substances of vegetable origin. in making these comparisons he used 
destructive distillation and pointed out that the distillates from vegetable 
materials were acid, while those from the wheat gluten were alkaline like 
the distillates from animal substancJs. A comparison was also made 
between the products of putrefaction ~f gluten with those yielded by 
animal and vegetable matter under similar conditions. 

Kessel-Meyer [1759] was the next to call attention to gluten, and 
gave a brief description of its preparation and of experiments to 
determine the action of various solvents upon it. 

Rouelle [1773, I] ·announced that the glutinous matter, which up to 
that time was known to exist only in the seeds of wheat, was present 
also in other parts of various plants. This he considered to be the 
nutritive substance from which the caseous part of milk was derived. 
He stated that it was insolubJe in water and gave rise to the same 
products as the gluten of flour, and also that it can be changed into a 
body having the same odour as cheese, as Kessel-Meyei had found to 
be the case with wheat gluten. 

Later, Rouelle [1773,2] separated this glutinous substance from the 
juice of hemlock by heating to a moderate temperature and filtering out 
the coagulum, which had a bright green colour. He also obtained by 

I 
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2 THE VEGETABLE PROTEINS 

fractional coagulation a part which contained nearly all of the colouring 
matter and, at a higher temperature, a part which was l).early free from 
colouring matter. The colouring matter could also be extracted by 
digesting the coagulum with alcohol. The protein nature of this sub­
stance was proved by the products of destructive distillation. Rouelle 
was, therefore, the first to obtain evidence of the wide distribution of 
protein substances in the differe~t parts of plants. 

During the same year Parmentier [I.773, I] described his extensive 
study of various vegetable substances used for food, and among other 
questions to which he devoted his attention was the gluten of wheat. 
He (ound that this substance, while insoluble in mineral acids, was 
soluble in vinegar, and that by neutralising its solution with sodium 
carbonate it was precipitated with app.arently unchanged properties. 
Its solution in vinegar, on evaporation to dryness, left' a horny and 
yellpw residue which was not hygroscopic. When the gluten was 
ext.l-:acted with spirits of wine some was dissolved, an1 the yellow 
solution when evaporated left a transparent residue which, burned with 
a strong odour of burning animal matter. Nevertheless he appea(s to 
have regarded this residue as a resin. When the ~luten was bo}lt;d 
with water it lost its tenacity and coherence and had evidently suffered 
a decided physical change. When the gluten was exposed to dry air 
at a low temperature it, left a residue which, when treated with water, 
regained' its original moist weight; from this he cdncluded that it 
occurred in the seed in the dry form and on contact with water became 
hydrated, hence the necessity for kneading dough. 

Parmentier [1773, 2] in another paper stated that on drying, gluten 
lost two-thirds of its weight, and the dried product thus obtained, 
when triturated with water, was restored to its original glutinous and 
elastic condition. 

In 1776, ,Parmentier further stated that wheat flour must be very 
much altered in order to give no gluten, and that this substance com­
pletely disappears only when the seed has germinated. 

At about this time Berthollet reported that when gluten was treated 
with nitric acid nitrogen was evolved and the residue became yellow. 

Fourcroy [1789] gave an extensive account of the occurrence of 
coagulable protein in the juices of various parts of many plan~s, and 
described the method by which he obtained preparations of what he 
supposed to be pure plant albumin. This he found to have all the 
properties of animal albumin, and he gave an account of a comparison 
of these two substances. Fourcroy was the first to recognise the pres­
ence of two kinds of protein in plants. 
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From 1799 to r805, albumin was found in the jUices of many plants 
and in the sap of trees by a number of different investigators, who, 
however, added but little to the information which had been furnished 
by Fourcroy(cf. Deyeur and Vauquelin [1797], Vauquelin and Brong­
niart [1798], Jordan [1801]; Vauquelin [t801-02, 1802-03, 1803-°4], 
Cadet [18°3-°4], Proust [1802, I, 2], Fourcroy [I802J). 

Einhof [1805,2] discovered that a part of the gluten of wheat was 
soluble in alcohol, and described the existence of similar proteins in 
rye [1805,2] and barley [1806, I]. He, however, assumed that all of 
the gluten of wheat \v:as soluble in alcohol, and considered this to be a 
characteristic propert~.of all vegetable proteins except the albumin, 
which occurred dissol\eq i[1 the juices of plants. He also undertook 
an extensive investiga~jon of the constituents of the potato [18°5, I], 
barley [1806, I], peas a,nd beans [1806,2] and lentils [1806,3], and 
found that the legu!Uirlpus >seeds contained a form of protein which 
was not ,soluble in alcohol or in water. He assumed that this belonged 
to a distinctly different group of substances, although he recognised 
that it Was related to th~ gluten found in the seeds of the cereals. 
His disdoveries showed ~e presence of two new forms of protein 
matter in plants and laid tfe foundation for a more. extended know­
ledge of these substances. 

Gren [18°9] in his GrunJiriss der Chemie, in reviewing the literature 
of vegetable proteins, stated that gluten contains carbon, hydrogen, 
nitrogen, phosphorus and calcium, for by distillation it yields products 
which contain these eler:nents. He further stated that plant albumin 
contains hydrogen, nitrogen, carbon, sulphur, oxygen and probably 
calcium phosphate, and cites as hi~ authority the analyses by Fourcroy 
and a then recent paper by Jord~ [1801]. He does not mention, 
however, the nature of the evidence given by these latter investigators 
from which this composition of plant albumin was deduced, and as he 
makes no reference to the original publications by either of these 
authors, it has not been possible to determine the basis for his state­
ment, which appears to be the first publication in regard to the ultimate 
composition of vegetable proteins. 

During the next ten years little advance was made beyond an 
addition to the number of seeds in which such substances were 
found Ccf. Braconnot [1813], John [1814], Seguin VS'14], Vauquelin 
[1814, 1817]; Link Cr815], :Boullay [1817], Proust [1817], Vogel 
[1818]), 

Taddei [1819, I] separated wheat gluten into two well-characterised 
parts, one of which, soluble in alcohol, he called gliadin, the other, 

:r* 



4 THE VEGETABLE PROTEINS 

inso~uble therein, zymom. By this observation three djstinct proteins 
were shown to be present in wheat flower. 

Gorham [1821] described a protein soluble in alcohol which he 
. obtained from the seeds of maize and to which he gave the name zein; 
A year later Bizio [1822, 1,2] stated that zein was a mixture of gliadin 
and zymom, which Taddei had then recently found in wheat gluten, 
together with fat, and he regarded this mixture as similar to the gluten 
of wheat. 

Braconnot [1827] described the protein constituents of some 
leguminous seeds. He Qamed the protein which he obtained from 
them legumin, and showed that it fo~med salt-like combinations with 
acids. 

During the next few years little further progress was made in the 
study of plant proteins Cci Marcet [I 827], Berzelius [I 82~, 1,2], Zenneck 
[1828], Braconnot[1829, 1830,1831], Hermbstadt [1831], Gay-Lussac 
[1.833]). Up to this time the knowledge of vegetable proteins had 
extended only to a recognition of their 'general occurrence in plants 
and to a more or less crude description of their ph~sical properties and 
solubility. 

Boussingault [1836] published elementary analyses of several plant 
proteins which marked a new epoch in the development of their study, 
for these analyses were soon followed by those made by Mulder [1839], 
and by those made by Liebig and his pupils (Liebig [1841, 1844], 
Varrentrap and Will [1841], Scherer [1841)', Bence-Jones [1841], Heldt 
[1843], Rochleder [1843, 1844]). Apparently largely on the ground 
of these analyses, which agreed closely with those obtained with animal 
proteins, Liebig asserted, in 184 I, that the different forms of plant 
proteins known at that time were identical with the proteins of animal 
origin which bore similar names. He recognised four such substances, 
namely, vegetable albumin, plant gelatin, legumin or casein, and plant 
fibrin. 

Throughout the previous history of the development of knowledge 
of plant proteins and up to the time of Liebig, the idea of their identity 
with the animal proteins appears to have been universally accepted, 
and every effort had evidently been made by those who studied them 
to discover similarities between the proteins from these two sources. 
In the year following, however, Dumas and Cahours [1842] presented 
the results of an elaborate study of the elementary composition of a 
considerable number of animal and vegetable proteins, which formed 
the foundation of a new advance in the knowledge of proteln sub­
stances in general and contributed especially to the future studies of 
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the proteins of plants. By means of their then- newly developed 
method for determining nitrogen, they were able to clearly establish 
differences in the elementary com position between many of the proteins, 
and they showed that these differences were particularly great in the 
case of some of the vegetable proteins. The identity which Liebig 
[1841] assumed to exist between the vegetable and animal proteins 
was thus disproved and the further accurate study of the proteins of 
vegetable origin became a matter of importance. 

Little was done during the next ten years materially to advance 
the knowledge of v£getable proteins, but Hartig [1855, 1856] published 
the results of his eltVQrate investigations of seeds, in which he showed 
that a_ large part oil th,e reserve protein was present in the cells in the 
form of crystals an~ grains of more or less definite structure. This 
discovery-was follow!,!d three years later by Maschke's [1'858, 1859] 
announcement that Ae had succeeded in artificially crystallising the 
protein of the Para ',or Brazil-nut, which Hartig had shown to be 
present in this seed imthe form of rhombohedral crystals. 

Denis(1859] shoW~9 that many protein substances of both animal 
and vegetable origin were soluble in neutral saline solutions, and thus 

I, 
presented to chemists an entirely new means for isolating and purifying 
these proteins. Although Denis' discovery has since been of funda­
mental impolitance in the modern study of proteins, especially those 
of seeds, its significance was not appreciated for several years. 

In 186o, Ritthausen [1862, I] began the first serious study of the 
vegetable proteins, and devoted himself for many succeeding years to 
the production of preparations' of the highest attainable purity, and to 
accurate determinations of t1\eir composition. As a result of these 
investigations the prevailing ~wledge was greatly extended, and it 
became plain that these substances occurred in many diverse forms in 
the different seeds. Ritthausen's work, therefore, furnished the first 
broad foundation for a knowledge of the vegetable proteins, and the 
service which he rendered in developing this field of knowledge 
deserves far more recognition than it received during his lifetime. 

Weyl [1876, 1877] applied to seeds the method of extraction by 
solutions of neutral salts which Denis had proposed in 1858, and 
showed that a large number of different seeds contained protein soluble 
in saline solutions, and that this protein had properties similar to the 
globulins of animal origin. These vegetable globulins he divided into 
two groups, the myosins and vitellins, according as they were insoluble 
or sol~ble in saturated solutions of sodium chloride. The views which 
he advanced in respect to the general character of protein substances 
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in seeds received i,mmediate and extended recognition on the part of 
physiologists and of those familiar with proteins of animal origin; and 
as he claimed th,at the preparations which Ritthausen had obtained by 
the aid of weak alkaline solutions were altered pt:oducts of the original 
protein constituents of tl~e seeds', the work of Ritthausen soon fell into 
disrepute and was discredited as not showing the real protein con­
stituents of the seeds which he had studied. Although Ritthausen 
[1880,1881, 1,2,3; 1882,3,5; 1884,2] soon after showed that many 
of his preparations were largely or wholly soluble in sali~e solutions 
and had for the most part retained their original solubility unaltered, 
and also that the products obtained by direct extraction of seeds with 
neutral salt solutions agreed in many cases ·entirely with those which 
he had previously described; physiologists continued to overlook and 
disrega,rd his assertions. At about the time Ritthausen ceased work­
ing in this field investigations were begun by the writer and carried on • 
t\lroughout the next twenty years. During this time a few other in­
vestigators occasionaliy dealt with specia~ questions conne<:;ted with the 
chemistry of the vegetable proteins but no connected or extensive in- / 
vestigation of these substances was undertaken by anyone else. As 
Ritthausen's researches were. far from exhaustive, and left the subject 
in such a state of confusion that it was impossible to form definite 
conclusions respecting much that he had described, the writer there­
fore first directed his attention largely to a reinvestigation of the sub­
jects dealt with by Ritthausen, hoping thereby to clear up some of the 
uncertainties pertaining to his work. 

Ritthausen's efforts were largely directyd to attempts to establish 
the identity of proteins obtained from different seeds and seem to have 
been inspired by an idea that a comparatively small number of veget­
able proteins occurred in nature. The author, on the other hand, 
recognising that identity of such, complex chemical compounds as are 
the proteins could not be proved by any of the means then available 
directed his efforts to establishing constant differences between those 
from different plants. Following this course it soon became apparent 
that nearly all of the. proteins from seeds of unlike species which Ritt­
hausen considered to be alike were in fact different and further in­
vestigation showed that no two species of seeds contained proteins 
which could not readily be shown to be chemically different, except in 
the case of seeds very closely related botanically. Even the latter 
have not yet yielded preparations which are certainly alike. Thus the 

, I ' 
closely related seeds of wheat and rye contain alcohol-soluble proteins 
which have thus far been prov«d to differ ot'ly iu respect to specific 

• 
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rotation, but this difference appears to be a constant one and to be 
characteristic of the protein. 

Anaphylaxis experiments conducted by Professor H. G. Wells 
(Wells and Osborne, 191 I), using preparations made by the author, 
have indicated the almost infinite variety of vegetable proteins, and the 
occurrence of possibly identical proteins only in very closely related 
species. In this respect animals and plants are alike. After Ko~sel 
and Emil Fischer developed methods fot deten;nining the amino-acids 
which proteins yield when completely hydrolysed the vegetable proteins 
became-of especial interest Analyses of\n~ny of them were thus made 
by the author .anQ his associates as welil as by E. Abderhalden and 
other!;). The results of these analyses co'hfirmed the wide differences 
between many of the proteins of seeds \vhich the simpler and less 
certain' methods earlier employed had indic'ated. 
, Th4s a chemical basi\> for the differentiation of proteins became 

available and these substances, long ignored by the organic chemist, 
began t6' recei.ve attention. Since tl}any qf the vegetable proteins 
present in seeds commonly used for food by men and ~nimals differed 
greatly in their amino-acid make-up, not only from one another, but 
also from those obtained from anirpal food' products, an extensive 
serit;s of studies of their relative value in nutrition was begun in 19,~O 
by Osborne and Mendel. In 19I5,.the United States Department of 
Agriculture undertook investigations of the vegetable proteins under 
the direction of C. O. Johns and many valuable ~ontributions to this 
subject have been made by him and his associates\ 



CHAPTER II. 

OCCURRENCE OF PROTEINS IN DIFFERENT PARTS OF PLANTS, AND 
THEIR GENERAL CHARACTERISTICS. 

PROTEINS are found in the living parts of all plants. They occur in 
the dissolved state in the circulating fluids and in the solutions of the' 
cell vacuoles, that is in the cell sap. In a semi-dissolved state they 
occur in the protoplasm, and in an undissolved state they are stored 
as reserve protein in the cells of seeds, tubers, bulbs, buds and roots. ) 

In many cells undissolved protein is found in the form of well­
devel.oped crystals of various forms; in irregular, semi-crystalline forms 
with faces and angles on a part of their surface, and as regular or dis­
torted spheres, all of which several forms are found in aleurone grains; 
and also in an amorphous, finely granular form, generally designated 
aleurone. In seeds the reserve protein occurs in the cells together 
with the non-nitrogenous reserve food materials, starch, oil, etc., which 
several substances fill the cells, leaving a thin layer of dried protoplasm 
between them and the cell wall (cf. Hartig [1855, 1856], Radlkofer 
[I859], Nageli (I862], Schimper [I 880], Schulz [1901]). 

In most monocotyledonous plants the cells of the endosperm and 
embryo occupy distinct parts of the seed. The tissues of the endosperm 
of such seeds when fully ripe are, therefore, made up of cells which 
are almost entirely filled with the reserve food substances, since the 
thin layer of protoplasm next to the cell walY forms a very small part 
of the contents of the cell. 

The tissues of the embryo contain protein associated with a greater 
variety of subtances than are present in the cells of the endosperm, and 
are also rich in nucleated cells, in which much of the protein apparently 
exists in the chromatin substance of the nuclei in special forms of 
combination with nucleic acid. In this part of the seed the chemical 
conditions are therefore more complicatefl, than in the cells' of the 
endosperm, since the metabolic processes of i'he embryo appa"rently 
require a gr~ater variety of substances than' exist in the cens of the 

S< 
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endosperm of the fully ripe seed, whose chiS;f office is to supply food 
to the subsequently developing embryo. 

In most dicotyledonous seeds the cells containing the reserve 
protein are distributed among those of the embryo tissues. 

In roots, bulbs and tubers the undissolved reserve protein occurs 
suspended in the cell sap, frequently in tbe form of crystals. 

Little that is definite is known conce1ring the chemical properties 
of any of the plant proteins except th~sE; of seeds, for the proteins 
occurring in the physiologically active cflls, and fluids of plants have 
been but lit~le studied, owing to the relati1ely small quantities in which 
they occur and the difficulty of separating) them from each other. 

The total protein is contained in severa.~ different parts of the seed, 
namely, in the endosperm cells as reserve P,Totein, in· the protoplasm of 
these cylIs, and in the cells composing the .. tissues of the embryo, both 

I 

in the cytoplasm and in the nuclei. As it iSlnot possible, in most cases, 
to separ~te th~se different parts of the see4 by mechanical means, in 
sufficient quantity to permit a study of the proteins of each, extracts of 
the entire seed will consequently contain a ,mixture of proteins from 
all the different parts of the seed, and may by expected to contain a 
number of different proteins. Experience ha,s shown this to be the 
case, as a careful examination of the extracts of all seeds thus far 
studied has shown the presence of a number of different types of 
protein. The whole of the protein contained in seeds is, therefore, not 
reserve protein. Extracts of seeds always con\ain in addition to a 
relatively large amount of one or two types 01\, protein, which arc;: 
manifestly/the reserve protein of the seed, a certam small proportion 
having distinctly different properties. It is probable tV-at most of this 
latter protein is yielded by the cells of the embryo as well as by the 
protoplasm of the endosperm cells. With most seeds definite evidence 
of this has not yet been obtained, but in the case of wheat the embryos 
are separated by the commercial process of milling in a nearly pure 
condition, and a study of this product has shown that those proteins 
which are obtained only in small quantity from the entire seed are 
present in relatively large amounts in this embryo meal. The proteins 
of this embryo both in chemical and physical character differ from 
those of the endosperm and resemble more nearly the physiologically 
active proteins of animal tissues. These embryo proteins are 
associated with a large quantity of nucleic acid, so that products similar 
to the q.ucleoproteins and nucleins are obtained from this embryo meal. 

Thus Osborne and Voorhees [1893] (cf. also Frankfurt [1896] and 
O'Brien [I 895]) found that the flour of the entire kernel oftsamples of 
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spring and win~er why;lt yielded the quantities of the proteins enumer­
ated in the following tabl~ :-

Glutenin 
Gliadin 
Globulin 
Albumin 
"Proteose" 

Spring Wheat 'Vinter Meat 
Per Cent. Per Cent. 

4'68 
3'96 
0'62 
0'39 
0'21 

4'17 
3'90 

0'63 
0'36 
0'43 

Osborne and Campoell [1900] obtained from the wheat embryo 
meal no gliadin or glutenil1' 10 per cent. of albumin, 5 per cent. of 
globulin and about 3 per cent. of "proteose." The embryo "meal 
contains a relatively large proportion of nucleated cells and therefore a 
large amount of nucleic acid, which was extracted in combination with 
the proteins, though much remained in the meal! residue as an insoluble 
combination with the re;?idual protein. In '~iew of these facts it is 
clear that a part of the globulin, albumin and proteose obtained from 
the entire seed was originally present -in the tissues of the embryo, 

~ 4<.,jc • 

though some 'is also yielded by the endosperm cells possibly derived 
from the very small amount of protoplasm which these contained. 
Similar conditions must certainly exist in other seeds, so that the 
proteins found only in· very small quantity in their ex'tracts may be 
regarded as derived' from the embryo and protoplasm rather than from 
the reserve protein of the seed. Thus, for instance, the hemp-seed, 
which yields a large part of its protein in the form of crystalline edestin, 
alsb yields a very small quantity of one or two other proteins coagulated 
by heating the extracts to about 80°, and also a little that is soluble 
in boiling water. 

The proteins of seeds have been the subject of extensive investiga­
tion, and we now know much concerning the chemical and physical 
properties of a number of them from several species. By far the 
greater part of these belong unquestionably to the reserve proteins of 
the seeds, and are to be regarded as products of the metabolism of 
the plant which in the fully ripe seed no longer take part in its physio­
logical processes. They are, therefore, in a sense analogous to 
excretory products, for, as 'Pfeffer, has said,!." All protoplasmic 
secretions which appear externally and are lost to the plant or Which 
can take no further part in metabolism are to be regarded as excretory 
substances. " 

In many ways the reserve seed proteins bear a relation to the 
physiologically active tissues of the parent plant similar to that which 

1 Pfeffer, W., The Physiology of Plants, p. 131. Second edition, 632 pp. Translated by 
Alfred J. Ewart. Oxford, 1900• ". 



PROTEINS IN DIFFERENT PARTS OF PLANTS II 

the animal albuminoids or scleroproteins bear to the physiologically 
active tissues of the animal, for the reserve protein of ripe seeds has 
<fven less connection with the living ti,ssues of the plant which pro­
duced it than the albuminoids of hair, }),orn and hoof have with the 
living tissues of the animal. 

This physiological analogy ~xtet;lds, within certain limits, to the 
chemical characteristics of these subst<!-nces. Like the animal albumin­
oids, the reserve seed proteins are more stable toward chemical and 
physical agents than are the proteins whieh form parts of the Jiving 
protoplasm of animals, and also, like most of /tQe albuminoids, they 
differ more widely in the proporti9n of some on~dr more of the amino-

I acids which, they yield when hydrolysed than d~ t~e more physiologic­
ally active proteins of either vegetable or animaH,origin, the protamines 
excepted. Thus gliadin of wheat and, hordei_nl of barley yield more 
than 40 per cent. of glutalI,li.l1ic acid, while silk I,fibroin yields 36 per 
cent. of glycocoll and 21 per cent of alanine. \ The alcohol-,soluble 
seed prbteins yield the basic a~ino-acids in ver}1 small amount as do 
also some of the albuminoids, e.g. elastin and ker~tin. No such wi<;le 
differences have 'beeq found among the physiologically active prot~ins 
of plants or animals, and in this respect many. seed, proteins and 
albuminoids present marked structural differences from the tjssue 
proteins. The seed proteins, moreover,' offer an ad vantage for chemical ~ 
study which mOst of the albuminoids do not, as, uqlike most of the 
latter, they can be obtained in a soluble form and very frequently in a 
well-crystallised state which makes their purification much easier than 
that of the i,l;lsoluble albuminoids. 

Owing to tlleir relatively great stability most of the ~eserv~ proteins 
of seeds can be pubjected to extensive fractional precipkati(;m, and the 
chemical and physical properties of successive fracti~s compared. 
These proteins, therefore, yi~ld more definite and well-ch~racterised' 
preparations than do most of the known proteins of animal origin, 
and a study of them has resulted in more definite knowledge <;>f the 
chemistry of protein matter than has been obtained by a study of pro­
teins frol'Il any other source, with the exception of casein from cow's 
milk. 

It was, one of the earliest observations respecting t'\le proteins of 
plants that their freshly exptessed juices yielded a coagulum, when 
heated, which consisted chiefly of protein. Beyond numerous observa­
tions on the behaviour of the protein in plant cells which have beel}. 
made by histologists very little has been learned concerning the nature 
of the protein in the leaves and stems of plants. Osborne, Wakeman, ~ 
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and Leavenworth [I921] as well as Chibnall and Schryver U92I] have 
undertaken to isolate such protein, the former from spinach leaves and 
green alfalfa plants, the latter from cabbage, bean, and spinach leaves. 

From these investigations it appears that only a small part of the 
protein of the clear, expressed juice is in true solution and that most 
of this is coagulated by adding alcohol or heating. Much the greater 
part of the protein in the leaf is insoluble in such solvents as are usually 
employed for extracting proteins. 

The majority of seed proteins thus far studied are soluble in neutral 
saline solutions from which they are precipitated by dilution or dialysis. 
Those seeds, as yet studied, in which the protein occurs within the cell 
in the form of crystals or spheroids or of partly crystalline masses 
yield large quantities of protein precipitable by dialysis in forms similar 
to, or identical with, those which exist in the seed. Seeds of the 
cereals which contain the protein in a finely granular condition and 
without definite form yield relatively small quantities soluble in salihe ~ 

solutions. The proteins isolated from many seeds are apparently ob­
tained with unchanged properties. The crystalline and spheroidal 
forms exhibited by these proteins within the cells can be artificially 
reproduced by dialysing their saline solutions. 

In those cells of the endosperm in which protein is most frequently 
found in the form of crystals, or of small spheres, there is usually 
observed a globule, composed largely of insoluble mineral substance, 
commonly called a globoid. This globoid is formed from soluble 
mineral salts contained In the fluid of the cell, and it is possible that, 
as its constituents pass out of solution, through the formation of an 
insoluble combination, the concentration of the salts in the cell fluid is 
correspondingly reduced and the protein thereby precipitated, in much 
the same way as occurs when salts are removed by dialysis. 

As already stated, the proteins extracted from seeds are obtained 
in various forms which represent distinctly different protein substances. 
The solubility of the protein matter in different seeds varies greatly, 
but in general it i~ found that a part is soluble in water, a part is 
soluble in neutral saline solutions and a part is insoluble in either of 
these solutions but soluble in dilute solutions of acids or alkalis, while 
in the seeds of the cereals a part is also soluble in alcohol of from 70 
to 90 per cent. The proteins extracted from seeds by these several 
solvents will be considered in greater detail later. 



CH1}.PTER III. 

CHEMICAL INDIVIDUA,_LITY OF PROTEIN PREPARATIONS. 

SINCE proteins have nOlle of those phy~i~al and chemical characters 
which the chemist usually depends upob 'to show the individuality of 
an organic chemical compound, their~ isqlation in preparations of 
flssured chemical purity presents unusual difficulties; in other words, 
proteins have no single physical property by means of which any 
judgment can be formed in regard to th~ strict chemical individuality 
of anyone of them. The best that cap be done at present is to 
establish a constancy of the ultimate compo!,ition of successive fractional 
precipita;tions of the pr_otein under conslperation, and to show the 
constancy ofl the physical properties and' products of hydrolysis of 
these fractions so far as this is possible. 1:'here can be no question, 
where differences are established in composition or properties between 
successive fractions of a protein preparati6n, that the substance in 
question is a mixture. We can, therefore, for the present, treat as 
individual proteins only those products whose extensive fractionation 
has given no evidence that a mixture is being dealt with, and we must 
await new methods of study before any o~e o~hese proteins can be 
definit.elY accepted as a true chemical entity. .any, however, of the 
proteins· }vith which we are at present familiar ve shown such con-
stancy of composition and properties that we feel justified in now 
considering them as substances of reasonably definite character. 

During recent years, studies of the anaphylaxis reaction have 
indicated that it may be possible to establish chemical identity by 
means of this biological reaction, and H. G. Wells (Wells and Osborne 
19I I) has made extensive comparisons of numerous proteins prepared 
in the author's laboratory. Several proteins obtained from different 
species of plants, although so similar in chemical and physical properties 
as to be indistinguishable, failed to react anaphylactically with one 
another, while others from botanically closely related species, and 
presumably chemically identical, reacted as vigorously as did prepara­
tions from the same species. 1.'his test showed that each seed contains 
several:chemically distinct proteins, and that no two seeds, unless very 
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closely related botanically, contain chemically identical proteins. At 
the present time the anaphylaxis reaction seems to be the best means 
available for establishing the probable chemical identity of protein 
preparations from different sources. 

The conclusion appears to be justified that an almost infinite number 
of chemically different proteins exist in plants and that it is a hopeless 
task to attempt to deal with any considerable part of these individually. 
It is, however, important to have a few well characterised individuals 
representing different types which shall afford material. for studying the 
physi.cal and chemical characters of this important group of substances. 
During the past thirty years the author and his associates have con- , 
centrated attention on the preparation of a few proteins from different I 
groups of seeds which in physical properties and chemical structure. 
appear to pr.esent especiai opportunities for future in,-,:estigation. 

In this connection it is worth while to consider the evidence now 
available which indicates the possibility of separating these protein!'! 
from one another, as well as from associated substances, for it has been 
generally assumed that the difficulti~s presented in making such separa­
tions are so great th~t there is' little hope for succ;ess. Most of the see? 
proteins now known are soluble in salt solutions and can be precipitated 
by dialysis in the form of crystals or spheroids :.vhich are relatively large 
when compared with the minute particles of an amorphous precipitate. 
These s.eparate from solution very slowly, and are deposited as dense 
precipitates Which adsorb associated substances to a far less extent 
than do the amorphous, bulky precipitates of most proteins of animal 
ongm. Good evidence of this is the fact that th~ chief protein of the 
castor bean, as Osborne, Mendel, and Harris have found, could be freed' 
by a single reprecipitation by dialysis from all b4t minute traces of any 
toxic substance, though the solution fron:l which it separated 'on the 
first dialysis contained a large quantity Of the extremely poisonous 
ricin. Ricin, if not a protein, is, at least, so intimately associated 
with protein that it is almost quahtitativ~ly precipitated therewith. 
The conclusion is, therefore, justified thqt the separation from the 
water-sohible protein by a single reprecipitation by dialysis is in a high 
degree complete. This fact is good grounp for considering it possible 
to separate proteins very completely from one another under such 
condi tions. 

Further evidence of this is furnished also by the anaphylaxis reac­
tion. As is well known, extremely small quantities of a proteil1suffice 
to sensitise guinea pigs to subsequent doses of the same protein. In 
many cases Wells and Osborne [191 srj. fo~nd that preparations of 
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vegetable proteins obtained by repeated prec,ipitation by dialysis, or 
by dilution, wete sci completely freed from the water-soluble proteins 
of the same seed that no sensitisation to intoxicating. doses of the latter 
occurred, even when relatively large quantities of the former were used 
for sensitising. It'thus a,ppears possible to ~eparate very perfectly two 
individual proteins from one another when these occur ~n the same 
solutipn: 

The fact that many vegetable proteins can be easily obtajned so free 
from carbohydrates that the,ir prepar~\ions give no trace of reaction 
with the Molisch test is :trong ev~dJr.~ that these can be entirely 
freed from such non-protew contamma\lOlls. 



CHAPTER IV. 

CLASSIFICATION OF VEGETABLE PROTEINS. 

A CHEMICAL classification should be based on definite properties of 
individual substances, but such a treatment of the proteins is at present 
manifestly impossible. It is, however, desirable to have some schem~ 
by means of which the proteins can be brought together in an orderly 
fashion. All attempts, thus far made, to classify them have been based 
chiefly on their solubility under different conditions. This meth~d 'bf 
classification has proved in many ways unsatisfactory and inadequate, 
but seems, for the present, to be the best available ... Attempts have 
been made to establish greater uniformity throughout the world in tp.e 
classification of the proteins and to attach more definite and generally 
recognised meanings to the various terms and designations which have 
been used in describing and classifying them. To this end committees 
were appointed by societies in England 1 and America 2 for the purpose 
of agreeing on a scheme pf classification for the proteins. These 
committees have reported plans which involve no serious point of 
difference. As the scheme of classification of the American committee 
is more detailed and was prepared to include the vegetab-le proteins, 
it is used in this monograph. This scheme provides for the fo11owing 
groups;-

I. The Simple Proteins. 
(a) Albumins. 
(b) Globulins. 
(c) Glutelins. 
Cd) Prolamins (Alcohol-soluble proteins). 
(e) Albuminoids. 
(f) Histones. 
(g) Protamines. 

1 Proteid Nomenclature, Report of Committee. J. Physiol., Igo7, 35, xvii-xx. 
2 Recommendations of the Committee on Protein Nomenclature. Amer.]. Phy.siol., Igo8, 

21, xxvii-xxx, also Proceedings of the American Society of Biological Chemists, 1908, I, 142-

145· " 
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II. Conjugated Proteins. 
(~) Nucleoproteins. 
(6) Glycoproteins: 
(c) Phosphoproteins. 
Cd) Hcemoglobins. 
(e) 'Le,cithoproteins. 

III. Derived Proteinsh 

!. ,Primary P, rot,eiutber,ivatives. 
(a) Proteans. '~\ 
(b) Metaproteil}s, "~, 
(c) Coagulated' pr" teins. , 

2. Secon,dary Protein 'Derivatives. 
(a) Proteoses. 
(6):1 J;>eptones. 
(c) Peptides. 

the vegetable proteins belong to grou~s which were first.established' 
in ,co~nection with studies of: abimal pr~teins,. but :he defi~itions of 
these groups, as usually found m text-book~ dealmgwlth protem~" must 
be modified to some extent jf they are to include those 'v<;:gf!table 
pr9t<;:iQ,s which have properties ~n the m~in agreeing with those of 
th~ ftpimal proteins heretofore assignedi' to such groups. 

All of the ,proteins of seeds which have been carefully studied 
belong t~ the group of simpl~ proteins, and M those supposed to be 
conjugated proteins none has yet been f?roved ~ belong to t4is group, 
though it is quite poss~ble that representatives of, this group, possibly 
pecullar" to plants, milY exist abundantly in the celli of living plants. 
Thus ,the greater' part of the protein in spinach or alfalfa leaves cannot 
be extracted by dilute alkali until the tissues ate heated therewith for 
some time, s\J,ggesting that the protein moiety is rendered soluble in 
dilute alkalis or acids only after hydrolysis. Sucq data as have .been 
isecured indicate that this protein may pe cOfil;bined with flavone-like 
,complexes. If true, this would represent a type of conjugated protein 
hitherto -qnknown. Condusi,ve evideI}ce SUpp9rting this view has not 
yet been obtained. 

N uc!eoproteins have been frequently described as occurring in 
vegetaple cells and it is possible that they do thus, occur, but if by 
nuc1eoproteins is meant some form of combination .between protein 
aJ;id nuc;leic acid other than as a salt or nucleate, conclusive evidence 
of tr.eir existence has not been advanced. Compounds of nucleic 
acid and protein have been isolated from the embryo of wheat, but the 

:& ' 
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products obtained gave no evidence that they were anything other than 
protein nucleates. Phosphoproteins similar to caseins or egg-yolk 
vitellins have, never been obtained from seeds, although it has not in­
frequently ,been asserted that most of the seed proteins belong to this 
group. Lecithoproteins or glycoproteins are not yet known to be 
,present in plants, but possibly exist in the physiologically active tissues 
which, up to the present time, have been but little studied from a 
chemical standpoint 

Of the simple proteins found in plants none has been obtained 
which, in any way resembles the albuminoids or protamines. Some 
of the seed globulins are similar to the histones in their high content 
in nitrogen and diamino-acids but there is no other reason for suppos­
ing a relation to exist between them. 

Most of the globulins from seeds, unlike those of animal origin, fire 
incompletely coagulated by heating their faintly acid solutions and in 
some cases are not coagulated ~t all. Their relations to saturated salt 
solutjons are also different, for many of them are not precipitated by 
saturating their solutions with magnesium sulphate or half saturqting 
with ammonium sulphate. All are, however, precipitated from saline 
extracts of the seeds by dilution or dialysis, and on the basis of this, 
the essential characteristic of a globulin, are assigned to this group. 
The term globulin was originally applied to proteins which are in" 
soluble in water but readily soluble in dilute saline solution from which 
they are precipitated by dilution or by dialysis. The method now 
almost universally adopted by physiological chemists of differentiating 
globulins from albumins by half saturation with ammonium sulphate 
cannot be applied to the vegetable' proteins because many of them 
wqich are pre-eminently globulins according to the original definition 
are not precipitated until their solutions are much more than half 
saturated. The distinction between globulins and other types of 
proteins which is founded on solubility in dilute salt solutions is one 
of the most convenient means of grouping a farge part of the known 
proteins obtained from seeds. It seems unfortunate, therefore, that 
a methoq of distinguishing globulins should have been introduced which 
cannot be applied to Qne of the best characterised and numerously 
represeqted groups of the vegetable proteins. The author thinks that 
the practice of the physiologists should be abandoned so that the con­
fusion thereby introduced can be avoided. 

On the ground of some similarity to proteoses, especially the hetero­
proteoses, it has been suggested that many of the seed globulins 
belonged to this group. Experiments with the erepsin-like enzyme of 

" 
fJ 
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Penicillium camilnber# (Dox, 1909) have shown that while this enzyiue 
rapidly hydrolyses casein it has no action on any of the several seed 
proteins tested, including some of the typical globulins. It is therefore 
probable that the seed globulins are constituted similarly to the true 
or simple proteins of animal tissues and fluids, which are not attacked 
byerepsin. 

A few of the seed proteins have properties characteristic of albumins, 
that is, are soluble in water and coagulable by heat. These, however, 
differ from animal albumins in their relations to saturated salt solutions, 
for some of them are precipitate?, by saturating with sodium chloride 
or magnesium sulphate and somel also at less than half saturation with 
ammonium sulphate. \ \ 

Two groups of proteins are foJudlin seeds which have no represent- I 

atives ,among the animal proteiJ.s, namely, the prolamins and the 1 ' 

glutelins. The former -is' one o£\ the. most definitely characterised 
group of proteins, known, for its rvembers are freely soluble in ethyl 
alcohol of 70 to 80 per cent, one even dissolving in all proportions in 
alcohol of 90 to 912 per cent. Th~y are also soluble in many other 
alcohols. The prolamins are sharpl~differentiated from other proteins 
in' their constitution, since all that have been hydrolysed with acids 
yi~ld a relatively large amount of ammonia, glutaminic acid and 
pr~line and a very smalI proportion' of arginine and histidine, and 
very little or no lysine. 

The group of glutelins has been provided to include those proteins ·4 
which cannot be extracted from many seeds by neutral solvents but 
are easily extracted by very dilute alkalis. The only carefully studied 
member of this group is glutenin from wh:~at flour, but evidence of the 
existence of proteins of similar solubility in\many other seeds has been 
obtained. '\ 

J 

1. SIMPLE PROTEINS. 

(a) Albu11tz'ns. 

After Beccari's discovery of the existence of a protein substance in 
wheat flour, the presence of coagulable protein was soon recognised in 
the juices from many parts of different ,plants. The similarity of this 
substance to the albumin of hen's egg caused it 'long to be known as 
albumin. After advances had been made in the study of the proteins 
the term albumin was restricted to those proteins which are soluble in J 
pure water and coagulable by heat. The animal albumins are not 
precipitated by saturating their neutr~l solutions with sodium chloride 

2* 
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nor with magnesium ,sulphate. The vegetable albumins on the other 
hand are, in many cases, precipitated by saturation with one or the 
other of these salts, and are included in the group of a,lbu.mills on the 
basis bf their solubility,in water at neutral or slightly acid reaction and 
their coagulability by heat. It is not always easy ,to decige' whether, ... 
or not, a vegetable protein actually belongs with the albumins, as it is 
difficult, in many cases, to determine whetll~r the protein sub,stance in , , 

J question is soluble in, water alone or whether the presepce of minute 
quantities of salts, bases or acids has caus~9 its solubility. Thus, some 
l~guminous seeds contain legulJ1eljn, wqich appears to be s,oluqle 'in 
pure water but is partj!!-lly prec;ipitated by long-continued dialysis. 
SU,ch precipitates, however, are not soluble in saline s,olutions and itks 
probable that they result fro!ll a deI;laturing qf the protein. Whether 
in these cas~~ d~ll~turit1g occurs before precipitatiQn, or the precipitation 
re!,u.lts from a cO!llp~ete removal of the salts and denaturing occLlrs 
a(teny<\r~s, is dimcul1; to e~tablish, and doubt exists, therefore, in regard 
to the solubility relations of such proteins. Owing to the small 
quantity in which albumins have ,thus far been obtained from s,eeds, 
and the difficulties presented in completely s,eparating them" from 
associated globulins, conclusive evidence in regard to ,the albumin 
nature of some of them has not yet been obtained. Such proteins 
must, for the present, be re~arded as albumins, since their properties 
seem to agree best with those characteristic of this group. Leucosin 
of wheat has been the most carefully studied vegetable albumin in 
respect to its solubility in, water, and it has been found to be/completely 
soluble in solutions which contain but a mere trace of mineral matter. 
Most seeds and, probably, most plant juices yield proteins which aI:e as 
well entitled to be placed in the group of albumins as any of those of 
animal ,origin. The, best characterised vegetable albumins are:-

Leucosin found in the seeds of 

Legumelin (Osborne and Campbell, r8g8,·,5) 
found in the seeds of 

{Wheat, Triticum vulgare (Osborne and Voor-, 
I hees, 18g3; Osborne and Campbell, Igoo). 
1 Rye, Secale cereale (Osborne, 1895, I). ' 
tBarley, Hor(leu11l vulgare (Osborne, 18g5, 2). 
'Pea, Pisum,sativum'(Osborne and Campbell, 

1;898, f). , " 
Horse-bean, Vida/aba (Osborne and Camp-

bell, 1898,,3). ' 
Vetch, Vicia sativa (Osborne and Campbell, 

18g8, 4). , 
'Soy-bean, Glycine hispida (Osborne and 

Campbell, '18g8, 6). 
Lentil, Ervu11I lens (Osborne and Campbell, 

18g8, 2). 
Adzuki-bean, PhaseoUts radia~J.ls ~Osborne 
, and Campbell, 18g7, 5). 

Cow-pea, Vigna sinensis (Osborne and Camp­
bell, ~97, 4). 

f' "# 

I 
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Phaselin fo'und in the seeds of 

Ricin found in the seeds of 

i Kidn\!Y-beal1, Phaseol11s vulgaris' (Osborne, 
1894; Waterman, Johns and Jones, 
192 3). 

{
Castor-bean, Ricinus communis (Osborne, 

Mendel and Harris, 1905). 

Small qua_p.tities of albumins are also found in most other seeds but 
have not been stupieq or given distinctive names. 

(b) ~tobulins . 
• 

The presenc; of protein matt\r ~plJ.l1;>le in neutral saline solution i,n 
'seeds was first shown by nenis [1\~59] apd li;\,ter confirmed by Hoppe­
Seyler. C!$66-I87I, I]. Denis fo~nd that such substances were ex..,. 
tra,cted from vegetable tissues by sqluti.on,s of sodium chloride. Weyl 
[1.876, 1877] examined a large numper of syeds and found that all of 
them cor'ltained protein soluble in soJutions of ~ddium chloride. He 
divipeq the globulin thus extracted;( into 'tw9 groups, the vitellins, • 
s.qluble in saturated'solutions of sodium' chloride, and the myosins, ·tn-., 
sol,u'ble ~herein. Vines [1879, 1880, 'z] soon after investigated the 
action of s<,llt ;;olutions on the aleurone, grains in different ~eedsand 
,proposed a <;:lassification of these based on his observations_ T,he criti­
cism made by Weyl of the results which 'Ri~thausen had obtained by 
extracting seeds with dilute alkalis led Ritthausen to apply extraction 
with sodi~m chloride solutions to a number of the seeds which he had 
previously studied, and he showed that most pf the seed proteins were 
globulins. 'fpe experience of all who hav(f since worked with the 
prdteins of seeqs has fully confirmed this concIu;;ioq. 

Globulins, as here defined, are proteins insolubly in water but j 
soluble in saline solutions'. In this group must be i,nc1uded, for con­
veriience, a large nUrI}ber of vegetable proteins which may not strictly 
conform to' this definitioq. ()sborne [1901, 2] showed that prepara­
tions of edestln trystalJised from sodium chlorIde solutiolls contain 
combined hydrochloric aciq, those from sodium sulphate solutions con:.. 
tain combined sulphuric acid. This was demonstrated by sUl?pending 
the preparation in water a[ld adding 'potassium ~ydroxide so}ution to 
neutral reaction. During the titration the edestin does not dissolve 
put yields its combined acid to the alkali. By filteriqg out. the edestin 
an a1)101,mt of potassium chloride or 'sulphate was .found in the filtrate 
closely <::orresponding to the amount of .potassium hydroxide added, 
It was' furtq.er found that when the potassium chloride corresponded 
to 0'1 C.c. of potassium hydroxide per gramme ,of edestin the prepara­
tion was entirely insoluble in water, put when greater, the edestin was 
s'oluble in proportion to the excess of comQined hydrochloric acid thus 
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indicated. When this excess was equal to 0'7 c.c. per gramme, corre­
sponding to a total acid coptent U 1'4 c.c. per gramme, all of the 
edestin was soluble in water. The free edestin as well as the edestin 
hydrochloride represented by the lower content of hydrochloric acid is 
insoluble in water but readily soluble in sodium chloride solution, i.e. 
these behave like typical globulins. On the other hand, the hydro­
chloride containing the larger quantity of acid is precipitated from its 
aqueous solution by adding a small amount of sodium chloride, but 
redissolves on adding more. It is thus evident that the soiubility of 
this globulin depends on the amount of acid combined with it as well 
as on the concentration of the salt solution used as a solvent, There 
are other proteins, e.g. legumin from the pea or vetch! which when 
precipitated from sodium chloride solutions by dialysis or dilution 
behave like globulins, but if suspended in water are completely dis­
solved when dilute alkali is added up to the neutral point to pl:lenol­
phthalein. Whether or not such proteins form salts with strol1g acids 
similar to those formed by edestin has not been definitely determined, 
but however this may be, they behave like globulins under the condi~ 
tions under which they are usually obtained. ~t seems more appro­
priate, therefore, to assign such proteins to the group of globulins 
than to the albumins, because it is characteristic of the latter to be 
soluble in water or in saline solutions irrespective of the presence of 
acids. 

Saturation \vith sodium chloride was formerly"made the basis for 
a division of the globulins into two groups, myosins and vitellins. 
Experience has shown that such a distinction cannot well be made, 
inasmuch as many of the proteins which were designated as myosins 
are, in fact, albumins, and some of those which were designated 
vitellins are not soluble in saturated sodium chloride solutions. 
Thus, the so-called myosin in the seeds of the cereals consists entirely 
of the albumin leucosin, ana the globulin of th~ castor-bean, which is 
partially precipitated by saturating its solution/with sodium chloride, 
has been found to consist not of two proteins, one of which is soluble 
in saturated sodium chloride solution and the other insoluble,. but of 
one protein which is less soluble in a saturated saline solution than in 
a more dilute one (Osborne and Campbell, 1897, 2). 

While the animal globulins are precipitated by saturating their 
solutions with' magnesium sulphate, many of the vegetable globulins 
cannot thus be precipitated, but saturation with sodium sulphate,' at 
33°, precipitates all of them as yet thus"rtestyd. The ve~etable 
globulins are precipitated by partial satura}io'n with ammonium 



CLASSIFICATION OF VEGETABLE PROTEINS 23 

sulphate at very different degrees of saturation. Although many of 
them are precipitated by adding an equal ~olume of a saturated 
solution of ammonium sulphate to their solutions, others are not 
precipitated until their solutions are nearly saturated with this salt. 

The animal globulins are all coagulated by heating their solutions 
to various temperatures. Most of tht seed globulins are only im­
perfectly coagulated by heating their s!:>}-utions even to boiling, and 
some of them can be thus heated for a vh~ long time without showing 
any apparent change. . t \ 

A number of the vegetable globulinJ can be readily obtained in -oJ 

crystals; some of them crystallise with \difficulty, and nearly all of 
those which do not crystallise are obtained in the form of minute 
spheroids. Crystallisation can be effected in various ways. Globulins 
w,hich c;rystallise readily are usually preci~itated by dialysis in well­
formed c;rystals. Such are edestin from the~hemp-seed, excelsin from 
the BraziFnut, ,and the globulins of the squash-seed, the flax-seed, the 
oat-kernel, and the castor bean. The globulin of the castor~bean is 
commonly obtained by dialysis in the form of spheroids, but frequently 

" 

mixtures of spheroids and crystals result, although occasionally 
completely crystalline separations occur. Phaseolin, from Phaseolus 
vulgaris, frequently precjpitates on dialysis in the form of minute 
spheroids, mixed with a few octahedral crystals which sometimes are, 
of unusual size and very perfect form, but colppletely crystalline 
preparations of this globulin have never yet been oBtained. Globulins 
which crystallise easily generally can be obtained in crystals by diluting 
their sodiuo{ chloride solutions with water heated to 50? or 60° until 
a slight turbidity forms. After warming the diluted solution until 
this turbidity disappears and then allowing it to cool slowly, the 
protein separates in well-developed crystals. 

Schmiedel?erg [1877] who obtained crystals of the globulin from 
the Brazil-nut, by treating its solution with magnesia and evaporating 
it slowly, considered the crystals of this substance to be tl1e mag­
nesium salt of the protein. This view of the nature of the crystals of 
this globulin was formerly accepted, and was frequently found in the 
current literature dealing with this protein, although Osborne [1892, 
3], spowed that much more perfectly crystalline preparations of this 
globulin than are described by Schmiedeberg are obtained by simply 
dialysing its faintly acid saline solutions in running water. These 
crystals are unquestionably salts of the globulin with the acid of 
the extract, and are not compounds with magnesia or any other 
base. 
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The following is a list of the, principal globulins :-

(Pea, Pisum sativttm (Osborne' and Campbell, 
I ISq8; I). 
I Horse-bean, Vida faba (Osborne and Camp-

Legumin '(Osborne, and Campbell 18g8, 5), i' bep, 18gS, 3)' 
found in the se~ds Of Vetch, Vicia 'sativa ,(Osborne and Campbell, 

I I8g8,4)· 

Vignin found in the; ~eeds of 

Glycinln found in the,seeds,of 

I L!!Iltil, Ervum lens (Osborne and Campbell, 
l 18g8,2). " 

{
Cow-pea, Vigna sine1!si~ (O,sborne and Camp­

bell,:I8g7,4)' 

{
SOy-beiln, GIYC,itte hispida (OSbOrne, and 
, Campbell, I8g8, 6). 

{Kidney~bean, Phaseolus vtllgflrif (Osborne 
Phaseolin, crYl'talline, found in the, seeds of 1S94; 'Finks and'Johns, Ig20). 

Con phaseolin 'found in the seeds of 

Conglutin found in the seeds Of 

Vicilin found in the seeds of 

Stizolobin fOlll1d in the seeds of 

Canavalin found in the seeds of 
Concanavalin found in the seeds of 
Arachin found in the ,seeds of' 
,Conarachin found'in the seeds'of 
Acerin foimd in the:seeds of' 

Corylin found in the seeds of 

Amandin found in the seeds of 

Juglan:Sin found in the seeds of 

{
Kidney-bean, Phasedlus vulgaris (Waterman, 

Johns and Jones, 1923); 

{
Lupines, LI.pinus (Osborne an" d Campbell, 

, I8g7, ,1; Osborne and Harris, 1905,2). 
r Pea, Pisum sativu'!l (Osborne and Campbell, 
! I8g8, I). " 
, l1orse-bean, Vicia faba (Osborne and Camp' i bell" I8g8, 3)· • ' 

'r'Lentil, Ervum letts, (Osborpe and Campbell. 
l '1:8g8,2), 

{

Chinese velvet bean, $tizolobiu71l niveum 
(Johns and Finks, 1918; Jones and John~, 
191 9). , 

{
jack bean, Ca1!avalia ensifor:mis (Jone~f'a;td 
, Johns, Ig1,(j). 

{
Peanut, Arachis hypogaea (Ritthausen, IS80; 

, Johns ,and Jones, 1916, 1917, I). 
Maple, ACe( saccharinum (Anderson, Ig2I). 

{
Hazel-nut, Coryltts av,ellena. (Osborne, and 

Campbell, 1S96, 5). • 

l
AlmOl1d, P.rul!tls amygd~lus (Osborne and 
, Campbell, 1S96, 5). 
Peach, Prunus persica (Osborne'and Campbell, 

,r896,5)' . 
Plum? Prpllus domestica.(Dumas and Cahours, 

1842 ). 
Apricot? Primus armeniaca (Dumas and 

Caljours, I842). 
European w<\lnut, JJtgialls regia (Osbop:1.e and 

{ 

Camppell, I896, 5)· 
American 'black wah;lUt, Juglans nigra (Os­

borne and Harris, I903, 5). 
Amer,ican butter-nut, JUf(lan,s ci1u:rea (Osborne 

and Harris, 1903, 5). 
E I' d {BraZil-nui, Bertholletia execlsa (Osborne, ISg2, 
, xce sm, crys,taIline~ found in the see S of . 3'; Weyl, I877). . 

Edestin, cry-B, talline, found in the, seeds of {Hemp~ f:dmzabis sativa (Ritthausen, I88r, 1; 
, Osborne, I8g2, 3). ' 

{
Oat, Avena sativa (Osborne, ,1Sg2,~I; Osborne 

Avenali.n, ~rystalline, found in the Eeeds of and Campbell, IS96, 5)". 

{
European chestnut, Castanea vulgaris (Barlow, 

1905). Castanin found in the seeds of 
Maysin found in the seeds of 

Tuberin found in the tubers of 

~aize, Zea mays (Osborne, 1897. 2). 

borne and Campl;Jell, 1896, 3). . {
Potato, Solci,mim .tuberosum (Zoller,.IS80; Os-

Cucurbitin crystalline found in the seeds of {SquaSh, Cucltrbita maxima (Griiblei, I8S1; 
" Osborne, r892, 3). 

~~,,"; 
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Globulins have also been isolated in considerable quantity frolll 
the. following seeds and have been the subject of more or less study , ., 
bur distinctive names have not yet been given to them :-

Globulin, crystalline, from 

" 

'1 " 
'! 

," .. 
," 
'>, 
11 

{3 
" 

" 

"I 

"v fl _" .. 
"I 

" 
" 

Flax-seed, Linum usitatissimu11I (Osborne, J892, 2). 

{ 
Castor-peaq, ,Rii;inus cOft£11Ittnis (Ritthausen, 1881, I; Os­

borne, 1892, 3). 

{
coc~a-nut,.cocos nttcifera (Ritthausen, 1880; Kirkwood and 

, Gies, 1902; Johns and Jones, 1920; Jones and Johns, 
. 1920). ' 
Sesame-seed, Sesaptu11l irtdicum (Ritthausen, r88I, r). 

{
Cotton-seed, Gossjl'fillm herbaceum (Osborne and Vqorhees, 

1894, 2}. • \ 

{
Sunflower-seed, Ilel{fmthus allnuus (Ritthausen, 1880; Os­

borne,a~<!- caw~' b(!p, r897, 3) . 
. Candle-nut, Aleu 'tes triloba (Ritthausen, I88r, 3). 
Radish-seed, Rap 'antis sativus (Ritthausen, 1881, 3) . 
Rape-seed, Brassica call1pestris (Weyl, 1877). 
Mustard-seed, Br

4
' sica alba (Weyl, 1877). 

{ 
M:ung-beari"Ph,ase Ius a~reus Roxburgh (Johns and Water. 

mao, Ig2o, 2). I ,jJ 

Buc~wheat, Fagopjrttm fagopyrum (Johns and Chernoff, 
1918). 1\: , 

, C!?hune-nut, Attal&~cohune (Johns and Gersdorff, 1920). 
"{Tomato seed, Solanum esculentum (Johns and Gersdorff, 

r922). ' ~ 

{
Adsuki bean, .pha,s~lus angularis (Jones, Finks and 

Gersdorff, 1922). • 

{
Lima, bean, Pkmieolus.lunatt!s (Jones, Gersdorff, Johns arid 

, Finks, 1922). . 

{.
Georgia velvet bean, S#zolobium deeri1lgianum, (JOMS and, 

Waterman, 1920, 1)"1 
" 

Globulins which have not yet been name,d have also. been isolated 
in' small quantity from the seeps of wheat, Triticum vulgare [Osborne 
and Voorhees, 1,893; Denis, 1859]; rye, Secale cereale [Osborne, 1895, 
r]; barley" Hordeum vulgare [Osborne, 18951 2]; rice,.Oryza sativa 
[Rosenheim and Kajiura, 19.°8]; and mai'ze, ~ea mays [Ch!ttenden 
apd Osborne, 189r -92; Osborne, 1897, 2; Wey,4, 1877], al1d m ,larger 
amount /from those of the oat, Av.ena sattva [Os80r,ne,' 189 r, r 892, r, 
r 893; Weyl~ r 877]. In the wheat-kernel mpst, If qot all, 9f the 
globulin is contained in the embryo [O'Brien, r895; Osl;>orne and 
Campbell, ~9qo], and from' analogy, it is probable that most of it 
occurs in this part of the seeds of the other cereals except in those of 
oat~, in whiCh t,Ile quantity is relatively so great that, in this seed, it 
must' form a. part' of .the reserve protein. 

(c) Glutelins . 
... 

This group includes those proteins which are not dissolved by .;I 
neutra,l aqueous solution'S; by saline solutions, or by alcohol'. The 
glutenin of wheat 1s the only well-chara~terised representative 
of this group which has yet b,een o,btainc;d. The seeds' of other 
cereals doubtless contain proteins of similar character, but, c\wipg to 
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the difficulties encountered in extracting them, no preparations have 
been made which appear to be at all definite. Wheat, rye and barley 
yield similar quantities of albumins and globulins and also nea~ly 
the same quantity of protein soluble in alcohol. Protein matter can 
be extracted frolp. rye and barley flour by treating the residue, from 
which the other proteins have been removed, with dilute alkaline 
solutions, but the preparations obtained are manifestly impure, and, 
owing to the difficulty of filtering the alkaline extracts, only very 
small quantities of any of them have been obtained. Since much 
nitrogen remains in the extracted residue, it is fair to presume that 
the greater part of it belongs to protein matter, as is the ca~e with 
wheat. From a by-product of ma,ize starch manufacture, which .is 
known as "gluten," a considerable quantity of protein can be extracted 
with alkaline solutions after the alcohol-soluble zein has been removed. 
In its products of hydrolysis this protein, called maize glutelin, differs, 
both quantitatively and qualitatively, from zein, and such prepa:rations 
as have thus far been made are probably impure preparations of the 
glutenin of this seed. A similar type of protein from rice has been de­
scribed by Rosenheim and Kajiura [1908] under the name of oryzen~n, 
which they state represents the greater part of the protein of this seed. 

After extraction with neutral s~lvents the residues of the seeds of 
most species usually contain a small quantity of nitrogen /which may 
or may not belong to protein. Alkalis usuaiIy extract from ,;;uch 
residues a small quantity of impure protein which may be either a 
protein with the properties of glutelin, or a portion of the proteins 
which failed to be extracted by neutral solvents, either because this 
residual protein was contained in unruptured cells which were after­
wards destroyed by the alkaline solution or was retained in the meal 
residue in combination with other substances, such as nucleic. acid or 
tannin, which rendered it insoluble in neutral. solution. Although it 
is possible that proteil).s of the character of glutelins are widely dis­
tributed among the different seeds there is no conclusive evidence that 
this is i,n fact so. 

The only well-defjned glutelins are:~ 

Glutenin found in the seeds of Wheat, Triticum vulgare [Osborne and 'Voorhees, I893J. 
Oryzenin fqund in the seeds of Rice, Oryza ~ativa [Rosenheim and Kajiura, I9Q8J. 
Maize glutelin found in the seeds of Maize, Zea mays [Osborne and Clapp, I908, 2]. 

(d) Prolamins. 

The group of proteins soluble in relatively strong alcohol deserves 
a definite name, for it is one of the best characterised groups yet 
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found in either plants or animals. I t has been proposed to call these 
proteins "gliadins," but as this name has been used to designate a 
definite protein obtained from wheat, some generic name should be 
adopted. The writer has proposed [Osborne, 1908, 2] calling this 
group" prolamins," since all its members which have thus far been 
hydrolysed yield a relatively large quantity of both proline and amide 
nitrogen. The prolamins are characterised by their solubility in 
alcohol of from 70 to 90 per cent. They are nearly or wholly 
insoluble iri water, but their salts with acids or alkalis dissolve 
freely therein. They yield much glutaminic acid, proline and 
ammonia, small amounts of argiriine and histidine and little or no 

. if \ 
lysme. ;, l 

Alcohol-soluble proteins were JrdQng the first recognised in seeds, 
having been described as early as l80's by Einhof as occurring in the 
seeds of .rye [1805,. 2J and barley [i806, I). Taddei [r819, r] found 
that a part of the gluten of wheat w~s soluble in alcohol, and Gorham 
[r821] reported a similar protein, wh!ch he called zein, in the seeds of 
maize. Kreusler [1869] found in the oat-kernel an alcohol-soluble 
protein, and Johns "and Brewst~r [Ihr6] showed that the seeds of 
sor,g!tum, Andropogon sorghum, also cobtain a considerable quantity of 
such protein. Rosenheim and Kajiura E\I908] lihowed that the seeds of ; 
rice contain no protein soluble in alcohol. Prolamins have thus been 
founl:! in the seeds of all the cereals that 'have been examined with the I 

exception of rice, but have never been found in the seeds of any other 
fatuil}· ·of plants. 

The prolamin of wheat, Triticum vufgare, was named gliadin by 
T~ddei [r819, I]. Ritthausen [I872, z] concluded that the aJcohol­
soluble protein of wheat consisted of .three)idistinct proteins, gliadin, 
inucedin and gluten-fibrin, but subsequent 1 vestigations have not 
suppo~ted this view [c£ Osborne, i907; Gro and Friedel, 1914]. 
The prolamin of rye, Secale cereale, is also known as gliadin, for no 
positive difference, except possibly in specific rotation, has yet been 
established between it and the gliadin of wheat [Osborne, 1895, 1 ; 
Osborne and Clapp, 1908, 3]. The prolamin of maize was named zein 
by Gorham and maize fibrin by Ritthausen. Zein has been the 
subject of special study by Chittenden and Osborne [1891-92], by 
Osborne [1897,2], and by Osborne and Clapp [1908, 2]. Hordein, 
which is the prolamin of barley, resembles gliadin in solubility 
[Osborne, r 895, 2] but differs distinctly in the proportion of the amino­
acids which it yields on hydrolysis [Osborne and Clapp, 190 7, 5; 
Kleinschmitt, 1907, I, 2; Johns and Finks, 1919]. 
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The' prinCipal prolamins are therefore:-
Gr d' f, d' tl., d f r Wheat, T.riticum vulgare [Osborne and Voorhees, I?93]· 

Ia In oun In •. e see sOl Rye, Secale cercale [Osborne, 1895, IJ. , 
Hordein found in,the seeds of Barley, Hordeum vulgare [Osborne, 18gS, 2]. 
Zein found in the seeds of {MaiZe, Zea mays [Chittenden and Osbornt;" 189i:'92; 

Osborne, 'I897", 2]. 
Kafirin found i,n the seeds of Sorg[)um, Andyopogon,sorghumDones and Johns, 19I8J. 

( e) A lbumt'noids. 

iN 0 representatives have yet been found in plants of the reinaining 
groups bf simple proteins, namely, the albumipoids, histones and, pro­
tamines. Many of the Ireserve proteins of seeds show relations to the 
albuininoicis, as ,has been a~ready pointed out, but the differences in 
their behaviour toward( solvents is so great. tp.at none of thc:m can be 
considered to belong to this group. 

e/) Hzstones. 

The farge amouf),t of basic amino-acids which mapy 0.[ the seed 
p~Qteins yield is simi,lar to that which is considered to be characteristic 
of the histones; al,so the reactions of edestan (c£ p. 62) are similar 
to those of the histones. Whether any real relation exists between 
the histones and those seed protein~ which yield a high percentage of 
basic am'ino-acids can he established only by further study. It is pos­
sible that the proteins commonly included among histones do not, in 
fact, differ so widely from other simple proteins as ha~ been generally 
supposed. ' 

(g) Protamines. 

No, substances in- any way ,similar to the protamines have ever been 
found in plants, and there is no reason to expect to find them ~mong 
the reserve proteins of seeds. It is possible that such substances occur 
'in pollen grains, but neither the early investigations by Fourcroy [1 892J, 
10hn [18.14], or Braconnot [1,829], nor the later ones by v; Planta 
[1885] of hazel pollen, by Kammann [1912] of rye pollen, by Heyl 
[1919] of ragweed pollen, or 'by Anderson apd Kulp [1922] of corn 
pollen, have given evidence gf their presence. The'se investigators, 
howev~+, mad~ no special efforts to discover protamine in pollen and 
its pr(,!sence'is, by no means excluded by t4,eir work. 

II. CONJUGATED PROTEINS. 

(a) Nucleoprotefrzs. 

The nucleoproteins deserve attention b~cause,they have been, con­
sidered to b~among the most important conslituents in the~cells of 
animals and'plants. They w'ere first describeB as existing in vegetable 
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cells by Hoppe-Seyler [1879J, who obtained a preparation from 
yeast which was very similar to those then recently obtained by 
Miescher from animal sources. Kossel [1879, 1880J next investigated 
t1\is substance and found that the phosphorus content of different pre­
parations varied widely, but ,that most of them contained about 3'5 
p~r cent. of phosphorus, which fact he regarded as evidence of a more 
stable combination containing this proportion &f\phosphorus. 

Altmann 1 [18891 discovered nucleins to b~ c?mpounds containing 
both ,nucleic acid and protein. It is difficult tp ~etermine just what 
views are now held concerning the character of the union of the nucleic 

~ 
acid and protein, but, froin what appears in theiliterature of this sub-
ject, many writer? evid!1ntly cOJ1sider nuclein t9 be something other 
than a protein lfucleate. 'Tpe ~v~ilable evideh.ce in regard to the 
nature;! of tl:ii}; \If).ion is very sC<J.pty a~d practiCalJy all that is definite 
relat~s t9 the formation of protei,q nl\cleate? It ir npt impossible 'that 
otlJ,er forms 01 unipn may. exist, but the c~n9iti9ns unde~ Which 
nucleoproteins and nuCleins have been obtained ,'make it extremely 
diffi~ult, if not\mpossible, to prove the existence '~f an organic cQm­
binatiQn' between the nucleic acid and protein. Th\'! methods thus far 
employed in isolating these substances depend on prQcesse,? which 
would yield a salt of protein and nucleic acid if t.be;;e two substances 
were present in the solution. No hydrolytic splitting of the nuclein 
thu~ obtained app.ears, to be necessary to set its comp<;ment parts free, 
unless, hydrolysis is effected with extraordinory ea,se and with great 
rapidity. Furthermore, the experiments of Milroy l! ~and Lobisch 3, 

show that artificial mixtures of phosphorus-free prot~i_n and free 
nucleic acid yield products which have the properties usually con­
s'idered to be characteristic of the nucleins, although from the conditions 
oftheir, production these artificial compounds could have been notliing 
other than protein nucleates. 

Such ,preparations of nucleoproteins as have been obtained froll} 
vegetable sources can, in the writer's opinion, be considered only as 
protein nucleates; and they in no sense represent actual constituents 
of the vegetable cells, although it is not at' all impossible th,at similar 
products may exist there. 

1 Altmann,~. Ueber Nitc.leinstiurm. Archiv. fiir Amit. u. Physiol., physiol. Abth., 
1889, 524-536• 

2 Milroy, T. 'H. Ueber die Eiweiss- Verbindungen der Nucleinstiure und Thyminsiiure und 
ihrc Beztehung zu den Nucleinen und Paranucleinen. Zeit. physiol. Chern., 1896,22,307-326. 

3,Lobi;ch, Wilhelm. ([cber lYuklcinsiiure - Eiwessverbilldungen unter besonderer 
Berucksichtigung der Nukleinsiiure der Milchdruse und ihrer angeblichen Beziehlll(g ZUT 

Kaseinbildung. Beitr. chern. Physiol. Path., 1906, 8,191-2°9., 
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The only extensive study of the character of the" nucleoproteins" 
obtained from plants which has been made since the true character of 
the nucleic acids has been established and the basic properties of the 
protein recognised, was that of Osborne and Campbell [1900], who 
obtained from the wheat embryo a large number of products which 
consisted of protein combined with very different proportions of 
nucleic acid. The aqueous extract of wheat embryo contains much 
nucleic acid which was first isolated by Osborne and Harris.l 

The freshly prepared aqueous extract of the embryo-meal is l1eutral 
to litmus, alkaline to lacrhoid and decidedly acid to phenolphthalein. , 
If heated at once in a water bath to g8° no coagulation occurs unles~ 
a very' little acid is previously added. On standing at the room 
temperature for a few hours, prot~cted with thymol, the extract 
gradually becomes more acid, and, if then heated, a large coagulum 
forms between 50° and 55°. f 

In consequence of this continuous development of acid in the 
extracts, the conditions which determine the proportion i,n which bases 
and acids can combine are constantly changing, and, as the proteins 
are polyacid bases and nucleic acids are polybasic aciqs, many different 
salts may be formed under the various existinS' conditions. We must 
therefore e'xpect to find the combinations of protein and nucleic acid 
which separate from the extracts of the embryo-meal under varying 
conditions to contain different proportions of these two substances; in, 
fact, just such products as Osborne and Campbell [1900] obtained, for 
details of the preparation ·of which the original paper must be consulted. 

From extracts of the wheat embryo the nucleic acid separates in 
combination with two distinctly different proteins. In each case the 
protein exerts a controlling influence on the general properties of the 
compound formed, those compounds containing the albumin, leucosin, 
having in the main the properties of albl,lmin, while those containing 
the globulin have the properties of this group of simple proteins. In 
this respect the protein nucleates behave much like the hydrochlorides 
or other salts of the simple proteins. 

So far as the writer's experience has gone, no evidence shows that 
any of the preparations of so-called nudeo-proteins from plants are 
anything else than protein nucleates formed during the process of 
extraction and precipitation. 

It is clear that definite statements based on a study of isolated 
products have no value in respect t.Q. the actual occurrence of unucleo_ 

• ., 
1 Osborne, T. B., and Harris, I. F., Die Nucleinsiiute des Weizmem bry os. Zeit. 

physio). Chern., IgO::l, 36, 85.r33. I 
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proteins in plal1ts. Concerning the evidence of the existence of such 
compoupds' which is furnished by microscopic observations of stained 
tissues, nothing will be said here, for this lies outside of the scope of 
this monograph as well as of the personal experience of the writer. 

F.J;om such knowledge as we now possess it is evident that, at the 
most, only sma11 quantities of nucleoprotein exist in the entire seed, 
and that this, if present, will be found chiefly in the tissues of the 
embryo in which the nuclei of the ce11s k","e far more abundant than in 
the tissues of the endosperm. N ucleop~ot~ins have been described as 
constituents of fungi and bacteria~ lJut nQ c~itical study 0.£ any of these 
has yet been,made [cf. Nageli and Loew,~ 1878; Hoppe-Seyler, 1879; 
Kossel, 1879, 1880, 1881; Klinkenberg~ 1882.; Stutzer, 1882; Van­
devel4e, 1884; Liebermaim, 1890; Gottst:~in, 1,893 ; Malfati, 1891-92; 
Lascbe, 1895; Galeotti! 1898; Wroble..yski, 1898; Ruppel, 1898; 
Ascoli, 1899; Iwanoff, 1902; Tiberti, 1992J 

(b) Glycoproteins.. 

Little that is defilJite can be said codcerning the occurrence of 
glycopr6teins in plants. It is certain that 'many of the known seed 
proteins do not belong to this group, for they give no Molisch reaction 
and therefore contain no carbohydrate. Kra}Vkow [1897] obtained an 
osazone from "pea albumin," but in the absence of conclusive' 
evidence that the preparation of this "albumin" was free from ad­
mixed carbohydrate, little importance attache.s to this observation. 
Ishii [1894] described a substance obtained from the tubers of yams 
which had physical properties and an ultimate c\.mposition similar to 
the muci~s of ani~al origin. As he makes no st~tements concerning 
the presence of carbohydrate in his preparations, its' relations to the 
true Ipucins are yet to be demonstrated. Wroblewski [1898] has 
stated that mucin is one of the constituents of yeast, but gives no 
experimental evidence of this. Several observations are on record 
indicating that many bacteria produce a mucin-like substance in the 
culture medium in which they grow, but such substances are hardly 
to be considered as vegetable proteins. 

(c) Phosphoproteins. 

Jt seems to be believed by many writers on vegetable proteins 
that a large number of the proteins of seeds contain phosphorus and 
consequently should be assigned to the group of phosphoproteins 
[cf. Wiman, 1896-97]. The fact that the reserve food protein of the 
egg-yolk consists largely of such a phosphorised globulin-like protein, 

I 
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and that the protein of, milk consists chiefly of the phosphorised casein 
belonging to this group, has apparently led many' to assume, by 
analogy. that a large part of tl:;le reserve food prote,in of seeds c¢nsists 
of similar substances [ef. Czape)<;, 190 5, p. 59]. 

Hoppe-Seyler [1866-JI, I} suggested that in the nuts of Ber­
th;;lletz'a and the seeds ,of Pi sum. sativum proteins similar to the 
vitellin of the yolk of hen's eggs may occur, but he based this sugges­
tion solely Oll the fact that l:;le had extract~d a lecithin-like substance 
from crude preparations obtained from these seeds. He says nothing 
'of the,. 'pre~ence of phosphorus in'the protein which remai~ed after 
extracting' with warm alcoho,l, and consequently ~ives no evidence 
which sl:;lows these to be vitellin-like proteins. 

'In discussing the relations of edestin to acids it was shown in the 
first ed,ition of this IT).onogra_()h that the preparations of) crude edestiri 
whicl:;l were obtained by a single precipitation from the extract of the 
,seeds, contained a small amount of phosphorus, Which, however, 
dis'apreared completely after reprecipitation' by dialysis.qr by dilution. 
Tht< crude prepar~tions of most ~eed proteins, like tl].ose of edestin, 
contain traces, of phosphorus, but, when purified; by repeated pre­
cipitation, they are obtained phosphorus-free. The vitellin from the 
yolk of hen's eggs or casein from cow's milk under, these conditions 
retain their ph9sphorus completely and in this respect differ in a 
marked degre~ (rom all known vegetable proteins. No good 'evi~ence 
has therefore b\!en, obtained to, show that phosp}:loproteins occur m 
plants, and if th,\!se occur at all it is only in very small quantity., 

(d) H cemoglobins. 

Kylin. [191.0] has suggested that a Close re1~tion may ~xist 
bet.ween the crystalline 'coloured protein, phycoerythrin and ha!mo­
globin, al~hough. he offered no chefl).,)cal evidence to support this view. 
Since he states, that the colo~rea component of phycoerythxin is 
liberated by a9id hydrolysis and, ca,n then"be extracted from the solu­
tion by amy~ alcohol 'the possibi~ity must not be overlooked that this 
complex pr()tein may contain some derivative of !lavone, in this respect 
resembling the type of c01l1ple~ proteins which the investiga,tions of 
Osborne, Wakeman and Leavenworth [1921] hav~indicated may occur 
abundantly in the alfalfa plant. This suggestion does not ~eem un­
reasonable since phycoerythl,;in is obtained from the tissues of the entire 
marine plant, Cera'mium rubrum, and by analogy its proteins might be 
expected to resemble tftose of green I~md plants more nearly than those 
from other vegetable sources. 
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(e) Lecithop1'oteins. 

Lecithoprotein~ h,ave not beel} i!iolated from plants, and satisfactory 
evidence of their existence has. not yet been brought f()rward. Schulze 
and Likiernik [1891] and, Schulze and Winterstein ,[1903] assufi).e the 
presence of lecithalbumin in seeds from the fact that, a part of the 
l,ecithin always remains undissolve}l when the powdered seeds are 
extracted with ether. 

Hoppe-Seyler [1866-71, I), as stated on p. 32, obtained a 
lecithin-like substance fr~m crude preparations of· the proteins of the .} 
Brazilcnut and. ,pea, but hi~\l;>rief statement is not sufficient to warrant· 
the conciusion that this le~it~in was anything' other than a contamina­
tion, of the preparations which .he examined. 

~. 

\ , 
IlL DERIVED PROTEINS. 

t 

r. FRIMAR~,I:FROTEIN DERlv'ATWES • 
• 

The members of the va;\ous groups of derived proteins are all 
represented by correspondillg products obtained from vegetable 
proteins. ", 

2. SECOt"DARY P~OTEIN DERIVATIVES. 

(a) Rroteoses; 

The first observation which indicated the presence of proteoses in 
seeds was made by Vines· [1879, 1880, I) who obtained a proteose-like 
pr,oduct from lupine-seeds which he called "hemialbumose." He, 
also noted the presence of a similar 'l>ubstance .in the seeds of yetch, 
hemp and flax. Schulze 'and Barbl{ri FI88 I,. 2) soon ~(terward~ 
exaIp,illed a nun.tber of different parts 'of many' kinds of plants, and 
concluded from the results which they obtained that plant juices and 
extracts often contain ,i peptone" (proteose?) in small quantity: Even 
during germillation they found only a small quantity of "peptone," 
and stated that a storing up of' this substance does not occur. They 
cOl)firmed an earlier ob,servation of Kern [1880], made on lucerne and 
vetch hay; that plants contain ferments which hydrolyse protein during 
extraction, Products having the solubility relations characteristic of 
proteoses have been frequently found in the extracts ()fseeds after the 
othel' proteins haa been removed. Whether thesl:: proteoses were 
original constituents of the seeds or resulted frOln ,the action of 
proteoly~ic enzymes is still an open question, for it is extremely 
difficult to conduct the extraction of the seed and separation of the 
other proteins in such a way as certainly to exclude the formation of 

3 
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proteoses. That changes occur in seed extracts is shown by many 
facts already recorded. Osborne [1892, 2] found that the extract of 
the flax-seed yielded a nearly constant quantity of diffusible non­
protein nitrogen during several days' dialysis. The fact that the 
amount of nitrogen diffusing during the first dialysis period was only 
about one-half of that diffusing during the subsequent equally long 
periods is evidence that this nitrogen did not exist as such in the 
seed but was formed from some other substance, presumably protein. 
He has also found more non-protein nitrogen in the dialysate from 
extracts of the seeds of Phaseolus made at 20° than in extracts made 
with solvents heated to 70°. 

That the proteins in many extracts undergo changes in the process 
of purification is shown by the constant loss of material whiC;h is so 
frequently met with. A striking instance of this was encountered by 
Osborne and Harris [19°5, 2], who subjected 600 grammes of crude 
conglutin from the yellow lupine to fractionation with. ammonium 
sulphate and finally separated the different fractions by dialysis.. Al­
though the mechanical losses during these operations were small, only 
314 grammes of conglutin were recovered. According to Mack [1903, 
1904] Jhe seeds of the yellow lupine contain an enzynie ·which at 
neutral ~ acid react!on attacks the protei.n, and it. is probable that the 
large loss)of conglutm was due to the actlOn of thiS enzyme. 

As the formation of proteose would ahnost certainly accpmpany the 
formation of diffusable products which do not give protein reactions, 
the proteoses found in the extracts cannot be considered to be original 
constituen~s of the seeds untiJ more convincing evidence is obtained 
than anyr~s yet given. 

On {he other hand, such preparations of proteoses from seeds as 
were ~Jed by Wells and Osborne [1915j were found to be highly 
anaphiIactogenic, in marked contrast to proteoses produced by en­
zyma5ic hydrolysis. This observation is difficult to reconcile with the 
view:that the proteoses found in the extracts of seeds are the prod.uct 
of the action of the. enzymes on the other protein constituerits of the 
seed. 

(b) Peptones. 

The facts which lead to the uncertainties respecting the pre-existence 
of proteoses in seeds apply also to the pepfones. The most elaborate 
investigation of this subject has been made by Mack [I904], ,who ob­
tained peptone from l.upine-seeds under conditions w:hich he thought 
entirely excluded its formatio'Fr. by enzyme action. He worked with 

" 
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very large quantities of seeds and employed Siegfried's method .of 
isolating and purifying peptones by means of ferric-ammonium alum. 
The several products obtained had a nearly constant composition and 
when hydrolysed with hydrochloric acid yielded lysine, arginine and 
glutaminic acid. 

By artificially digesting vegetable proteins with pepsin or trypsin 
proteoses and peptones havy been obtained by Chittenden [I894] 
Chittenden and Hartwell [I890, I89I], Chittenden and Mendel [I8941 
Chittenden and Smith [I 890], anb\ many others. 

I \ 
(c) .i!ep.tz"des. 

Only two well-characteri,sed ~I'!p~ides have thus far been obtained 
from seed proteins. I.'he first of t~hese was a dipeptide of proline and 
phenylalanine, whiC;h Osbome anctClapp [I907, 2] isolated from the 
decomposition, products of gliadin ~hich had been hydrolysed by boil­
ing with 25 per cent. sulphuric acid Sor many hO,urs. This peptide was 
obtained in beautiful mother-of-pearl crystals of definite form, and 
yielded a copper salt, the crystals bf which were so large <;lnd well 
formed i that the measurement of their angles, served to definitely 
characterise the substance. By hydrolysis in a sealed tube with strong 
hydrochloric acid it yielded proline ahd phenylalanine in mol~cular 

proportions.. The identity of this peptide with a synthetic l-propyl­
I-phenylalanine has been established by Fischer and Luniak.1 

fischer and Abderhalden [1907] obtained l-leucyl-d-glutaminic acid 
from gliadin by partial hydrolysis at the room temperature with 70 per 

'\ 
c~nt. 'sulphuric acid for sixteen. hours an<\ then for three days in an 
incubator. This peptide agreed in prpperties with the synthetic 
product. \ 

1 Fischer, E., and A. Luniak. Synthese von Polypeptiden : XXXI I. Derivate des I-Prolins 
:l1!d des Phenyl-alan ins. Ber., 1909,42, 4752-4759. 



CHAPTER V. 

THE RELATION OF PR6TEINS TO AqDS AND BASES. 

By L. J. HRNDER1?9N, PH.D., SC.D. 

IN their relations 'with acids and oases, proteins behave as if there 
were present in the molecule a considerable number.ofacid radicals of 
various degrees of strength, and a considerable number of similar 
basic ,radicals. In solutions. which are sufficiently acid these basic 
radicals must be completely combined wit~ acid, and,the acid radiyals 
must be completely' free. On the other hand, in sufficiently alkaline 
solutions the acid radicles r'p.ust be completely combined with bases, 
and the basic radicals must be completely free. 

Accordingly, it is apparent that there must be a reactioq, or a zone, 
between the state of complete combination with acid and that of 
complete coin bin at jon with ba~e, in which there is no. combination 
either with acid or with base, or else in which such combination is a 
p11mmum. In paJticular, 'there must be a _l)oint at which the ionisation 
of the protein through its acid radicals and that thJough, its basic 
radiqds are equal. As a first approximation this may be considered 
the isoelectric point, for under' these circumstances the protein will 
move neither to the anode :nor to the cathode. 

At this point and in its neighbourhood the.solubility is likely to be 
a minimum, for in the case df proteins [Cohn, 1922] it is probably the' 
undissociated molecule which chiefly detyrmines solubility, the ions 
being relatively soluble substances. 

The isoelectric point or zO,ne may fall at an add, neutral, qr alkaline 
reaction, according to the relative number and strength. of the acid' and 
basic groups bf the molecule. Thus, if the acid groups be numerous 
arid strong, and the basic groups less numerous and weak, it is evident 
that the is.oelectric state must occur at an acid reaction. Moreover, in 
case both acid and ba?ic radicals are all weak, there will be a'wide zone 
of reaction thtougqout which the protein will be very slightly combined 
with either acid or bas¢" and within which, asf,r first approximation, it 

6 ., 
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may be regarded as free from such combination, At the exact iso­
electric point this hypothesis may be a very close approxImation to tne 
ruth. On the other hand, in case certain acid and basic radicals are 
,oth of somewhat greater strength, the zone within which there is little 
Ir no combination 'with acid and base may become narrow, or may 
'an ish entirely, so that even ~t the isoelectric point the protein rpay be 
,resent; in some degree, both, as a salt of acid and as a salt of base, 
Jnder these circumstances, the iso~lectric floiN will be chara~te:ri~ed -
'y the presence both of ,[ree protem and of sal\f of the protem wIth 
'oth acids and bases, but these salts must ~e \onised to the ~ame 
x~L .' ~ 

There is much evidence that therelations o~ proteins to acids and 
lases may be interpreted in'terms of the above !\ypothesis. We may 
herefore now turn to quantitative considerations. 1 These lead'theoreti­
ally to, a discussion of acid-base equilibrium in the presence of large 

~ .. 

lUmbers of add and basic. radickls;' experimentally they lead to, the 
we:!stigat,ion of titration curves~ \ 

Iq tht:; solutiohofaweak monobasic aGid? which i~ partly neutralised 
rith bas;, the mass law implies the equation '\, 

[ll] = k., cOl1cef).tra~il?n.of free acid 
concentration qf salt 

;here k, the apparent ionisation constant, is slightly greater than the 
rue ionisation constant of the acid. This is an approximation whic)J. 
las proved to possess a rather high deg~ee of accuracy. t; Now, let c 

epresent the total cOl).centr:ation of free acid plus combititd acid, a~d 
. the concentration of ,combined acid, that is to say" of salt.':\. 

Then 

'r 

* [H] k. c - .xc 

x"= 

x 

+ 
[H] 

1+ T' 

This law also holds in many cases for each acid in solutions contain-
19 more than one acid. Let tl}e total concentration of each of several 
cids be equal (as they tn~st 'be if they are radkals of a protein 
10Jecule), and, as above, designate their concentration by c J' let 

1 Henderson, L. J. [)as Gleichgewicht zwischen Basen lind Siitlrm im tie7isc~m 
'rgantslnus. Ergebn. Physio!., Igog, 8, 254-325. 
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Xl! x2.,XS' represent the concentration of base combined with them, 
and k1, k 2• k s• • • • their respective apparent ionisation constants. 1 

Then the relations hold 

C 
Xl = + 

[H] 
+k' 1 

c 
X 2 + 

[H] 
I +T' 2 

c 
%.' :I + 

[H], 
+ k' etc. 

s 

Evidently the total concentration of base combined with all the acids 
is given by the sum of all the x's. 

~x = Xl + x 2 + X3 + 

or $x = 
c c c 

+ ~--+- + ---+- + 

I + 
[H] [H] 

1+--
k2 ka 

Let c = I and assume that there are just three acid radicals in 
question and that kl = 1 X 10-8, k2 = I x 10-9 and ka = I X 10-1°. 
Then approximate computation yields the following table:-

TABLE 1. 

THEORETICAL CAPACITY TO BINI:! BASE. 

H] 10_IN lO-~N lO-GN 10- 7N 10-8N 10.,.-9N 10 -IoN ro-llN ro-~2N 1O- 18N 10 -14N 

'1 
:"2 

'3 
Sx 

'001 '01 'og '5° 'gl '99 '999 1"00 roo 1'00 
'001 '01 '09 '50 '91 '99 '999 1"00 roo 

'ooi: '01 '09 '50 '91 '99 '999 roo 

° 0 '01 '10 '60 1"50 2'4° 2'gO 2'99 3'00 3'00 

The case of weak bases may be treated in an exactly analogous 
manner. Let fl' f2' f3" • • represent acid combined with several 
weak bases to form salts" k'I' k' 2' k' 31 • • • the corresponding ionisation 
constants of the bases. 

1 For a full discussion of such considerations compare Henderson, Ergebn. Physio!., 1909, 

8, 254'325 f'Sorensen, ibid., 1912, 12,495 'f'-and Michaelis, Die WasserstojJionenkonzentration, 
2nd edition. Berlin, 1922. , " 

I , . 
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Then 
c 

)11 = ----

Y2= 

[OR] 
l+~, 

c 

and 

'. or ~ c c' c 
+ • + + ,-

[OR] + [~] [OR] 
I + -.v- I I + -:v-

1 2 3 

As before, let c = I, Assume the following values :.,-

Thef.1 taking account of the fact that, approximately, , 

computation yields the following table :-

TABLE II, 

THEORETICAL CAPACITY TO BIND ACID, 

+ 
[R] IO- 9N 10,-81:'1 IO- 7N IO- 6N IO- 5N IO-'N IO-SN IO- 2N IO-lN 10 ON 

[OR] w- 5N ,~p-6N ro- 7N ro-sN ro- 9N ro-loN w-llN ro- 12N ro- l3N w-"N 
'001 'or '09 

'oor 'or 
'001 'or 

o 'or 'II 

'50 
'09 

'09 
'68 

'91 '99 '999 1'00 1'00 

'50 '91 '99 '999 roo 
'50 '91 '99 '999 roo 

1'91 2'81 2'98 3'00 3'00 

These two tables may now be brought together by considering 
the va\ues Of $x and $y, the total concentration of base and of acid 
neutralised at different hydrogen Ion concentrations by the acid and 
basic radicals respectively ;-
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TABLE ,lII, 

pH 0 I 2 3 4 5 6 7 
+, 

[H] ro ON IO"IN ro- 2N IO- 3N ro- 4N Io-·N 'IO-,6N IO- 7N 
::::!x '00 '01, '10 
::::!y 3'00 3'00 2'g8 2'81 1"gI '68 'II 'or 
::::!x'- ::::!y -Too - 3'00 - 2'g8 - 2'SI - I,'gI - '68 - '10 'og 
::::!x + ,Sy 3"00 3"00 2'g3 '2'81 1"gl "68 "12 'II 

pH 8 9 10, II P 13 14 
+ 

10 -1,4N [H]. IO- 8N IO- 9N IO-ION IO-llN IO- 12N ~0-13N 

::::!x "60 1'50 2"40 2'go 2"gg 3'00 3"00 

~ '00 

~x,- ~ '60 1'50 2'40 2'90 2'99 3'00 3'00 
,Sx + ~ '60 ~'5° 2'40 2"go 2',99 3'00 3'00 

OQyiously Sx - ~.y represents net values of' base (positive val\.les 
of ~x - ~y) or of acid (negative values'of $x - ,$y) in combination 
at the designated hydrogen ion concentrations, These re'sults permit 
the construction of a theoretical titration curve ,(Fig, I), On t~is 

" 
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0 E Ll 6 8 10 12 14=pH 
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Ftp, I,-Theoretical titration curve, , 
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curve the dotted lines complete the values of the two separate curves 
of ~% and ~y. 

h will be seen that the point at which the combination with acid 
plus,the combination with base ctx + ~y) is a minirri,~m corresponds 
at least very closely with the point at which thy net awount of salt 
forma~ion (%(: - ~y) is Q. Tbis point must also be at least very 
nearly identical with the 56-called isoelectric point, because the salts 
must .ionise to nearly the ~am¢ qnlount. Tlierefor~, t11e sum of the 
positiv~ and negat .. ive ele<;:txical charg~s of the molecrl~ will, oth<;:r 
things' being equal, be equal. i 

E~,t\!ndil1g t9 eitber s~de of this point ,there is a zpne, say from 
+ . + ~ 

[}:I] J, ~ x 10~7N t? [H] = 1 x Iq-6N, through whicq the amount 
of saft formation (sal~S' pf acid radicals plus salts of basic radicals or 
~x + ~y) is of nearly the sa:me magnitude as at the isoel,ectric point. 

The position. of 'the .isoelectric pointj in this hypothetiCal case is 
evidently dependent ~pon the fact that an acid radicil 'has been 
assumed to be' present which iis sfronger than any of the hypothetical 
basic radicals. It is also eviden.,t that ip this c,ase th~ strdpgest acig 
radical and the strongest basic radical are alpne. respppsible for 
determining the position of the i$qe1ectric point. 17hus in' a simple 
amphoteric substance, for' which kA = I X ~0..i8 and kB = i' X ro- 9, 

we fihd from tl).e foqi:lUla l :,-

1
/i;:- 110-8 -

I - - k - -- 10- 14 - '10-13 
- k

B
·• W - 10-9 • - '" , I 

\ 
or, 'in words, the value o~ pH for the isoelectric point is 6·5. \ 

Further study of ,the tables .shows that the amount of salt formatio~ 
at the isoelectric point may be quite different under other circuin.~ 
stan'ces. Thus, if the strongest acid radical and th,e strol)gest b;;tsic 
radical were left oli-t f,xom the above case, there would be little change 
~n the isoelectric poi1),t, but at ~hat poin.t salt formation would be 
almost entirely lacking, and the zone of very slight (ialt formation 
would be much wider. 

On the other hand, the addition oranother acid radical of apparent 
ionisation cOn(:ltant k == 1 x ro-7, and .~!1other basic radical of ap­
parent ion,isation coh,stant k' = 1 X 10-8 would also leave t\1,e '~so­
electric point p.early \It:Jchanged but would lead to a condition, in which 
there must always exist, even 'at the isoe1ectric point, a considerable 

I Michaelis, L .. Die WasserstoffionenkonzentratiOl~, 2nd edition. Berlin, Springer, I922, 

P·57· 
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amount of salt formation, The following table and 
this case:-

TABLE IV, 

0 1 2 3 4 5 
+ 

[H] IO oN 1O-iN 10-2N IO-3N 1O- 4N w- 5N 
:Sx '00 '01 
:sy 4'00 4'00 3'98 3'80 2'90 1'59 
:sx - :sy - 4'00 - 4'00 - 3'98 - 3'80 - 2'90 - 1'58 
:sx + :sy 4'00 4'00 3'98 3'80 2'90 1'60 

8 9 10 II 12 
+ 

[H] IO- 8N 10-9N 10-lON 10 -llN IO- 12N 
:Sx 
:zy 
:sx - :sy 
:sx + :sy 

4 

3 

Cl 
G 
<I:: 2 

2 

4 

1'51 
'or 

1'50 

;"52 

0' 
10'· 

2'49 3'40 3'90 3'99 
'00 

2'49 3'40 3'90 3'99 
'2'49 3'40 3'90 3'99 

\ I 

~ 
\, 
~ , 

I\, ..... ~ 

-"'\ 
'\ 

f\ 

\' 
\ 
~ 

2 4 fa 8 ID 12 
10·t 10'· 10'· 10" 10"· 10'1' 

,_ 
FIG, 2. 

Fig, 2 illustrate 

6 7 

10- ON 1O- 7N 
'10 '60 
'61 '10 

- '51 '50 
'71 '70 

13 14 

IO-'13N 10-,14N 

4'00 4'00 

4'00 4'00 
4'00 4'00 

14=pH 
10"4 "'[W] 

No doubt under such conditions the acid and basic radicals of the 
protein will react with each other jn important amounts, No doubt 
also there is a limit to the strength of aCid ail, ,d basic radicals which 

" 
I 
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can be present simultaneously in the same molecule. But in the case 
of oxyh;emoglobin 'we know a substance whose isoelectric point is 
very close to neutrality, which contains at least one acid radical so 
strong that its ionisation constant is not far from I x 10-7•1 Hence 
it must also contain at least one moderately strong basic radical. 

It is useful to compare the curv.es of Fig. I and Fig. 2, not 
forgetting, however, that the second ~\J.rve is longer because, of the 
larger number of acid and basic radiddSt involved. Apart from this 
differen,ce, which i,s a matter of scale, i\ i~ easy to see that the second 
curve is smoother. This difference is ~\simple result of the theory of 
buffers. . \ 

In general, it may be said that the presence of an acid or basic 
radical of a given ionisation constant reve~ls itself by steepness of the 
curve at the hydrogen or hydroxyl ion cbncentration corresponding 
in numerical value to the tonstant. rhus lpe sinuosities of a titration 
curve are direct indications of the ionisation constants of the radicals . , 
which are being titrated, and a smooth cunre is proof of a regular 
distribution of the values of these constants'throughout the range of 
reaction u~der observation. Needless to say titration curves may;be 
constructed theoretically which possess, within, cel,"tain limits, almost 
any desired form, and even those that have bee,n determined experi­
mentally vary widely. Their most significant properties are the point 
where 4~ - $y = 0, the slope in, this neighbourj:lOod, and then the 
slope in other portions of the curve. It should., be observed that 
symmetry is not to be expected, though it may be ~Qmmon. 

Two important questions now arise: How far does the behaviour 
} 

of proteins, especially when titrated with acids and bases, correspond 
with the above theoretical considerations? To what extent are we 
justified in drawing the conclusion that such correspondence as may 
be observed between theory and experiment is an indication· that the 
theory is well founded? It must be confessed that these are difficult 
questions. 

Trustworthy experimental evidence that proteins combine chemi" 
cally with both acids and bases was in hand long before the develop­
ment of modern theories of ionisation.~ To this may be added the 
evidence from Fischer's researches on the constitution of the protein 
molecule, which is, to say the least, consistent with the theory that 

1 Henderson, L. J. The Equilibrium between Oxygen and Carbonic Acid in Blood. 
J. Biol:Chem., 1920,41,401-430. 

2 Sjoqvist, J. Pltysiologisch-chcmischc Bcobachtungen fiber Salsstture. Skandin.\Arch. 
Physiol., 1895, 5. 277-376. (Good bibliography of older literature.) 
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occasionally free acid and basic radicals must o¢cur. During later 
years a large amount of evidence has accum,ulated which fully 
establishes the capacity.of' 'proteins to form salts with both acids and 
bases. There is, in th~ nrst place" the information qerived, from such 
observations as thos~ of Osborne on edestin [1901, 2; I902,2]. 

Thus, pure edestir., from hemp-seed, wl!(fr1 free .from combined 
acid or alkali, is entirely insoluble in water, but in the presence of' a 
very little acid, anp in, the complete absence, of salts, i't promptly 
dissolves to a clear solution. From such. a solution the edesti~ 'i,s 
readily precipitated by the addition, df a ,small quantity of a neutral 
salt, e.g. sodium chlpride, and the fact that the edestin has precipitated 
in combination with. the acid is conclusively shown by ,the behaviour 
of this precipitat(f. When such a precipitate is washed thoroughly 
with dilute alco~ol, until all the sodiulV chloride is removed, al1d is 
.then dissolved in water, a definite quantity of potassium hydro?,-ide 
is required to render the solution ne4tral to phenolphtha:lein. When 
thus neutralise<;l, the edestin is completely precipitated, and can ,be 
'removed fr9ffi the solution by filtration. If this solution is then 
evaporated to dryness it leaves a residue of potassium chloride 
containing nearly all of the alkali originally employed for neutraU?ation. 

Further accurate analyses proved that, under constant conditions, 
the amount of acid combined with edestin was always nearly constant· 
Moreover, the amount of acid required just to dissolve pure neutral 
edesiin is, approximately eqljal' to the amount in combination with the 
s9luble edesti'n of ordinary edestin preparations. This is just double 
the a,mount of acid com bined with the insoluble portion o( the protein 
in such preparations. Frol)1 these observations of Os,borne's the 
conclusion is inevitable that acid is being neutralised by the protein in 
accordance with ordinary chemica] laws and there seems 'to be no 
reason to doubt that definite salts containing Jacid and protein in true 
'stoichiometrical ratios are being formed; Equ<1.11y convincing evidence 
of salt formation may pe found in the literature of' animal proteins. 
Among other researches those of L. L. Van Slyke" and Bosworth,l 
are especially interesting; they deal with the behaviour. of casein. 

In the case oftuberil1 an unpublished investigation.of E. J. ¢ohn's 
makes the latter conclusion perhaps even mOre certain. In this 
experiment pure tuberin suspensions wer~ treated with small but 
widely varying quantities of sodium "h'Ydrfi,te solutions. After 
equillbrium )lad been obtained, the solutiot}s Were filtered ane! t}).eif 

I , 
1 Van Slyke, L. L., and f\.. W. Bosworth. Preparation a!!d Properties of Unsaturated 

or Acid Caseil1ates and Paracastinate~ J. BioI. Chern., 1913,14, 211-225. 
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nitrogen content determined. the data, somewhat irregular because 
of the difficulty of est~blisp.ing eq4Hibrium, are given in the following 
table and on tl;l.e accompap,Ylng diagram (see !lext page). 

T~,BLE, V. 

SOLUBILITY OF TUBERlf, 
I \ 

Mg.N c.c. l'!. Nr'l 
10 IO"C.C. Filtrate., 

100 "\ 

0'80} 

added per 10 c. S<i{,ut,ion. 

°'78 0'05 ~ 
0',80 ' 

1\ 

I'28} 
It" 

1'30 0'10 
1:59' ' 

1'65} 'I 
I 

1'55 0'15 
, ! 1'54 11., ., 

',I 

2'73} 
2"46 0"20 
2'70 ' 

3'47} 
3"60 0"30 

It ~s evident that, regardless of the amount of bf!.s¢ (protein l;>eing 
pr.esent in eX'tess), and therefore, within a certain zQl1e, regardless of 
the true reactioh, of the solutions, thet;e is a very satirfactofy coqstancy 
in the ratio of dissolved protein to base. Allowal).ce shoulci be mage 

I 

for the, solUtioh of a little free tuberin. This can oryly' be interpreted, 
so far as, I a'm aW,are, as salt formation in the stricte;;t sens~ of 'the 
wq,n:l. It may l;le added that ,the same investigatpr has obtained 
strictly ana16g-qus results of a high degree of accuracy with casein. 

Nevertheless, it may be doubted if the preparation of perfect prot~in 
s~l~s is usually attainable, for there is reason to suspect that the success 
recorded' above depend~ upon the careful use of a two~phase 'system 
anq, upon other favourabJe conditions. Inspection of Tables I. and It 
of this chapter will convince the reader that frequently, and perhaps 
n~arly always, the neutra.lisation of an acid or basic radical of a protein 
molecule can hardly be <;;ompleted before that, of another begins. 

The difficulty may be i114stl'ated by considering the ne~tralisation 
of phosphoric acid, Here there is a narrow range of reaction within 
which the first hydrogen is not quite neutralised, though the neutra1isa~ 
tion of the second has .alrea,dy beg'un. In othe'r words, large amounts 
ofNaH 2PO. cp~exist with small amounts of both HaP04 and Na2HP04. 
There is also another narrow raqg'e within which large amounts of 
Na2HP04 co-exist with small a~ounts of NaH2E'04 and of Na3P0

4
• 
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The case would be different if the three ionisation constants of phos­
phoric acid were more nearly of the same order of magnitude. Then 
all four substances H 3P04, NaH2PO~" Na2HP04 and Na3P04, with 
their ionisation products, might exist together in solution. In the 
presence of a much larger number of radicals thus overlapping a con­
dition of almost inextricable confusion is to be expected. From such 
a situation only the most skilful use of all available tricks of manipula-
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FIG. 3. 

tion is likely even occasionally to separate a per:fect salt, i.e; a 
compound in which every acid and basic radical is either completely 
neutralised or else completely free. However, the evidenf:e in support 
of this somewhat pessimistic view is as yet inconclusive. furthermore, 
as will be presently explained, evidence is steadily accumulating that a 
large number of vegetable proteins are quite free from measurable salt 
formation near their isoelectric points. They may, therefore, be pre­
pared as pure substances in that state. 

• 
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If a further justification of the hypothesis that the relations of 
)teins to acids and bases are purely of a chemical nature be 

:lemanded, it may be found in the extensive researches of Sorensen· 
~nd his associates.! 

We may, therefore, conclude that the titration curves of proteins 
iave the significance that was provisionally attributed to them at the 
Jeginning of this chapter. One reservation should, however, be noted. 
[t is quite possible that in some ~nstances acid and basic radicals of 
:he protein molecule may be liable to some form of tautomeric modifi­
;ation, which is itself dependent upon the reaction of the solution. 
!\nd it must also be remembered that th. e protein molecule is,liable 
:0 irreversible changes in highly alkaline and also in highl.f acid 

;olutions. i, \ 
In some r~spects the chief difficulty in gealing with the tit}ation 

:urves of the groteins depends upon the size of the molecule an~ the 
:onsequent large number of different acid and basic radicals invo~ved. 
[he case is not unlike that of. the ultimate analysis of the same sub­
,tances. .In both instances the presence of large p.umbers of sil11ilar 
'adicals leads to a kind of statistical uniformity which tends to obscure 
ndividual differences. 

Nevertheless, as E. J. Cohn ri922)' has pointed out, it is conveni~\nt 
o distin~t'ui~h 'between those proteins' whose titration curves are steep 
md' those whose curves are. flat, 'at the point where combination wi!b , 
lcid equals combination with base, because this distinction corresponds, 
Lt least in numerous instances, with the distinction between albumins 
md globulins or between these and less soluble substances. The 
)robahle explanation of this fact has been given above. A flat curve 
n this region is proof that there can be very little combination with '\ 
:ither acid or base throughout a considerable zone, and almost none at 
III at the isoelectric point. Her~ the protein exists largely as un dis­
,ociated molecules. It seems very probable that these may be rather 
nsoluble substances. 

The hypothetical protein represented by Table III. and Fig. I 

Lbove may perhaps correspond to an albumin; but the vegetable pro­
eins which have been studied, are, in the free state, insoluble bodies 
vhich may better be represented in an excessively simplified form by 
:he second case considered above, in which the strongest acid group 
md the strongest basic group were eliminated. Tht;: consideration of 
his ca~e has been postponed until this stage in the discussion in order 

lSorensen. S. P. L. Studies on Proteins. Compt. rend. des travaux du Lab. de Carls­
'erg. I9IS-I9I7. 12. I-372. 
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to afford' a closer comparison with existing experimental data. A 
computation like that given above yields for this simple case the data 
of the following table and the. curve of Fig. 4:-

T1\BLE \':1. 

0 I 

+ 
2 3 4 5 6 7 

[HJ 'looN ID-IN IO-2N Io-aN ,Io-4N IO-~N Io-eN Io- 7N 
~x. '000 'ooi 'OI 
~ ,2'00 2'00 1:'98 1:"82 I'°P '18 '02 '002 
lx - ,ly - 2'00 - 2'00 "" 1'98 -' I'82 -,1"00 ..., '18 -'02 'OI 
~x+ ly 2'00 2'00 1'98 1"82 I"OO '18 '02 'OI 

8 9 10 II 12 13 14 

+ 
IO-iIN" [H) Io-sN IO- 9N Io-ION 10 -J2N 10-' IaN Ip ;":,14N 

lx 'IO '59 I'4I I"90 1"99 ,2'00 2'00 

~ '000 

lx - ly '10 '59 1'41 1"90 1"99 2'00 2'00 

;Sx + ::Ey '10 ',59 1"41 :1:'90 1"~9 2'00 2'00 

.' 
2 , 

C>. 
~. 

U 
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:>-.' 
tN 0 , 

;x, 
W 

. \ 
\ . 

::::; 
<::r: 
~ 
_j 

<::C 2 ~ 
0 2 4 0 8 )0 12 14 "i: pH 
10'0 10--;; )0-4 10'6' 10-8 IO"tO IO-Ie. 1O'!4= [w] 

FIG. 4. 

I 
There exist more or less complete titration curves for the following 

vegetable proteins: gluteryin [Henderson and Cohn, 1918],tuberin,1 
and edestin [Hitchcock, 1922]. the titration curve of gluten has also 
been studied by Hender~oni Cohn, Oathcar,t, Wachmann and Fenn 
[1919]. These curves are given in Fig. 5. 

1 Cohn, E. J. Data to be published in J. Gen •. Physiol. 
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It should be noted that experimental resultS show the amount of 
~cid or alkali required to bring a protein solution (or suspension) to 
~ given hydrogen ion concentration. Therefore, in all cases where 
;he alkalinity or acidity is high, in case the actual combination between 
Jrotein and acid or alkali is sought, it is necessary to make a correc­
:ion for the amount of free acid or alkali present in the solution. This 
nay readily be done by repeating the experiment in the absence of 
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rre protein_ This correction has not been applied iIi fig. 5, because 
onsiderations bearing on this point are not raised' in the present dis­
ussion:1 It,is for this reason that the curves as drawn do not tend 
) become horizontal at their extremities. 

On Hitchcock's curve for edestin a point is inqicated which may 
e calculated from Osborne's early observations [1901, ;Z; 1902, 2J 

1 For, a discussion of this question consult E. L. Tague: A Study of the Determina­
~n 01 Amino-Acids by Means of the Hydrogen Electrode. J. Amer. Ch~m. Soc .• 1920,42, 
13-184;, D. ]. Lloyd, OIL the Swelling of Gelatin in Hydrochloric Acid and Caustic Soda. 
iochem. J., 1920, 14, 147-170;' and in the case of edestin, Hitchcock. 

i 

\ 
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in which phenolphthalein was employed. The agreement is very 
satisfactory. 

In the present state of knowledge, it is hardly expedient to press 
the analysis of the meaning of the titration curves any farther. 
Throughout the more acid and alkaline ranges little attempt has yet 
been made to interpret the observations beyond very general conclu­
sions, and what has already been said will perhaps suffice for the 
middle portions of the curves near the isolectric point. 

Everything seems to indicate that salt formation in. the strict sense 
of the term is capable of accounting for the observed facts of the com­
bination of acid and base witI). protein. In the central portions of the 
curves this is particularly well established; but there is nothing in ,the 
more extreme portions which points in another direction. As stated 
above, it is, however, possible that in these ranges the protein molecule 
may undergo some kind of tautomeric or reversible change, and it is 
certain that irreversible changes occur when the reaction becomes 
sufficiently acid or sufficiently alkaline. 

Even in the case of the simplest electrolytes, the laws governing 
equilibrium between acids and bases have presented theoretical diffi­
culties which are not yet overcome. Perhaps, in some respect, the 
quantitative relations are easier to understand in the case of proteins 
than in the case of such simple substances. They do not, at any rate, 
seem to present insuperable difficulties. Nevertheless the great size 
of the protein molecule and the very complex conditions existing both 
in the fluids and in the cells of living organisms bring about conditions, 
apd therefore problems, which are very different from the simple 
chemical questions that have been discussed in this chapter. A treat­
ment of such subjects would be out of place here. For an interesting 
illustration of the type of phenomenon in question the reader may 
consult the recent work of Loeb, Proteins and the Theory 0./ Colloidal 
Behaviour.l 

In sum, the theory that normal salt formation is the primary 
phenomenon, in all cases where the proteins are found in the presence 
of acids or bases, may be regarded as a well founded working 
hypothesis. 

1 Loeb, J. Proteins and the Theory of Colloidal Behaviour, pp. xii and 292. New 
York, McGraw-Hili, Ig22. 



CHAPTER VI. 

SOLUBILITY OF VEGETABLE PROTEI~S. 

A. Solubility in Water. \ . ~ 
THE aque:ms extracts of all the seeds which have been thus far ex· 
amined contain protein of several types which have dpmmonly been 
described as globulins, albumins and proteoses. In vtew of the now 
generally recognised capacity of proteins to form salts with acids, the 
salts of which may be soluble in water while the protein afjts isoelectric 
point may be insoluble, it has become itppossible to cl~ssi,fy properly 
the proteins found in the slightly acid aqueous extracts of seeds until 
each has been studied at its isoelectric point. As such studies have 

I 

been made in very few instances general statements respecting the 
nature of the water-soluble protein obtained from seeds cannot be 
made. <, 

It is generally assumed, and seems to be highly probable, that 
most seeds contain a small proportion of albumins, but few seeds are 
known in which such occur in any considerable quantity. In o\ost 
cases a complicated mixture of protein salts occurs, a part of whik, 
like a globulin, can be .precipitated by dialysis, while a part remai~ 
in solution which, like an albumin, can be coagulated by heating, 
while a further part, still remaining in solution, has the solubility and 
some of the other characteristics of the proteoses that result from the 
hydrolysis of native proteins of either animal or vegetable origin. 

B. Solubility in Saline Solutions. 

Proteins having the properties of globulins can be extracted by 
saline solutions from all the seeds thus far examined, and in a majority 
of them these constitute the greater part of the reserve protein. 

The concentration of the neutral salt solution required to extract 
these globulins varies widely, not only with the nature of the salt, but 
also wit,h that of the protein. Some of the seed globulins are but 
slightly soluble at room temperature in sodium chloride solutions 
containing less than 2 per cent. of this salt, while others are readily 

SI , 
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soluble in solutions containing only a few tenths of I per c!,!nt. The 
degrej:'! of solubility of many seed globulins depends mud). on the 
temperature of the solution <).nd increases rapidly 'at about 30°. 

Advantage has been taken of this fact to obtain several of the 
seed, ,~lobulins in crystalline form, notably that from the hemp-seed 
[Ritthausen, 1881, I], the squash-seed [GrUbler, r88rJ and the o,at­
kernel [Osborne, 1892, I]. 

It is often difficult to determine whether some vegetable proteins 
are globulins or not because their solubility depend~ so much on the 
,acids and salts which accompany them in the tissues of the plant. 
As it is convenient, noweve~, to employ some general designation for 
those proteins which behave similarly under the conditions usually 
prevailing during their isolation from the plant cells, those ,proteins 
which can be precipitated by dialysing or by diluting the extracts con­
taining them are called globulins in this monograph. 

When, the aqueous extract of most, perl1aps of all seeds, is saturated 
with ammonium sulphate, and the precipitate, which contains the 
protein, is dissolved in water, the resulting solution yields on dia,lysis a 
precipitate soluble to a greater or less extent in dilute saline solutions, 
bilt insol:u,ble in water. Some seeqs contain a relatively large pro­
portion of protein which cannot thus be precipitated by dialysis until 
a certain very small proportion of acid is added, wherewith protein salts 
are formed insolubie in water, but .. soluble in dilute saline solutions. 
A larger proportion of acid yields protein salts which may be soluble 
in water, but insolubleoin saline solutions. 

After removing the globulin precipitable by dialysis, a small pro­
portion remains which can be coagulated by heating the solution ,at a 
slightly acid reaction. Such prot~in has usually been regarded as 
albumin, i.e. protein soluble in water and coagJllab,Ie by heat. \. 

Some, it not all, of the seed globulins are salts·of the protein, the 
anIon present d~peQding chiefly on that of the salt used fqr the 
extraction. In the case of edestin from the hempseed, its salts with 
various anions, li~e the free edestin itself, are readily soluble il) saline 
solutions though little if at all soluble in water. Tliefsolubility in salt 
solutions is much affected by the amount Qf acid present; in general 
the greater tqe quantity of acid the stronger the saline solution required 
to dissolve tl1e globulin. 

Globul,ins have been found in relatively greater proportion in oil­
seeds than in th se rich in starch. In many of the former, mo~t of the 
reserve protein is readily soluble ,in a solution containing 10 per cent. 
of sodium chloride. 
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None of the vegetable globulins hav~ been critically studied in 
respect to their solubility in solutions of differept salts except' edestin 
from the hemp-seed which Osborne and Harrjs [1905, 3] investigated. 
, As edestin .is entirely insoluble in water, t~e solvent effects of ,the 
addition of various quantities of different ~alt,~ wer~ determined in the 
(ollo\\;ing manner. Portions of 2 graP11De~ each of pure 'crystallised 
edestin were suspended in sufficient water to make a final volume of 
20 C.c: with the different quantities of !polar solutions of the several 
salts which w,ere afterwards added, the edestin bei~~ in each case in 
excess ,Of the amount dissolved. 'After agitating IrOti some time, the 
solutions were filtered, nitrogen was determined in lot.c, of each, and 
the amount of edestin dissolved \Vas calculated fro\? the nitrogen in 
the whole soluti(;m. It was thus found that the-.so,~ubility of edestin 
[s closely p~<?portional to the concentration of the s,alt solution. In 
equimolar, solutions of sodium, potassium or caesium chlorides its solu­
)ility is near,ly the, same: In those qf magnesium, ca1.cium, strontium 
)r barium cpJoridt:;"its solubility is twice as great as ittis in equimolar 
wlutions of the chl61~ides ,of the monovalent bases, with! the exception 
)f' lithIum chl.odde, iIi corresponding solutions of whiCh it does not 
:lis solve as abundari#y as in those of the chlorides :pf the other 
nonovalent bases. pilute solutions of the sulphates of potassium, 
;odium, lithium and ~agnesium have a solvent power similar to that 
)f corresponding solutions of the chlorides of the divalent bases. 

Bromides and iodides do not behave like chlorides, for sodium and 
)otassium iodides have a solvent power twice as ,great as tliat of the 
:orre:ponding chlorides, agreei~g ip t,his iespect w~th the chl~rides of 
:he divalent bases. The bromides are le~s energetic solvents than the 
odides, but more energetic than the chlorides. Barium and calcium 
)romides are eq ual to one, another in solvent power, which is less than 
:hat of sodium or potassium iodide and greater than that of sodium 
)r P9tassium bromide, the two latter being sqmewhat less powerful 
iolvents than the corresponding chlorides. Li~hiull;1 bromide is a much 
letter solve'nt than fithium chloride, but less energetic;: than either 
iodium or potassium bromide. 

Salts of strohg bases with weak acids which are dissociated in soluc. 
ion with an alkaline reaction have a solvent power approxim~tely pro­
)ortional to their hydrolytic dissociation. Sa'dium sulphite and sodium 
hiosulphate are alike in their solvent power, both being much better 
olvent~ than the' sulphates. Potassium chromate dissolves edestin 
nore readily than does either the sulphite or the thiosulphate, and IS 

)ut little less powerful iIi its solvent effect than sodium carbon\),te. 
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Salts of weak bases with strong acids, whjch are hydrolyticaIIy dis­
sociated with an acid reaction, have less solvent power than those of 
strong bases with strong acids, corresponding in this respect to their 
hydrolytic dissociation. Thus manganese chloride, manganese sul­
phate, and ferrous sulphate dissolve edestin to about the same extent 
as does sodium chloride, having, therefore, about one-half the solvent 
power of salts of strong divalent bases with strong divalent acids, the 
two manganese salts being somewhat better solvents than ferrous 
sulphate. 

At 20° the acetates of potassium, sodium or ammonium have no 
s01vent action on edestin, while those of manganese, barium, strontium, 
calcium, and magnesium dissolve it freely, the degree of solubility in 
solutions of each of these acetates being in the order named. On the 
other hand, at 30° sodium acetate dissolves edestin readily. In solu­
tions of acetates of lead, copper, and silver, which are commonly sup­
posed to be precipitants of proteins, edestin, in the complete absence 
of other salts, dissolves almost as freely as it does in solutions of 
pure acetic acid. Each of these metallic acetates has equal solvent 
power and evidence was obtained which showed that the metallic ion 
of the acetate was united in organic combination with the protein. 
The solvent effect of lead, copper, and silver acetates is manifestly due 
to a different reaction with the protein than that which takes place 
when the protein is brought into solution by means of any of the 
other salts previously mentioned. Solutions of edestin, produced with 
each of these other salts, are precipitated by dilution, but those made 
with solutions of lead, copper, or silver acetate are not, behaving in 
this respect like those made with free acid. 

The results obtained with sodiu,m sulphate, which in sufficient con­
centration precipitates edestin, are of interest, for, while solutions of 
this salt up to a certain degree of concentration dissolve edestin in the 
same proportion ,!-S do solutions of a corresponding molecular concen­
tration of potassium, lithium, or magnesium sulphate~" the solvent 
power of more concentrated solutions diminishes with increasing con­
centration, until by a molar solution of this salt practically no edestin 
is dissolved. The curve showing the solubility of edestin in solutions 
of differen~ concentrations of potassium sulphate is the same as that of 
corresponding solutions of sodium sulphate up to the point of satura­
tion of the solution with potassium sulphate. The solubility of potas­
sium sulphate is so .small, however, that molar solution.s cannot be 
made, but if sodium I sulphate is added to the saturated solution of 
potassium sulphate. in such quantity that the solution [~nt~(ns as many 



SOLUBILITY OF VEGETABLE PROTEINS 55 

nolecules of the two sulphates as would the corresponding solution of 
;odium sulphate alone, the solubility of edestin in the solution of these 
nixed sulphates is the same as that in a solution containing only 
;odium sulphate. 

Attention is called to these observations iQ the hope that someone .J 

may extend these investigations to other proteins with a view to de­
veloping better methods for extracting proteins fnain seeds than those 
lOW employed which depend almost entirely on ~t~e use of sodium 
:hloride. The knowledge of the buffer effect of varibus salts on the 

'l 

lydrogen ion concentration of the extracts, as well" as of the impor-
:ance of the isoe1ectric point of the individual proteihs which has been 
:leveloped since the experiments above cited were in~de, should enable 
future inv~stigators to greatly improve our preseqt unsatisfactory..,. 
:nethods of isolating proteins. 

C. Solubility zn Acids and Alkalis. \ 

It was formerly supposed that many proteir).s were: strongly acid 
:n their nature and formed relatively stable salts with 'bases, as milk 
:asein is now genera:Ily considered to do. We, therefore, find many 
;eed proteins described in the older literature as caseins, and among 
these the so-called legumin from peas ,and beans was long regarded 
'is a protein of strongly acid character. 

Legumin can be extracted from various leguminous seeds by 
neutral sodium chloride solution, and solutions of the pre~arations 
)btained by dialysis, like those of edestin, are distinctly acid., This 
3.cidity is probably not, caused by the protein itself, but by th~ com­
bined acid of a legumin salt. Such preparations usually require about 
2 C.C. of decinormal potassium hydroxide solution per gramme to make 
them neutral to phenolphthalein, a quantity slightly greater than that 
required by similar preparations of edestin which have been proved to 
be acid salts of this protein. It is therefore improbable that legumin 
is a protein of a strongly acid tyre which is soluble in water only when 
combined with a strong base. In 'view of these facts there is little 
doubt that legumin, in the free state, is soluble in water, but when 
combined with acids, forms salts having properties characteristic of 
the globulins. 

Nearly all the seeds which ,have been carefully studied contain 
more or less protein which cannot be extracted by neutral solvents. 
The greater part of this residual protein is, however, soluble in dilute 
aqueous alkalis from solutions in which it can be precipitated by the 
careful addition of acids. The seeds of the cereals contain a relatively 
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large proportion of such proteins which have been provisionally 
assigned to the group of glutelins. Very little that is definite has 
been learned respecting these proteins and until they have been 
furth~r studied by modern methods it is hopeless to discuss them 
further. 

D. Solubility in Alcohol. 

The seeds of cereals, with the exception of rice, contain much " 
prolamin soluble in alcohol of from 70 to 90 per cent. In this respect 
these proteins show a marked contrast in their solubility to all the 
other proteins of animal or vegetable origin. They dissolve in alcohol 
of suitable strengtp. in'. all proportions, so that their solutions, under 
proper conditions, can 1?e concentrated to thick syrups, frpm :which the 
protein separates OD further evaporation in the form of a transparent film. 
The addition of alcohol to the concentrated. alGoholic solution precipi­
tates these proteins when the concentration of the alcohol reaches a 
certain degre~i which depends on the nature of the dissolved protein, 
for none of them ,is at all s9luble in alcohol free from water. On the 
otlier hand, these proteins are precipitated from their alcoholic solution 
when the concentration in alcohol is suitably reduced by the addition 
of water. The limits of concentration in either direction have 110t yet 
beep. defermined with accuracy, but, in general, solutions containing 
less than 50 per cent. or more than go per cent. of alcohol dissolve 
very little of these proteins with the exception of zein of maize,. which 
dissolves in all proportions in alcohol of 92 to 93 per cent. 

Other alcohols than ethyl alcohol di~sorve gliadin and zein and 
pos§iblyalso the other alcohol-soluble proteins, although as yet experi­
ments with these have not been made. Zein is readily solubJe in 
methyl alcohol and in c0111mercial propyl. alcohol. Kjeldahl' [r$92] 
has shown that gliadin is so\uble in phenol and Mathewson [1906] that 
it is soluble in dilute methyl and propyl alcohol, ih paracresol, and in 
benzyl alcohol, and that from its solution in phenol it is precipitated 
by adding ether, acetone, pyridine, benzene or chloroform. Mathewsol1 
also found that methyl, ethyl, propyl and amyL' alcohols all produce 
precipitates in the phenol solution, the amount required being less the 
greater the molecular weight of the alcohol, but precipitates are not 
produced by a~ding several volumes of aniline, phenylhydrazine ¢r 
nitrobenzene, altijough gliadin is not soluble, in these latter substances. 
When dissolveo in phenol the solution can be heated to r 40° without 
producing any notable effect on the specific rotation of the dissolved 
gliadil).. 



CHAPTER vn. 
P~ECIPITATION OF VEG ET ABL~!r'?tROTEINS. 

A. Precipitation by .<Veutra{ '!Salts. 

SOME of-the ,seed proteins are precipitate9 bJ. s~'t:urating their solution 
with ,S9diuin chloride or with magnesium sJlphate, all of them are 
precipitated by saturating with ammonium s~lphate or with sodium 

sulpha~e at, 3f. Sil~ce predpitati~n between~~,efi~it~ limits or con- . 
centratlOl1 of ammonIUm sulphate IS a charactenst1~, property of the i 
indi¥idual globulins and albumins, this salt a~orq~ one of the l:Jest 
means 'yet employ"d for separating two or mdre proteins from one 
another whe~ present together in extracts of seeids. Thus by adding 
ammonium sulphate gradually to the extract 1ft precipitate forms 
which rapidly',increases in amount on the further \lddition of this salt. 
By filtering out this precipitate and testing the filtrate by adding a 
little more of the sulphate, it is usually found that no further pre­
:ipitate (orJus until tl,1e concentration in ammonium sulphate is con­
;iderably increased. The second precipitate which then forms is a 
:liffererit protein from the first. These precipitates can then be repre­

:ipi~a.ted betwe:n th: limits of coqcen~ration .thus esta~shed and each 
)rote111 be obta~ned 111 a state of relative punty. \ 

B. PreciJ!itatiort by JJilution or by Dialysis. ' 

Precipitation by dilution or by dialysis is frequently employed in 
solatil1g many of the seed proteins. From what has been said before 
t is' evident that the degree of precipitation obtained by this means 
:lepends largely on the reaction of the solution. Most of the pre­
:ipitates are protein salts, and usually separate from solutiol1s only at 
L suitable hydrogen ion concentratiop.. It is for this reason that 
uany <:liluted solutions of proteins yield a precipitate only after 
:arbonic acid has been passed through them, for the small proportion 
)f hydrogen ions thus liberated in the solution is sufficient to lead to 
:he formation of their insoluble salts. That suc~ sa'Its are formed by 
:he action of carbonic acid ha;> been shown by Osborne [1901, 3] by 
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the following experiment with edestin, which in the free state is more 
soluble in a very dilute solution of sodium chloride than are its salts. 
Such a solution when diluted with water until it shows a slight tur­
bidity and then s;;tturated with carbonic acid yields a crystalline pre­
cipitate. This precipitate when washed free from sodium chloride 
requires a considerable quantity of decinormal potassium hydrate 
solution to make it neutra'l to phenolphthalein. After the edestin is 
removed by filtration the solution in which the neutralisation is effected 
contains over 90 per cent. of the added potassium in the form of 
chloride, which shows that the precipitate prqduced by carbonic acid 
is edestin chloride, formed in consequence of the slightly acid reaction 
imparted to the solution by the carbonic acid. SolutioflS of legumin 
which are neutral to litmus, as well as similar solutions of many .other 
seed proteins, when dialysed yield no precipitates, but slightly acid 
solutions yield such abundantly. 

C. Predjl?'tation by Adds. 

Precipitation by acids may be due either to the acid uniting with 
a base, previously combined with th(f protein to form a soluble com­
pound, or by the formation of a salt of the protein insoluble in water. 
The formation of a precipitate on neutralisation, therefore, depends on 
the nature of the protein. Edestin dissolved in dilute potassium or 
sodium hydrate is precipitated by adding enough acid to combine 
with all of the alkali that is present, for the free edestin is insoluble 
in water. A solution of legumin is not thus precipitated, for the free 
legumin is soluble, but a very little more acid precipitates an insoluble 
salt of legumin. A further addition of acid beyond the amount re­
quired to form a precipitate dissolves the protein, the quantity neces­
sary depending upon the proportion of mineral salts contained in, the 
solution, for the soluble acid salts of most seed proteins are insoluble 
in the presence of small amounts of inorganic salts. T~us edestin 
dissolved in the least possible quantity of hydrochloric acia necessary 
for its solution is precipitated by traces of most mineral salts, but a 
slight excess of acid requires the addition of more salt for precipitation. 
The precipitation of most seed proteins by acids, therefore, depends 
largely on the presence of mineral salts in their solutions. An excess 
of acid appears to act in much the same way, although a larger mole­
cular concentration of acid than of a neutral salt is needed to effect 
precipitation. 

., 



CHAPTER VIII. 

DENATURING OF VEGETABLE PROTEINS.\ 

A. Denaturing by Acids. 

~ PROTkINS are subject· to changes whereby their molecul~s are slightly 
altered and their solubility is affected. Our knowledge l;>t the nature 

:' of these changes and the various products which resu)t from the 
• denaturing influence of the agents whi~h bring th<em aqout, is very 

limited. It is commonly stated that the action of acids .pn proteins 
produces" acid albumin," wh,ich is described as insoluble i~ w~ter but 
readily soluble in the slightest excess of either acid or alkali. Products 
having such solubility appear to be formed by the action Of acid on 
nearly all kinds of proteins, and the "acid albumin" which results 
resembles in its constitution the protein from which it origil}.ated, for 
the changes involved in its formation are slight and do not lead to any 
profound decomposition Of the molecule. Little attention has been 
paid to the possibility of the formation of inter-mediate Ploducts 
between the native protein and this "acid albumin," and much con­
fusion still exists in the literature in connection with the action of'-acicls 
on proteins. Falk 1 hasl suggested that in the pr<esence of acids a 
tautomeric change may occur at the peptide union arid has pointed out 
that those conditions which are known to effect such changes in 
compounds whose constitution is established are the same as those 
which affect the activity of enzymes. It is not at all improbable that 
such changes may be involved in the early stages of the denaturing of 
proteins, though direct evidence of this has not yet been obtained. 

Experiments made by Osborne [1902, I; 1901, I] showed that 
small quantities of acids effect profound changes itl the solubility of 
edestin without altering its ultimate composition sufficiently to be 
detected by analysis. As the results of these experiments appear to 
have a general application and to shed considerable light on the 
denatlJring effect of acids on proteins they will her-e be described In 

detail. 
, 

1 Falk, K. G. A Chemical Study of Enzyme Acti01l. ·Science, 1918,47, 42 3-42 9. 
59 
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Crystallised edestin, on sol!-ltion in the least possible quantity of 
hydrochloric acid, yields a solution which is precipitated by the addition 
of a' little sodium chloride: Tliis precipitate, treatyd :with a strong 
solution of sodium chloride, never wholly redissolves. If the part that 
d()es dissolve is recrystallised and the experiment repeated, 'a part of 
the preparation originally soluqlein a neutral, salt solution again remains 
und,issolved, and this occurs eacli time the treatment is repe~ted. This 
insoluble derivative, which ,cannot' be made soluble again in a n~utral 
salt solution bY' any known means, is not" acid albumin/' for it is not 
soluble in a slight excess of potassium hydroxide !1olution. Si~ilar 

products result from nea'rly all the seed proteins, and their formation 
may be considered to be a general property of these substances. As 
no suitable name had ever been suggested for such ip.sQluble products, 
tile writer has proposed that they be called' in general proteans, that 
that obtained from edestin be called edestan, and tha,t similar derivatives 
from other proteins be given corresponding names. 

Preparations of nearly all proteins made by the customary methods 
contain more or less substance of such altered solubiJity, and there is 
little doubt, in view of what we have learned in regan:~ to the formation 
of these products from edestin, that they are, the resultof the action of 
a slight quantity of acid present in the solutions from which they were 
originally obt~ined; The following experiments, mape wltli ~destin, 
give the evidence on wqich thls belief is founded. Unfortunately 
these experiments were made at a time when the modern metHods ,for 
measuring the hydrogen ion concentration of the solutions had not been 
developed so that this important factor was not accurately defined. 
However, as t,he results of the experi~eqts were positive, they are 
here given in the hope that they may stimulate a furtner study of this 
change .in the protein molecule which in the past has seriously inter­
fered with the preparation and purification ,of many of t];1e vegetable 
proteins. 

Several I gramme portions of neutral edestin, which contained 2' I 6 
per cent. of edestan, were suspended in 10 C.c. of pure water 'and kept 
at different temperatures for six hours with frequent shaking. An 
equafvolume of 20 per cent. sodium chloride solutiofl was added and 
the solution at once made neutral to phenolphthalein. The solution 
was then filtered and nitrogen determined in the thoroughly washed 
residue collected on the paper, from which the quantity of edestan was 
calculated. ,.. 

" 
I 
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PIlRCE,NTAGE OF EDESTAN FpRMED ).IY CONTACT WITH WATER. 

Treated with sodium chloride solution after' six hours. 
Treated at once -Nith 10 ~per cent. 
~~Cl a.t 20°. \Vater+ C02 Pure Water Pure Water Pure Water 

at 20°. at 20°, at' 30°, at Son, 

" ". 
2'I6 6'75 4'32 TIl 2g'00 

These figures show that ev~n at 20° the quantity of tdestan which 
f IS formed by water alone is twice as great as in the originhlvreparation 
; and that the quantity is decidedly greater if the water coJtaihs carbonic 
t acid. tAt 50° about' four 'times as ri:1Uch edestan is formed as "at 30° 

rand ~early eigh~ tim~s as mucn. as itt 20°; sh~:ving the v110city of the 
! reaction to p~ <;louble'd by each Increase of 10 In the temp,~rature. In 
[>:view of th~ larg,er amount of edestan produced by wate~ containing: 
I carbo.nic acid we shou'ld expect to find" that the proportion of this 
I in&oluble proq,ljct would be increased by the addition of smalJ quantities 
of strong acid to the solutioh. 'rhis has been found to ,be the case, 
and the .following figures give the result of experiments which have 
shown this :-

PERCENTAGE OF EOESTAN FORMED BY.AppS AT 20°. 

N N 
'18 C.C. !!_ HN03. 19 c.c. !!_ HNOg. IN H " 9 c.c. roo HCl. 14,C.C.' 100 HCl. 

100 100 . 20 C.C. 100 N()3' 

i ,3 20 '3 20 
hours ho~rs hours hours 24 hours. 24 hours. 24 hiurs• 

", 

g'Ol 12'15 2g'80 33'55 68'38 75'20 

'" 

79'du 
' '\_' 

~ 

These figures, <;ompared with those of the preceding table, show 
that edestin yields' much more edestan in contact with acids thCin 
in contact witl,l water. In the experiwent in which 9 c.C. of 
centinormal hydrochloric acid were used the proportion of edestan 
that formed' was very much less than in tile experiment containing 
14 C.Co; of the saI1).e acid. In the first experiment the amount of 
acid used was less tgan that with which the edestin can combine to 
form a water-soluble compound, and' the solution therefore contained 
,only so much free ~cid as was produced by hydrolytic dissociation of 
the edestin salts. In the experiment with 14 c.c. of acid a sm,all 
amount of acid in excess of that required to form a soluble compound 
was present, and the effect of this larger quantity of free acid produced 
by the greater dissociation of the weaker acid compounds of edestin 
is made manifest in the. greatly increased quantity of edestan which 
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That the amount of edestan which is formed depends on the 
degree of ionisation of the acid which produces it is shown by the 
following experiments, in which portions of neutral edestin, each 
weighing I gramme, were suspended in 6 C.c. of water and 14 C.c. of 
centinormal hydrochloric, phosphoric and acetic acids were respectively 
added. The quantity of edestan that had formed after frequently 
agitating during two hours is given in the following table :-

. 
PJi:'RCENTAGE OF EDESTAN FORMED BY EQUIVALENT QUANTITIES OF DIFFERENT ACIDS 

UNDER THE SAME CONDITIONS. 

HC) HaPO. 
I4 c.c. roo' I4 c.c. IOO' 

I9'29 I6'02 

H.C20 2 
14 c.c. ----roc;-' 

5'65 

The solution of phosphoric acid contained 0'98 gramme of H SP04 

per litre and was made on the assumption that this acid would behave, 
toward edestin as a monobasic acid. The quantity of edestan formed 
by acetic acid as compared with that f\)rmed by hydrochloric acid is 
doubtless due to the lesser ionisation of the former acid. 

The edestan contained in preparations of edestin, made by th~' 
usual methods, has the same properties as the edestan which results 
from the action of acids on the unchanged edestin, for if preparations 
of edestin, made by the commonly employed methods, are treat,ed with 
water, and the solution of the soluble part is precipitated by the 
addition of a little sodium chloride, the precipitate produced, when 
treated with a large proportion of sodium chloride, leaves an insoluble 
residue which in all respects appears to be the same as that obtained 
by the action of acids on the unchanged edestin. 

Edc,::stan is a voluminous white powder which swells somewhat in 
water, and forms a colourless transparent je\ly with very dilute hydro­
chloric acid. In the dry state it is little, if at all, soluble in stt;,ong 
ammonia, but the gelatinous mass formed by treating the substance 
with very dilute hydrochloric acid is slightly soluble therein and yields 
a solution which gives a precipitate with ammonium chloride. Con­
sequently when hydrochloric acid is added to its ammoniacal solution 
a precipitate forms, even when much of the ammonia is still un­
neutralised. The ammoniacal solution is not precipitated by sodium 
chloride. 

Edestan exists in preparations of edestin chloride in combination 
with acid. The amount of acid required to form a compound 
spari~gly soluble in water ~ppears to 9-t:? de~nite, as the fallow~ng 
expenments show. A quantIty of edestan obtamed from a preparatIOn 
of edestin chloride was suspended in water' and dialysed until the 
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dialysate was free from chloride. The dialyser then contained an 
opalescent fluid and a voluminous precipitate. The acidity of the 
substance dissolved in this solution was found in two experiments to 
correspond to 2 I' 5 and 23'4 C.c. of a centinormal solution per gramme. 
Other experiments gave similar results, from which it appeared that 
the acidity of the edestan chloride was almost exactly three times 
that of the edestin chloride soluble therein. Frol.]l these results we 
may conclude that the basic property 0(1 this altered product is 
greater than that of the original protein,\ and as this substance 
originates so readily and in such large pro~ohions in the presence of 
a small amount of free acid, it is evident th4t ~'xperiments which have 
been made to determine the acid-combinihg power of proteins, in 
whiCh an excess of acid has been employed, }nay not necessarily show 
the acid-combining power of the unchanged Jroteins. 

The reactions of edestan are similar to thOse which are considered 
to be. characteristic of the histone group, bJ~ there is manifestly no 
connection' between this substance and thl true histones. The 

, t .. " 

globin obtained from h<emoglobin by the ac.tion of dilute acids is 
generally designated a histone on the ground 9f the similarity of the 
reactions of the two substances. It is possible, if not probable, that 
globin more nearly resembles edestan than the true histones and that 
it is a similar product of alteration of the protein constituent of the 
h:;emoglobin which has been produced by the action of acids, in the 
same way as edestan is produced from edestin. Products similar to 
edestan are formed apparently from some of the animal proteins with 
great ease, as, for example, from the myosins of ~uscle tissue which 
rapidly become insoluble in neutral salt solution duting the develop­
ment of acid which occurs in these tissues soon after deilth. 

Whether other products than edestan are formed by the action of 
acids on proteins before true "acid albumin" results has not yet been 
determined; it is not improbable that such may be the case. 

B. Denaturing by Alkalis. 

It has long been known that proteins undergo a change when 
dissolved in solutions containing a moderate quantity of caustic alkali. 
A product of this change which is known as "alkali albumin" or 
"alkali albuminate" resembles in solubility the acid albumin which 
results from proteins through the action of dilute acids. No satis­
factory study has ever been made of these two substances and little, 
therefore, is known in respect to their relations to one another. 



T}-IE VEGETABL~ PROTEINS 

Such scatter~d observations as are on record indicat{'! that the 
... vegetable protei!1s are less. easily affected by alkalis than an; the 

animal proteins. Ritth;msenis experience in. extracting seed proteins 
\vith dilute caustic alkali s()lutions showed that the precipitates 
produced by neutrali,sation still retained, to a large extent, their 
solubility in neutral saline solutions, from which it wa~ clea,r that 
much of the protein thus extracted had not been converted into 
<i alkali albumin." • . 

) 

Chittenden, and Osborne [189 I -92 J found that zein was particularly 
resistant to the acti.on of alkali, for even after digesting witq 2 per 
cent potassium hydroxide solution at 40° for twenty-four hOl,lrs, the 
zein still retaiued its original solubility: in alcohol and gave no evi.clence 
of the formation of any (C alkali albumin." In this experiment the 
possibUity, however, is not excluded of the formation from zein 
of an "alkali albumin" soluble in alcohol, for it may be that the zein 
had suffered a change quite analogous to that which results in the 
formation of "alkali albumin" witho.u't producing a substance whose 
solubility was, like ~hat of the « alkali albumin" obtained from other 
proteins. 

Experience indicates that seed proteins are less easily altered by 
small quantities of alkali than they are by acids, a fact which is 
contrary to the generally accepted view in regard to the action of 
alkalis and acids on proteins in g¢nera:I. 

Since proteins readily lose aipmoniathrough the hydrolytic action 
of alkalis, on the amide group which nearly all proteins sur,posedly 
contain, it is probable tl)at the so-called denaturing of proteins by 
alkalis is .the result of hydrolysis. Further discussion of this question 
will be fOlmd in Chapter IX. on the hydrolysis of vegetable proteins. 

C. Denaturing by Alcohol. 

Alcohol produces a marked denaturing effect on ma,ny of the 
animal proteinS, and ~he ea'se with which such changes lare effected 
differs with the different proteins. Thus, ovalbumin is quiykly 
converted into a product insoluble in water, but serumalbumin resists 
this change for a longer time. Many of .the proteins of seeds appear 

-.I to be but little affected by a long treatment with ~alcohol, and the 
evidence that any change whatever is caused by alcohol. is of such an 
uncertain character that definite statements in regard to the action 
of alcohol cannot at present be made. Zein shows an apparently 
unique behaviour toward alcohol, for when dissolved rn strong alcohol , , 
the original solution/gradually becomes gelatinous ,anti finally is 



DENATURING OF VEGETABLE PROTEINS 65 

onverted into a firm jelly which is a comb~nation of the zein with 
[coho I similar to that formed by gelatin with water when its hot 
)lutions are cooled. The formation of this combination depends on 
le concentration of the solution in zein and apparently also on other 
::mditions, the nature of which is not known. Whether an actual 
enaturing of the protein here occurs is uncertain, but this appears to 
e the case, for it has not yet been found possible, by any of the 
umerous means that have been employed, to restore the zein to its 
riginal' solubility in alcohol after this change has once taken place. 
uch a change has not been observed with any of the other 'alcohol-
)Iuble proteins. I , \ 

D. Denaturing by Metallic Salts. 

It is generally recognised that the addition o( salts of th~e heavy 
tetal~ to s~lutions ,of a protein result in the denaturing of the ~rotein. 
" is probable, from experiments which have been made with ¢estin, 
lat this denaturing' is largely if not wholly 9ue to the fact that such 
,etallic salts are hydroI'ytically dissociated with a strong acid ieaction 
ld that, in the presence of the aoid thus set free, the protein is rapidly 
~natured. Solutions of ferric chloride behave toward ede~,tin in 
most exactly the same manner as pure hydrochloric ac;id, the t1,destin 
~ing denatured with the formation of a product soluble in dilu~!,! acid 
11:, not precipitated by an excess of ferric chloride. It is prqbable 
tat the add set free by hydrolytic dissociation Of the metallic;, salts 
the chief cause of the difficulty encountered in attempting to prepare 

!finite salts of the protein with metals. 

E. ~enaturing by Heat. \ 

It appears to be ,commonly believed that all proteins having ~e 
'operties of globulin are completely coagulated by heating their· 
ightly acid solutions and that this property is also shared by nearly 
I of the other native proteins. In this respect the seed proteins 
[fer in a marked degree from the animal proteins, for most of them 
e very incompletely coagulated by heating their solutions, even to 
)iling, and many of them are not coagulated at all unden .these 
mditions. In this connection should be considered the part which 
:id plays in the production of a heat coagulum, for it is well known 
at alkaline solutions of proteins cannot be coagulated by heat and 
at neqtral solutions are usually coagulated with difficulty. It is 
lstomary in attempting to separate a protein from its solution by 
!at to add a very small quantity of acetic acid. From what we have 

5 



66 TH.E VEGETABLE PROTEiNS 

said in relation to the denaturing effect of acid on ,protein it :.is evident 
that acid cannot be added to the solutions of many of the seed proteins 
without of itself causiJ;1g a change in the solubility of the protein, and 
it becomes difficult in, such cases to distinguish between the denatvring 
effect of the acid and that of the heat.' Xt has, therefore" been the 
practice in determining .the effect of p.eat on vegetab,le proteins to heat 
them in solution without the addition of any more acid thap that 
w,nich has co~bined with ,theql durin~ the process of isolation. 
Osborne and ~ampbelll .have shown thal ctystallised ovalbumin, 
which has' an add reaction toward phenolphthalein similar to that of 
the preparations of the 'seed proteins, is compl<:;tely coaglliated when 
its solutions, are sufficienHy heated. If, however, enough alkali .is first 
a,dded to make the solution, faintly alkaline to phenolphthalein, no 
coagulum forms on 'heating, although the al1:mmin has suffered a 
che~ical change which is made evident by the precipitate which forms 
on cooling the solution and the;n addin~ a, quantity of acid"correspond­
ing to that origina:Ilyi present in the crystalline substance. 

The behaviour of edestin :solutions toward heat is similar to that 
of a large nurpber of other seed globulins, and in ,this connection the 
.experiments of Chittenden an<,l Mendel [1894] are of interest, fot they 
show that the acid combined with the aystallised edestin is insuffi~ient 
to effect its complete coagulation, as the part of the edestin which is 
not coagulated remains unchanged even after long heating in a boiling 
sQ.1ution. Chjttenden and Mendel employed a sodil,lrn chloride solu­
tion of edestin which had been obtained by extracting hemp s~f!d with 
a .solution of this salt at 60°, a process which yields ,preparations con­
sisting chiefly of the more aci<;l hydrochloride of this protein, whi<;h is to 
some extent hydrolysed when dissolved. On heating this soilltion to 
boiling, a part' of the edestin was coagulated. On removing the coagu­
lum and,dialysing the filtrate the edestin was precipi~<:lted unchanged, as 
shown by its, complete crystallisation. When a very little acetic acid 
was cautiously added to the filtrate fro1,U the coagulum ahd this again 
heated to boiling, a second, coagulum, resulted at 9S0-the same 
temperature as that at which the first coagulum began to form. The 
coagulatioQ in this cas~, as in the first, was still ;incomplete, ~nd the 
filtrate fr Jm the coagulum required a further addition of acid in/order to 
give a coagulum on again heating to boiling. From this.J~ might 
conclude that, in the compfete absence of acid, edestin would 
not be affected by si~ply heating its solution, were it not for. the fact 

1 Osborne, T. B., aI)d G. F. C~rnpbell. The ProfeilL ConstitttCllts of Egg. White. 
J. Arner, Chern. Soc" 1900, 22, 422'45° •. 
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that the writer has {ound' that eClestin which. contains no combined 
acid behaves in the sarpe war as the edestin chloride. 

Some seed proteins, as, for Instance, le4cosin obtained from wheat, 
are more easily coagulat~d than the seed globulins, but whether these 
can be completely separated from their solution by heating to a few 
degrees above the tem~erature at which a flocculent coagulum is 
formyd, is still an open question. The aqueous extract of wheat flour 
becomes turbid on heating to 48° to 50° and a flocculent coagulum is 
formed at 52°, Whether the leucosin is thus completely coagulated 
lS difficult to decide, for after heating the solution for some time at 
55°, at which temperature it .remains clear, a second{,put smaller 
:oagulum begins to separat.e at. 73°, which graduallytincreases i.n 
:tmount as ,the ,temperature IS raised to 82°, No morei'c~gulum IS 
formed even on boiling. Whether this second smal~ cbagulum, 
:ormed at .the higher: temperature; is a r~~idue of Ieu~,osiri which 
:emains uncoagulated a't the .!ower temperature or a distincf.Iy different 
protein hav'~!1g 'a 'higher coagulation point,'remains to be d~tennined. 

Most seed extracts behave in a similar manner on heati'hg, and in 
vie~ o( the ,iqcomplete ~pagulation of edes~in. and' other see~ proteins 
:t is a question whether' or not the coagula obtained at th~ several 
temperatures' are really \{oriIj.etl from different protein su'~stan.ces. 
th~ temperature at which a coagulum separates in such SOIJl~ions 
lepends much upon the rate of heating, so 'that when the temperature 
s raised rapidly the first coagulum is obtained at a much hig~er de­
;ree than when raised slowly. The presence of sodium chloride ,in 
:he aqueou~ extract of wheat flour has' little effeCt on the temperilture 
1t which the coagulum separates. In t::espect to its behaviour toward 
leal l'euco$in resembles the animal proteins mOl;'e closely than do 'the 
;lobulins~ which constitute the greater part of the reserve prot~in 
)f most seeds~ We have plready stated the reasons for believing 
eucosin'to be chiefly contained in the embryo of the seed, anq it is 
)robable ~hat the physiologically active seed protejns, in this re?pect 
lS well as in others, more closely resemble the physiologically active 
mimal proteins than do the true reserve proteins of the seed. 



CHAPTER IX. 

PRODUCTS OF HYDROLYSIS OF VEGE'TABLE PROTEINS. 

A. Hydrolysis by Acids. 

THE amino-acids wl1ich nave been obtained from vegetabl~ proteins 
are the same as those yielded by animal proteins. Ammonia is also· 
a constant product of their hydrolytic decomposition. It is thus 

.' plain that no fundamental chemical difference exists between the 
vegetable and the animal proteins. Such differences as have been 
detected consist chiefly in the proportion in which some of the amino­
acids are yielded by many of the proteins from plants as compared 
with most of those of animal origin. In general the plant proteins 
yield more glutaminic acid and ammonia than do the animal apd 
many of them also yield less lysine. Proline has been obtained in 
relatively large amount from a number Of the plant proteins, and 
arginine is yielded in larger proportion by some of them than by most 
animal proteins except the protamins. The vegetable proteins soluble 
in alcohpl, .on the other hand, yield these basic amino-acids in remark­
ably small proportion, zein [Osborne apd Leavenworth, 1913] being 
the only one which has yet been found to yield no lysine. 

It has long been recognised that many vegetable proteins contain 
more nitrogen than the animal proteins, and it has 1;>een shown 
[Osborne, Leavenworth and Brautlecht, 1908] that this dilference is 
chiefly due to a relatively larger proportion of arginine in the former. 
A few, however, of the seed proteins which are rich in nitrogen yield 
but little ~rginine. In these the high nitrogen content is due to a 
large proportion of amide nitrogen. 

It is probable that only a part of the sulphur of vegetable, as well 
as animal, proteins belongs to cystine because when these are decom­
posed by heating with strong alkali a smaller proportion of the I 

sulphur is conve:ted into sulphide than is the case when cystine itself 
is similarly treated. No evidence has yet beeJ1r.obt~ined to.indicate 
the nature of this still unidentified sulphur-containing 'substance. The 

I 
proportion of sulphur, and therefore presumably of the cystine-yielding 

68 
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complex in vegetable proteins, differs ~reatly, Thus vicilin, from 
some of the leguminous seeds, contains only 0'1 per cent. of sulphur, 
while antiarin [Kotake and Knoop, 191 I], from the latex of Antiaris 
toxicaria, contains over 7'0 per cent. 

Troensegaard [1921, 1923} has advan~~p the view that the protein 
molecule is for the most part made up of ~ettrocyclic riJ:]gs which can 
be easily split by acids, alkalis or enzym~s -pecause It large part of 
the oxygen of the protein is present as llydroxyL Experience has 
,hown that such ·hydroxyl causes easy spli~ting of heterocyclic rings 
lnd he assumes that by means of acids or a~kalis the splitting of the 
ring may lead to the formation of amino-acids. Since Troensegaard's 
experiments were largely made with gliadin attention is here called to 
them, though in the author's lopinion further ev'\dence in support of this 
theory is r~quired before it can be accepted as. a better conception ·of 
the structure of the prote~t). molecule than that of peptide union be­
tween the amino-acids which has been founded ,\ on the work of Emil 
Fischer, , 

The experiments of Chittendel1 {r894] and his associates have 
shown that the proteoses and pep tones formed ft;om vegetable proteins 
by the action of pepsin hydrochloric acid are similar to those obtained 
from animal proteins. , 

Underhill [1903] found that both the natural an'S! artificial vege­
table proteoses have the same physiological effect when injected into 
the. circulation pf animals as have those of animal origin, namely, a 
lowering of the blood pressure, rendering the blood ul).cpagulable, 
accelerating the flow of lymph, deep narcosis, and other toxic 
symptoms. 

Knaffl.-Lenz [1913] tested the action of peptone obtained from care­
fully purified preparations of several vegetable proteins when injected 
into dogs and cats and found that the effect produced corresponded 
closely with the intensity of the tryptophan ryaction given by the 
proteins. Thus zein peptone even in relatively large amount had no 
peptone action and did not protect the animal in the slightest degree 
against a subsequent injection of 'Witte's peptone. A sufficient quan­
tity of the gliadin peptone caused typical reactions. Smaller quantities 
had no effect on the coagulability of the blood, but produced'an evident 
peptone' immunity. Of the other vegetable peptones, cucurbitin, the 
crystalline globulin from the squash-seed, which showed the strongest 
tryptophan reaction, gave the peptone reactions as strongly as did 
Witte's peptone. Legumin and edestin peptones were less potent and 
vicilin peptone still less so. 

, 
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.Fischer and Abderhalden [1903J obtained by tryptic digestion' of 
edestin a resistant produCt which they believed to contain' all of the 
proline and phenylala'nin'e and from the products of acid hydrolysis 
·of gliadin a dipeptide of leucine and' glutaminic acid [1907]. Osborne 
and Clapp [1907, 2] similarly isolate<;l a dipeptide of proline and 
phenylalanine, from this latter protein after prolonged hydrolysis with 
sulphuric acid. 

Whether the vegetable proteins are in general mQre difficult to 
hydrolyse completely than are the animal has not yet. be;en definitely 
detet~ined. That combinations difficult to hydrolyse may occur is 
shown by the presence Of the above-mentioned dipeptide of proline and 
phenyla:1anine, which required several hours' heating iI) a closed tube 
with concentrated hydrochloric,acid before,it was completely hydrolysed. 
The writer once found that when gliadin was boiled with 25 ,per.cent. 
sulphuric acid for twelve hours a considerable quantity Of an,in'soluble 
product resembling humin formed, which when further l;lydrolysed by 
boiling with strong nydrochloric acid yielded several amino-acids, 
ari).ong which glutllminic acid and cy?iine were conspicuous. 

B'. Hydrolysis by Aikalis,. 

In comparison ,with acids~ alkalis have been litt}e used to effect 
,hydrolytic decomposition of proteins, as some of the am'ino-acids, 
notably <ll,"ginine, cystine, 'and tryptophan are thus destroyed. Os­
borne, Leavenworth and Brautlecht [I 908] found that continued boiling 
with a strong solution of sodiuql hydro.xide yields a q~alltity of ammol}ia 
corresponding to the sum of the amide, nitrogen and qne-half ·of the 
nitrogen of the arginine. With these exceptions the products of alkaline 
hydrolysis are, so far as is now known, the same as those produced by 
acids. In regard to the proportion of ammonia eliminated by alkaline 
hydrolysis, and the forms of .union of nitrogen in the inol'ecule of some 
vegefable proteins, the reaqer is re'ferred to p. 71. 

C. Colour Reactions. 

From what has been said of the products ot protein decomposition 
it i's evident tqat the colour reactions. of the vegetable proteins are 
practically the same as those of the animal proteins. None ofi these 
reactions, therefore, deserves consideration except those showing the 
presence of carbohydrates. In the case'of vegetable proteins, associated 
so intimately with a variety of carbohydrates, ,Molisch's reaction i? of 
especial interest, for this. indicatc;rs the presence of even minute quan­
tities of allY of the members of this group. PreptratiQl1s of protein 

. I 
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which do .not give this reaction may be regarded as entirely f17ee from 
any carbohydrate or from any complex which can yield a carbohydrate 
or: furfural, as, for i11stancel glucosides or nucleic acid. The fact that 
a large 'I:1I1mber of the vegetable proteins give absolutely no trace of 
colour with Moliscp.'s test, sr,ows that none of these belong among 
the glycoproteins. Whether protein preparations which give Molisch's 
reaction contain, a carbohydrate group as a constituent of their mole­
cules, or as a constituent of .some group organi~lIy united 'with the: 
protein molecule, or as simply a contamination, caAnot yet be. definitely 
decided. Attempts to isolate glucosawine. or aPt hther carbohyarat~ 
from such proteins 'have, up to the present tim, failed, and we have 
no good ground to believe. that any of the seed proteins actually con­
tain a' carbohydrate group notwithstanding sta~,em~nts to the contrary. 
in the older'.Jiterature. Still, we have no conclusive~evidence that some 
of them do not contain: such a group, for it is extremely difficult to 
.'isolate carbohydrate from a mixture of protein decorl:position, ,products, 
and the fact tha~ this has not. yet been accompli,shJ-p is by no means 
cOnclusive ev:idence oB the absence of such substances. Molisch's 

'.\" I 

reaction is not given by most of those proteins whose physical properties 
favour their purifi~ation, Preparations. of cu'curbitiI1' :~destin, excetsin, 
juglansin, cOfylin) amandin, the, j'lax"seed globulin, and legumill from 
the pea or vetch, 'have 'been obtained which give no trace whatever:'of 
thJs reaction. . On the other hcwd, preparations of other pr:oteins; 
especially those from the leguminous seeds, frequef.ltly give very strong 
reactions, but it has' been noted that when a numJ:>er of differel1t pre­
para~i~ns of o~e or t~e.other ofthe~e prot<~ins are tested u\der ,unifor~ 
conditIOns the lntel}slty of the reactIOn, vanes greatly. In su,_ch ca,ses It 
is highly probable that this reaction is caused by a small amount of 
some contaminating sub~tance which is difficult to separate frofr!. the 
protein. 

D. Nitrogen 'in Vegetable Proteins. 

Partition of Nitrogen in Seed Proteins. 

Tpe different Jorms in which nitro~en Occurs in seed proteins have 
been extensively studied by Osborne and Harrisl[i903, I]. Following 
Hausmann's [1900J met40d, slightly modified, they obtainyd the 
results given in the table, p. ,72. Several proteins of animal origin 
were lik¢wise analysed and are given for comparison. 

'Ihe most stri}dng feature shown by this table is the wide range in 
the amount of basic nitrogen obtained from the different. proteins, 
n:>mp1" frnm nnp_thirrl tn nnp":j-hirt;pth of thp tob 1 nitroO"pn of thp 
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protein, while the proportion of ammonia differs from one-fourth to 
one-sixteenth of the total nitrogen, The non-basic nitrogen, on the 
other hand, is more constant even than the total nitrogen and forms 
from about one-half to three-fourths of the latter, 

PARTITION OF NITROGEN IN DIFFERENT PROTEINS, 

I 
In per cent. of protein. In per cent. of n.itrogen. 

... Ii " 'Q :i "" 'Q Z 0 0 0 a " a u a ;i ';;; '" ;i 5 ;i .~ 

'" '" ;a 
" u .c 

.~ 
.c 

'" " ,5 .s '" " " '" '" " 0 0 '" 0 

Protein. Source. Z III Z Z , ... Z III Z 

GIDbulin, CDcoanut 1'36 6'06 10'92 0'14 IS'4S 1'3 32'8 59'0 

" 
squash,seed 1'2S 5'97 II'04 0'22 IS'SI 1'4 32'3 59'6 

Edestin, hemp-seed 1'S8 5'91 10'78 0.'12 IS'69 10'1 31'6 57'7 
Excelsin, Brazil-nut 1'4S 5'76 10.'89 o'I7 18'30. 8'0 31'5 51'S 
Corylin, hazel-nut 2'20. 5'75 10.'8g 0'16 Ig'OO H'6 30 '3 59'S 
Globulin, cotton-seed 1:92 5'71 n'o.I' 18'64 10'3 30 '6 59'1 

castor-bean I 1'96 5'64 II'03 0'12 IS'7S 10'5 30 '1 SS'7 " \ 

]uglansin .. walnut 1"78 5'41 II'SO 0'15 18'84 9'4 28'7 61'2 

CDnglutin, lupine {; 2'I2 5'20 10'40 0'18 17'90 11'8 29'1 S8'I 
2'65 S'IJ 10'29 0'14 18'21 14'0 28'2 56'6 

Legumin, pea 1 1'68 S'Il n'lO 0'15 18'04 9'3 28'3 61'S 

" 
lentil I'69 5'16 11'10 O'II 18'06 9'3 28'S 61'3 

" 
horse-bean 1'62 ' 4'92 II'4I o.'II 18'06 goo 27'2 63'2 

Globulin, 
vetch 1'75 5'17 Io'g2 0'18 18'02 9'7 28'7 60'7 
flax-seed 2'00 4'77 II'49 0'22 18'48 10'8 25'8 62'0 

Vicilin, pea 1'70. 4'92 10.'22 0.'2r 17'0.5 10'0. 2S'S 60.'0. 

" 
lentil I-7S 4'59 10'77 0'13 17'24 10.'1 26'6 62'S 

" 
ho.rse-bean 1'93 4'53 w'3S 0.'23 17'04 II '3 26'6 60.'7 

Vitellin, egg-yolk l 1"29 4'36 W'0.4 0.'59 16'28 7'9 2eh 61'6 
Vignin, cow'pea 1'91 4'28 IO'SI 0'25 17'25 II'I 24'S 62'6 
Globulin, sun-flower 2'57 4'27 II '50 ,0.'24 IS'5S 13'8 23'0 6I'g 
Conalbu,min, egg-white 1 1'00. 3'76 IO'93 0'42 r6'II 6'2 23'3 61'S 
Amandin, almond 3'05 4'15 11'63 0'17 Ig'o.O 16'0 21'S 6I'2 
Phaseolin, kidney,bean 1'69 3'62 10'56 0'33 16'20 10'4 22:3 65'2 

G1y~inin, 
adzuki-bean I'74 4'IS 10'01 0'27 16'20 10'7 25'8 61'7 
soy-bean 2'rr 3'95 II '27 0'12 17'45 12'1 22'6 64'6 

Legumelin, lentil roS 3'59 10.'97 0'42 16'06 6'7 22'3 68'3 

" 
horse-bean 0'96 3'42 n'IO 0'44 15'92 6'0 21'4 6g'S 

" 
adzuki-bean 1'03 3'S4 10.'93 0.'30 16'10 6'4 23'9 67'9 

" 
soy-bean 1 I'IS 3'08 II'44 0.'39 16'og 7'3 ;Ig'I 71 '1 

Leuco.sin, wheat 1'16 3'50.' I1'S4 0'43 16'93 6'S 20.'6 69'6 
Casein, CDW'S milk 1'61 3'49 10.'3 1 ,0.'21, 15'62 10'3 22'4 66'0 
Ovalbumin, egg-white l I'34 3'20 10'6S 0'2g 15'51 8'6 20'6 69'0 
Glutenin, wheat 3'30 2'05 II'95 0.'19 17'49 IS'S II'7 6S'3 
Gliadin, 

" 4'33 1'09 12'17 0.'0.7 17'66 24'S 6'2 6S'9 

" 
rye 4'oS o'gt t2'S6 O'II 17'66 23'1 5'2 70.'0 

Hordein, barley 4'01 0'77 12'20 0.'23 17'21 23'3 4'5 7°'9 
Zein, maize 2'97 0'49 r 12'51 0.'16 16'13 IS'4 3'0 77'5 

1 Revised figures, given in view .of later unpublished-detefminations, 

Comparison of the Nitrogen Precipitated by Phosphotungstic Acid with 
tliat in the' Basic Amino-Acids, 

Weare able to form some judgment in regard to the accuracy ot 
the fie-ures e-iven for the nitroQ'en orecipitated bv phosohotune-stic acid, 
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&since the only strongiy basic amino-acids yielded by proteins are 
~arginine, histidine and lysine, and these are, therefore, precipitated 
~ 

tfrom a dilute solution by phosphotungstic acid, The nitrogen thus 
I ~ 

: precipitated should, consequently, be equal to the nitrogen contained 
~in these three basic amino-acids, if no other basic substances are present 
,among their decomposition products, Cystine is also precipitated 
ito som,e extent, but as this amino-acid usually occurs among the 
; products of hydrolysis of proteins in, very small proportion, the effect 
• of cystine nitrogen is practically negligible, The existence of such an 
agreement is shown frqm .the following tabJe :-

\ '. 
\ Per cent. of the 'protein. 

lzii 
-d 8 

Basic N. in 
oj .oj .; Z.2:l I p.c. of that 
.S ". ,~" ... '" " . precipitated. 
~ ·S " .~:§. e .~ (ij:; 

:E 'Eo .. " "'v ~ ....l &tIo; &tie Q «: ,t.) p.. 

\ 
Globulin, squash· seed 2'42 14'44 I'99 5'6~ 5'99 - 0'30 95'00 
Excelsin, Para-nut , 2'50 14'29 r64 5'5 5'76 - 0'19 96 '70 
Edestin, hemp-seed , 2'19 14'17 1'65 5'48 5'91 -,0'43 92"70 
Globlilin, cotton-seed 3'46 13'51 2'06 5'69~1 5'71 - 0'02 99'65 
Globulin, castor-bean I 2'74 13'19 ·1'54 ' 5'29 ,\ 5'64 - 0'35 93'80 
Amandin, almond r87 12'16 0'72 4'56 4'15 + 0'4 I 109'90 
Legumin, pea " 1'69 4'98 S'20 

I '. 
u'73 ,S'II + 0'09 101'50 

Legumin, vetch ,2'94 n'06 3'7° 5'°7 '5'17 - 0'10 98-07 
Conglutin-<x, yellow lupine 2'5 1 ro'93 2'74 477 .5'16 - 0'39 92 '50 
Vicilin, pea , 2'17 8'91; 5'40 4'50 4'92 - 0'42 9I'46. 
Glycinin, soy-bean 2'XO 1'69 3'39 3'S9 3'95 - 0'36 90'90 
Vitellin, hen's egg-yolk I'90 1'46 4'81 3'82 4'36 - 0'54 81'62 
Vignin, cow-pea 3'08 7'20 4'31 3'98 4'28 - 0'30, 92'90 
Glutelin, maize , 3'00 1'06 2'93 3'63 3'52 + O'II 103'10 
Ovalbumin, hen's egg 1'71 4'91 3'76 2'76 3'20 i\f::; 86'25 
Leucosin, wheat 2'83 5'94 2'75 3'25 3'50 92 '87 
Conalbumin, hen's egg 2'17 5'07 6'43 3'45 4'16 071 83'00 
Legumelin, pea 2'27, 5'45 3'03 2'95 3'45 0'50 85'50 
Legumelin, soy-bean 2'0+ . 5'35 4'9x 3'21 3'08 + 0'13 104'22 
Phaseolin, kidney-ljean 2'62 4'87 4'58 3'15' 3'62 - 0'47 87'00 
Glutenin, wheat , I'76 4']Z 1'92 2'37 2'05 + 0'32 IIS'60 
Casein, cow's milk 2'46 3'39 5'95 2'99 3'49 - 0'5° 85'70 
Gliadin, wheat, 0'58 3'x6 0'63 1'49 1'09' + 0'40 136 '00 
Gliadin, rye 0'39 2'22 0-00 ? 0'83 0'90 - 0'07 90 '20 
Hordein, barley x'28 2'16 0'00 ? 1'05 0'77 + 0'28' 136 ':40 
Zei,n, maize 0'82 I'SS 0'00 0']2 0'49 + 0'16 146 '90 

Sixteen of the twenty-six proteins given in this table contain an 
amount of bases in \vhich the nitrogen does not fall below 90 nor above 
110 per cent, of that precipitated by phosphotungstic acid, Three 
of the others show differences which are relatively great though ab­
solutely' small; but as they contain very little base these differences 
are unquestionably caused by unavoidable errors of analysis; for the 
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ph()sphotungstates of the bases are soril,ewhat soluble, and, therefore, 
wJlen the amount of base is small the nitrogen prec~pitated by this 
acid is 'less than that actually contairied in them. ,On the other hand, 
the bulky precipitate of the phosphotungstates, which is obtained when 
the amount' of ,base is large, carries w~th it some of the mono-amino­
acids, thereby compens~ting the error caused by ~oIubility. T4e six 
remaining proteins yield a quantity bf bases containing an amount of 
nitrogen less than tnat precipitated by phosphotungstic acid,.by a little 
more than 10 per cent. of the latte'r. Two of these, namely, phaseolin 
and legumelin from the pea, yield more bases when hydrolysed for 
twenty-four hours than when hydrolysed for twelve hours, hence this 
differenct< may pos'sibly be, due to an incomplete hydl-olysis even after 
this longer' time of boiling. 

It is ,evident from the figures given in the table that in most 
cases the agreement. between th~ nitt:ogen in <lrginine, histidine and 
lysine and that precipitated by phpsphotungstic ilcid is so dose that 
Hausmann's method can be employed for controlling the results of 
determinations of the bases by the metho~ of Kossel, Kutscher' 

J • and Patten [19\)0, 19°3]; for where, a wide difference between the 
nitrogen obtained by these two methods is round .the accuracy of 
the direct. determination of the bases should I;>e established by careful 
repetition. 

The accuracy oLthe deterf.l1inations of lhe ~ndividual ba$es, that is, 
the cO,mpleteness with which they can be separated fr:om one another, 
as well as from other substances, is shown by the ',evideht, purity of the 
products obtained in, the c'ourse of analysis. The arginine copper 
nitrate double salt separates completely ftom its solutioh on slow 
evaporation, leaving' no trace of any other substance in the fiqal liquid. 
The histidine solutions readi~y yield pure histidine dichloride, and the 
character of the crystallisation of the lysine picrate, in which form this 
substance is weighed, is such as to leave no doubt of its purity, which 
,can, moreover, be fur,ther established by analysis of the product in 
the form iq which it is litctually weighed. Thei agreement between 
duplicate determinatiol1;l of'the several bases made on one and the 
same protein is further evic1'ence of their' accuracy. 

In, regard to the const,ancy of the determinatio.n of the ammonia 
nitrogen tlfe following results serve to illustrate how closely repeated 
determinations by different, analysts using different preparations may 
be ,expected to agree. (CL Osborne, Leavenworth, and Br.?,-utlecht 

[~908].) 
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NITROGEN AcS AMMONIA IN PER CENT. OF 'THE ,P~OTEIN. 

Gliadin 4'4°,2 4'44,0 4'35,4'3°,4'33,4'33,4'3°." 
Hordein 4·1O,24·ot.I 
Zein 2'99,2 2'97.1 
Edestin . 1"83,2 1"86, ~'88,1 1"93,1 1"86, r8I, 1,80, 1'87. 
Glbbulin, squash.seed r35," 1'28.' 
Glycini,1l . 2'14,2 2·II.1 
Yignin . r89, 1'86, 1'91,1 1'82. 
Globulin, cotton-seed 1'94,1'96, 1'92.' 
Legumin, pea . 1'68, r68.1 

Vicilin, pea . . 1'64,1'78,1'60.1 
Vitellin, hen's egg yoke. . . 1'24, i'29, 1:28,1 r,24." 
Conalbumin, hen's egg. . • 1'13" r21:1 t. 

1 Figures given in preceding\table., 
~ 2 Distilled in vacuo at 40°. ~ \ 

\ \, 
Is the. Nitrogen Yielded as Ammonia A1nide Nitrogen? 

i, 

75 

As the amino-acids which result. from\' proteilJ. . ~ydrol.ysis yield 
:arcely more than traces of ammolJ.lcl. by ong bOIling wIth strong 
ydrocbibric acid, practically an of the ammohia Illl,lst arise'Jrom some 
ther form of 'binding of the, nitrogel1 in the protein molecule. That 
~is nitrog'en may be in. amid~ union 'seems p~Q,bable from the follow-
19 experiments in wl)ieh five portions, of gliapip, each weighing I 

ram!p.(!, we're dissolved in 50 c.c. of 20 per c~nt hydrochloric aciq, 
nd the solutions boiled for the times indicate,d in the following 
ible :-

Boiled for 30 min., nitrogen as NHs = 4'30 pei\,cent. 
Boiled for 1 hour, pitrogen as NHs = 4'35 per cent. 
BoiH:d for 2 hours, nitroge~ as NHs' = 4 '33 per cent. 
Boiled,for,3 hours, nitrogenas N;Hs = 4'33 per cent. 
Boiled for 4 hours, nitrog\!n as NHs = 4'33 per cen.t. 
Boiled fot 6 hours, nitrogen as NH3 = 4'40 per cent 

When treated with strOl)g hydrochlorfc acid at 200\r two hours, 
nly 0'22 per cent. of nitrogen as ammonia was obtained, while after 
eventeen, 'hours/at the salUe temperature 1167 per cent. ';iis found, 
J nder simi\;lL" conditions aften;eventeen hours at 20° asparagine yielded 
'4 per cent. of nitrogen as ammonia, and one-"half of its nitrogen 
fter boiling for thirty minutes. 

These results were later confirmed ,bX Thierfelder an,d von Cramm 
1,919] who further showed that synthetic amides of dipeptides yielded 
mmonia in 'the same way as did gliadin under similar conditions of 
ydrolysis. 

Further evidence that the ammonia results from the hydrolysis of 
mide groups,. CONH2> with tq.e formation· qf <,l corresponding amount 
fcarboxyl groups, COOH, was obtained by Osborne and Nolan [1920] 

rho found that the acidity of the products of hydrolysis of gliadill was 
lcreased in proportion to the ammonia set free. There is little reason 
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to doubt that the nitrogen yielded by proteins as ammonia is actually 
in amide combination with one of the carboxyl groups of !he dibasic 
amino-acids. 

Ratio of Ammonia to Glutaminic and Aspartic Acids. 

Tl).e work of Emil Fischer has made it almost if not quite certain 
that the amino-acids are united in the protein molecule in peptide 
union; that is by the union of the NH2 group of one amino-acid with 
the carboxyl group of another; thus 

CHs-CH-COOH 
I 
NH NH2 
I f 
CO-CH-CH2-COOH 

which represents a peptide of alanine and aspartic acid. The dibasic 
acids would therefore afford carboxyl groups with which nitrogen 
might unite in amide union, as shown by the following formula, 
which represents the amide of the peptide just mentioned :-

CHa-CH-COOH 
I 
NH NH2 
I I 
CO-CH-CH2-CONH2 

A relation may consequently exist between the quantity of amide 
nitrogen which the different proteins yield and their content in glu­
taminic and aspartic acid. Osborne and Gilbert [1906] showed that 
a large proportion of glutaminic acid is in many cases accompanied 
by a similar large proportion of amide nitrogen. Osborne, Leaven­
worth and Brautlecht [1908] showed that the amount of ammonia 
yielded by hydrolysis with acids agreed so closely with that require<;i 
for amide union with the sum of the glutaminic and aspartic acids found 
in a large number of proteins of both vegetable and animal origin 
as to make it highly probable that practically all of the ammonia 
originated from such a combination and that one of the carboxyl 
groups of each molecule of the dibasic acids was thus united with a 
NH2 group. Later determinations made by Foreman I of glutaminic 
acid in casein have shown that this protein yie1ds a larger proportion 
of this amino-acid than had been previously obtained and the still later 
discovery of Dakin 2 that casein also yields a notable quantity of oxy­
glutaminic acid has made it improbable that this relationship to the 

1 Foreman, F. W. A New Methodfor Preparing Esters of Amino-Acids: Composition 
of Caseinogen. Biochem. J;, I9I9, 13, 375-397. 

2 DakiI\, H. D. On Amino-Acids. Biochem. J., 1918, 12, 290 -317. 
r· 
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dibasic acids is as strictly quantitative as previously supposed. Never­
theless we have reason to believe that, apart from insignificant quan­
tities which result from secondary decomposition, the ammonia is present 
in amide union ,in the protein molecule. The amount of glutaminic 
and aspartic acids yielded by all proteins thus far examined is sufficie{lt 
to afford the carboxyl groups needed for such a combination without 
taking into consideration any oxyglutaminie acid which these may also 
Vield. In the case of such vegetable proteins as gliadin or horde in, 
which yield nearly 50 per cent. of glutaminic and aspartic acids, it 
s difficult to imagine that a relatively large proportion of carboxyl 
;roups are 110t united with nitrogen as in ami des. r. 

Bergell and Feigll have suggested that t,4e diba~~.cc 'fcids may be 
)fes~nt as a diamide R-c:;O-NH-CO-R which tl1ey\have shown 
:0 b1 stable in acid solutions but to yield ammonia gn boiling with 
llkalis. Since the' excess of ammonia yielded by distilling proteins 
vith alkali over that yielded by boiling with acids is s~ ne?rly equal 
:0 one-half of their arginine nitrogen we have as yet' no reason to 
)elieve that any of them c;ontain a diall?ide grouping. ~ 

Andersen and Roed"MUlIer 2 have suggested the pos~ibility that a 
)art of the nitrogen may e:x;ist in the uramino binding 

R 
I 

CH-NH-CO-NH2 
I 

COOH 

['hey base this theory on an observation by Lippich 3 that proteins 
'ield more carbon dioxide on alkaline hydrolysis than, on acid 
lydrolysis; the difference being greater than can be accounted for by 
he amount of arginine contained in them. They show tha~ there is 
10 evidence contrary tCY this theory of uramino acid bindin~s in a 
)rotein but admit that' the only satisfactory proof that such ~tually 
xists would be the isolation of substances containing such linkages. 
~his has not yet been accomplished. 

Nitrogen Converted into Ammonia by Alkatz'ne Hydrolysis. 

Among the known decomposition products of proteins cystine 
nd arginine are notably unstable in alkaline solutions. According 

1 Bergell, P., and Feigl. J. Ueber neue Verbindllngen von Aminosauren tlnd Ammoniak, 
[Mitteilung. Zeit. Physiol. Chern .• 1908,54. 258-287. 

2 Andersen, A. C., and Roed-\1iiller, R. ' Zur Kmlltltis der Eiweisskorper: II. Ubcr die 
lindUllg'des Ammoniaks in den Eiweisskorpern. Biochem. Zeit., 1915, 70, 442-463. 

3 Lippich, F. Uber anatytische Anwendungcn del' Uramidosiiurereaktioll. Zeit. 
hysiol. Chern., 19I4, 90, 124-I44. 
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to Onslow 1 tryptophan is comp~ratively stable in hot baryta'solution 
when in the presence ,of other products .of protein hydrolysis but is 
easily d(fcomposed when alone, In boiling IO per cent, solutions of 
sodium Qydroxic;le to which some copper sulphate was added Herzfeld 
[19I3, 1] states that tryptophan is largely de¢omp'osed, 

Experiments by Osborne, LeaveQworth and Brautlecht [I908] 
sh.ow how some veget~ble proteins behave wh~n subjecteQ to alkaline 
hydrolysis, One gramme, air dry, of each of the proteins given in 
the table beiow was distilled with 300 c:c, of decinormal sodium 
hydroxide solution, and when 200 c,c. had distilled over, the di::;tillate 
was titrated, The residual s9lution was then made up to 300 c,c, 
with decinormal sodium hydroxide solution and the distillation 
repeate<;l. The solution was then again tpade up to 300 C,C, with 
water and again distilled, the process being repeated until practically 
nd more ammonia came over, The results qbtained are given in the 
following table :,.-

Gliadin, Legumin, Vicilin, Excelsini 
Wheat, pea; pea, Para-nut, 

Distillation, 0'9198 gm. 0'8979 gm, 0'Q264 gm, 0'9024 gm, 

lI;fgr, N, Mgr: N, Mgr,N, M'gr', N, 

I 2]'2 15'4- 17'6 Ii'S 15'4- II'4 
2 12'0 4'4- 5'8 3'6 5'2 4'5 
3 I'6 2'2 2'6 2'2 3'0 3'5 
4 2'6 1'8 1'6 ,1'6 1'2 2'4 
5 o'~ 1'8 1'6 1'2 1'6 1:4 
6 1'0 I'O I'O 0'8 '1'8 
7 I'3 I'2 I'O 1'0 1'6 
8 I'O 0'8 o'S 1'0 1'6 
9 0'6 O'S 0'4 0'6 1'6 

10 0'8 0'4- 0'4 0'4- t'6 
, II 1'4 1'0' 1'2, 0'8 1'6 

12 0'8 0'6 0'2 0'4 0'8 
13 0'6 0'8 0'4 
14 0'2 0'4 - 0'9 
IS 0'0 

-- -,-,-
Total 43'8 33'3 36'2 ' 31'4- 3I'4 35'1 

Per cent, of dry and ash-free 
protein 4'76 3'71 4'04- 3'39 3'39 3'72 

------_'--' 
Amide N , 4'30 1'69 1'70 , 1'4-8 
k' Arginine N , O'SI 1'88 1'42 , 2'25 --

Sum 4-'81 3'5,7 3'12 373 

Gliadin, which contains much amide nitrogen and but liftle argi­
nine nitrogen, and excelsin, which contains little amide nitrogen and 

1 Onslow, H, On tIle Stability of Tryptophan in Baryta Hydrolysis, Biochem, J" 
1921, IS, 383-391 , 
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V'ery much arginine nitrogen, both gave results .in close agr(!ement 
with the calculation, while legumin and vidlin yielded slightly more 
1itrogen by alkaline hydrolysi,s th,an that calculated. 

Most of the nitrogen came over in 'the first two distillations, 
:orresponding to the ease with which amide nitrogen is converted 
into ammonia by c;austjc alkalis. The nitrogen subsequently coming 
)ff as ammonia was evolved slowly in much the same way as from 
lrginine, althoug~ a little more quickly. The close agreement 
JetWeen the results thus obtained and those calcuI!"ted shows that 
:hese proteins cqntain little nitrogen which can be thu~ Converted into 
Lmmonia except the amide and .one-half the arginine Jjt'rbgen. 

i E. The Rate of Hydrolysz's '0/ Protez'ns. i 
I 1 

TJie only c<?mprenensive, study of the rate of hyclrolVsis of plant 
Jrotej'ns by means of enzymes is that of Frankel [19 16], while the 
'ate of hydrolysis of wheat gliadin by mhns of acids and\alkalis has 
)ee\1 studied .by Vickery [i92~J. • 

Frankel s,ubjected pure preparations .ofedestin, amandin, '~onglutin, 
egU1;nelin, phaseolin ~nd the globulins from cotton seed, soy-bean, 
md 'squash seed, to the successive action of pepsin, trypsin and of 
:repsin. Phaseolin, conglutin and edestin were also treated 'directly 
rvith alkaline trypsin, followed by erepsin, and with acid :pepsiii 
ollowed by alkaline erepsin. The results of his studies are shown 
)y Figs. 6 and 7, in which the extent of the hydrolysis is expresse,d as 
he ratio of the amount of a~ino nitrogen ;found at. successive peri~c1s 
o the amount found when a sample of the protem was hydrolys~ 
'lith 20 per cent. hydrochloric acid for twenty-four hours. Peps~n 

lydrolysed from 9 to I I per cent. of the peptide bonds during the 
irst three hours. The, rate of hydrolysis subsequently became much 
ilower, reaching 15' to 20 per cent. in 100 hours; during subsequent 
)erio'ds of 300 hours the maximum attained' was only 2.1 to 24 per 
:ent. 

Trypsin likewise effected a very rapid: hydrolysis during the first 
ew hours but the rate d'iminished rapidly when approximately 60 per 
:ent. o( the bonds were broken. Prolonged digestion with this 
:nzyme. acting' upon a substrate previously digested with pepsin only 
:ffected hydrolysis bf approximately 70 per cent. ofthe peptide bonds. 
rrypsit;l acting directly upon 'alkaline solutions of native proteins 
lydrolysed from 30 to 40' pet cent. of the peptide bonds within twelve 
lours (Fig. 8 and q) butlonlY effected hydrolysis of from 50 to 60 per 
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cent. during the Jopgest periods studied even when fresh enzyme 
solution was added to the digest. 

LI~CRAr'0~ Of AH/NO-Nt O(GES{'ON Senes't._'---+-i--
Pepsin I ~~uash :C>eed (rfob . 

Phaseoli (/YoCi V ---- ---- ----- ---- -
~ 17 -- --.---.-

. ? -. 

1 . ........... ..._ ..... __ .. A .. _____ .... __ ~ __ .. _________________________________ _ 

1::'0 fiovrs 

FIG. 6., 
(Reproduced by kind permission from J. BioI. Chern., I9I6, 26, 45.) 
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.~ I- --Creps.in 1 • .At' i-""'. Ph':''':Ls:e:::o!.::tin~{I'f4C:!!f1:..1 -t-""",,' -r-t-"j::-=:c::j:::::: 
~ ~ i/- ~ I .~ -~ 

,~ 8J 1'/ =-- ~~~/~-~~~~~-- --:: ~ ~~~ --:- ---- ---- ---
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..... .. /,......-F- I I 
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FIG. 7. 
(Reproduced by kind permission from J. BioI. Chern., 19I6,26, 50.) r' ", 

Erepsin acting on substrates 'previously digested with pep~in ,artd 
trypsin brought the hydrolysis uIJ'to 85 to 90 per cent. of completion, 
'T'L._ __~_ _!" 1.. __ ,1 __ 1 ___ : ____ ,1 __ ~L. ______ ,1:~: ___ ••• _~ _~1_ .. : •• _1 •• ~1_ ••• 
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~compared with the very rapid initial rate when ereptic digestion 
~followed a previous digestion with pepsin and the total hydrolysis 
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thus effected reached nearly if pot quite the same level as that 
obtainea when the three enzymes acted successively (Figs. 8 and 9). 

Although ammonia has long been recognised as a product of the 
hydrolysis of proteins and probably originates for the most part from 
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< acid amide groupings in the protein molecule, practically no study has 
been made. of the rate at which the ammonia is liberated from the 
proteins by the action either of enzymes, acids or alkalis. Vickery 
has investigated the rate at which ammonia is set free from gliadin as 
well as the rate at which the peptide bonds were broken by various 
concentrations of acids or alkalis. It was found that even 0'027 N 
hydrochloric acid set over half of the available amide nitrogen free on 
boiling for twenty-four hours. During hydrolysis with such very dilute 
acid the hydrogen ion concentration diminished as amide nitrogen was 
converted into ammonia. It is thus evident that the acidity due to 

.. ~.---------.-------- ._----

Hel 

II Hel 

N' HOI 

D 0.5 II Hel 

E 1.0 II Hel 

l' 2.0 N Hel 

G 0.2 N H2SO4 

5 10 15 20 25 30 

T.:ime in Hours 

FIG. ro. 
(Reproduced by kind permission from J. BioI. Chern., r922, 53,508.) 

carboxyl groups set free is less than that of the equivalent quantity of 
hydrochloric acid. Higher concentrations of acid liberated all of the 
ammonia at a rate depending on the concentration of acid. The 
results of this work are clearly shown in Fig. ro. It seems highly 
probable in view of the experience of Van Slyke [1912] and of 
Gortner and Holm I that a small proportion of the ammonia obtained 
on prolonged acid hydrolysis of proteins has its origin in deamination. 
Vickery found 25'0 per cent. of the nitrogen of gliadin as ammonia 
when the protein was boiled forty hours with 0'5 N hydrochloric acid 
and 25'6 per cent. when boiled for the s~me time with 20 per cent. 

1 Gortner, R. A., and G. E. Holm. The Effect of Prolonged Acid Hydrolysis upon the 
Nitrogen Distribution of Fibrin with Especial Reference to the Ammonia Fraction. J. Amer. 
Chern. Soc .. I017. ~Q. 27~6·274'i. 
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rdrochloric acid. This effect probably furnishes an explanation of 
,e fact that all the curves of Fig. 6 do not reach the same maximum 
ithin the limits of the diagram, as well as the discrepancy just noted. 

The results obtained when gliadin is boiled with 0'2 N sodium 
rdroxide [curve A, Fig. r r] show three distinct phases of the 

,..;action. The decomposition of the amide groupings takes place very 
rapidly and is practically complete within two hours. Ammonia is 
then evolved at a slower but quite uniform rate for several hours, 
doubtless representing decomposition of arginine. Finally, a point is 
reached at which only traces of ammonia are set frpe. This phase 
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probably represents other secondary decompositions. These three 
reactions run side by side from the beginning but as their rates are 
different each becomes in turn evident upon the curve. It is of interest 
to note that 0'2 N barium hydroxide effects hydrolysis of amide 
nitrogen more rapidly than does 0'2 N sodium hydroxide but causes 
less rapid secondary decomposition. 

The rate at which the peptide bonds of gliadin are hydrolysed by 
acids of any concentration presents marked contrasts to those which 
Frankel observed with enzymes. Only with normal or stronger acids 
are the rates higher than reported by Frankel for the action of erepsin 
or trypsin on protein previously treated with pepsin. With the 

1;* 
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stronger acids the initial rate of hydrolysis is very rapid but, when 
about three-quarters of the peptide bonds have been split, the rate is 
markedly slower and, except with 20 per cent. hydrochloric acid, 
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rolonged boiling is necessary to effect complete hydrolysis. With 
:) per cent. acid, however, Fig. 12 shows that hydrolysis is practically 
)mplete within twenty to twenty-four hours. 

The initial rate at which the peptide bonds of gliadin are split by 
alkalis is more rapid than that caused by acids of equivalent con- ..... 
centration, but subsequent~y becomes approximately the same. A 
surprising feature of the curves shown in Fig. 13 is that barium 
hydroxide hydrolyses the peptide union.~ta much more rapid rate than 
does sodium hydroxide of equivalent c1r1~entration. No explanation 
of this observation is at present forthcoming. 

1 
'< 

F. The Undetermined Nitrogen oj' Protein Hydrolysis. 

Tille nitrogen of the protein, other t~an the amide and the basic 
nitrogen, largely exists, so far as is gow kl1pwn, in the form of peptides • 
of a-amino-acids. It is 'not probable that all of the decomposition 
products of the proteins alre yet known, fO~\ attempts to determine the 
amount pf each of the known substances ha? in no case given a result 
which did not/fall far short of the total of the, protein. A considerable 
part of this defici t is doubtless made up of the ~nown substances tha: tare 
determined, for losses necessarily occur in the l:?rocesses of isolating and 
separating them [cf. Osborne and Hey), 1908, I ; Osborne and Jones, 
191o, 2]: This loss, however, probably does not account for aU- of the 
unknown n;sidue, even assuming the presence of oxyglutaminic acid 
recently discovered by Dakin. If it is assumed that the amino-acids that 

are fo.und in a ~ell-c~. nducted analysis?f the d. ec~~~os~tion products of a 
protem are umted lil the molecule WIth the eltmu\.atlOn of water, and 
that the dibasic acids are united to an amide group \rhich replaces one 

} 

hydroxyl, and the sum of the percentages of these radicals is subtracted 
from roo, the percentages of t}:le unknown residue can be approximately 
estimated. If the nitrogen unaccounted for in the sam~ analysis is 
cakulated as per cent. of this unknown 'residue, it is found that in the 
::ase of gliadin this unknown part contains 13'3. in excelsin I4'0, and 
tn legumin 14'3 per cent. of nitrogen. Among the known mono­
amino-acid? yielded by proteins this percentage of nitrogen is equalled 
)nly by glycocoll, alanine, tryptophan, and serine, even if the calculation 
is made for the radicals in polypeptide union, that is, after subtracting 
:me molecule of water from their molecular weights. In making this 
:alculation no account is taken of the fact that the amount of the 
amino-acids isolated in a condition fit for weighing is distinctly 'jess 
,han the quantities actually yielded by hydrolysis. As this loss falls 
nostly on substances which contain less than 13 per cent. of nitrogen, 
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the actual proportion of nitrogen in the unknown .residue of the protein 
must be even higher than that indicated by the above calculation. As 
it is improbable that this unknown residue is wholly made up of un­
determined quantities of the four amino-acids above mentioned, it is 
fair to presume that the proteins contain a considerable amount of 
some still unknown substance or substances relatively rich in nitrogen 
[cf. Emil Fischer 1]. 

G. Sulphur in Vegetable Proteins. 

It has been demonstrated that many proteins yield cystine on 
hydrolysis, and the probability has become great that much, if not all, 
of the sulphur of some of them is cystine sulphur. The fact that 
cystine is a constituent of the protein shows that there must be at 
least two atoms of sulphur in their molecules. 

With the exception of one or two unsatisfactory observations, no 
proteins have been described which contain no sulphur whatever. Only 
one carefully studied vegetable protein has yet been obtained which 
contains so small a proportion of sulphur as to make the existence of 
sulphur-free protein in any way probable. This protein is vicilin, 
obtained from several leguminous seeds, some preparations of which 
have been found to contain as little as o· I per cent. of sulphur. The 
sulphur content of various preparations of vicilin, which were obtained 
by Osborne and Campbell [r 898 r, 2, 3, 4], by fractional precipitation, 
fell between 0·2 and o·r per cent. The accuracy of the determinations 
in these different fractions was established by repeated closely agreeing 
determinations, and there can be no doubt that differences in the sul­
phur content of these fractions actually existed. In view of this vari­
able content in sulphur and of its very small total amount, it is possible 
that these preparations of vicilin were mixtures of different proportions 
of sulphur-free and sulphur-containing proteins. In no other case has 
better evidence of the possible existence of sulphur-free protein yet 
been obtained. . 

Numerous attempts have been made to establish a definite ratio 
between the sulphur which can be split off as sulphide by b~iling with 
alkalis and the total sulphur of the protein. In every case the amount 
of sulphide sulphur thus obtained was less than the total sulphur, and 
it was for a long time assumed that this fact showed the presence of 
two different forms of sulphur in the protein molecule. Experiments 
with cystine show that not more than two-thirds of the sulphur which 
this substance contains can be converted into sulphide by boiling with 

1 Fischer. E, Die Chemie der Proteine und ihre Beziehungen zur Biol!gie, ~itzungsber. 
der koniglich preussischen Akadeq\ie der Wis~enschaften. Igo7. 35'56. I 
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lkali, and that, unless special care is taken, the proportion obtained 
; but little more than one-half Therefore, unless the proportion of 
Illphide sulphur is decidedly less than that yielded by cystine, the fact 
~at only a part of the protein sulphur can be converted into sulphide 
; not necessarily evidence of the existence of two forms of sulphur in 
~e protein molecule. 

Determinations of the total sulphur in a number of vegetable pro­
~ins have led to constant results, so there is no doubt that these 
roteins contained definite quantities of sulphur. Determinations, by 
>chulz' method, of the sulphur of different seed proteiqs, converted 
ltO sulphide by heating with caustic soda, likewise yielded uniform 
~sults which are given in the following table, together~With similar 
~sults Qbtained with some animal proteins which are introduced for 
ompat:lson ;-

RATIO OF SULPHIDE SULPHUR TO TOTAL SULPHUR. \ 
Total Sulphide Per cent. of total 

Sulphur, SUlphur. Sut~hur as Sulphide, 

, 
Seralbumin 1'9301 1'280 ' 66 
Oxyh;emoglobin, dog. 

" 
0'5682 0'335 59 

Se~globulin, horse I'lIOs 0'630' 57 
Gliadin . . 1'027 0'619 60 

Conglutin, blue IUPine{d: 0'393 0'262 66 ! 
0'359 0'239 66 

{ 1. 
0'530 0'344 l 65 

Conglutin, yellow lupine II. 0'954 0'558 58 
III. 1:'378 0'889 

~~l Oxyh;emoglobin, horse 0'380• 0'190 1 

Vignin 0'426 0'214 50 
Amandin 0'429 0'217 50 
Globin 0'420' o'zoo] I 

4
8 ~i Glyci~in 0710 0'320 46 

Vicilin 0'200 0'092 
4
6

1 Legumin 0'385 0'165 41~ Edestin 0'880 0'346 

Ii} Zein. f 0'600 O'ZIZ 

Ovovitellin 1'028 0'348 
Fibrin .1 1'1008 0'380 ~ 34 t 
Excelsin 1'086 0'350 32 
Ovalbumin 1'616 0'491 30 
Phaseolin 0'312 0'072 23 i 
Casein 0'800 6,7 0'101 13 k 

1 Schulz, F. N. Die Bindungsweise des Schwefels im Eiweiss. Zeit. physio!. Chern., 
898, 25, 16'35· 

• Jaquet, A. Bei/rage zltr Kmntniss des Blutfarbstoffes. Zeit. physio!. Chern., 1890, 
4, 289'296. 

3 Harnrnarsten, O. Ueber das Fibrinogen. Pflager's Archiv, 1880,22,431'5°2. 
4 Zinoffsky, O. Ueber die Grosse des Hiimoglobi1llnoleciils, Zeit. physiol. Chem., 

886, 10, 16'34. 
5 Kruger, A. Ueber den Schwefel deT Eiweissstoffe. Pfluger's Archiv, 1888, 43, 

44.264. 
6 Chittenden, R. H., and H. M. Painter. Caseitt and its Primary Cleavage Products. 

>tudies from the Laboratory of Physiological Chemistry of Yale University, 1885.1886, 2, 

56-1 99. 
7 Hammarsten, O. Zm' Frage, ob das Casein ein eillheitlicher Stoff sei. Zeit. physio!. 

;hem., 1882, 7, 227'273· 
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If'we assume that the proteins given in the following table contain 
cystine, and that the amount of sulphide sulphur obtained from them 
by Schulz' method is equal to only two-thirds of the sulphur actually 
present in this cystine, we find that the proportion of the total sulphur 
still unaccounted for is greater than any probable error involved in the 
analyses by quanti~ies so considerable that we are forced to conclude 
that many of these proteins contain sulphur in some complex other 
than cystine~ 

Difference unaccounted for 

Total Sulphur, Cystine Sulphur 
calculated, per cent. of the 'per cent. of the Per cent. 

Protein. Protein. Per cent. of the of the 
Protein. total 

Sulphur, 

Oxyhremoglobin, horse 0'380 0'285 0'100 26
1 Vignin 0'426 0'321 0'105 24 

Amandin ., 0'429 0'326 0'103 24 
Globin 0'420 0'300 0'120 29 
Glycinin 0710 0'480 0'230 32 
Vicilin 0'200 0'138 0'062 3 1 
Legumin 0'38 5 0'248 0'137 3 6 
Edestin 0'S80 0'5 1 9 0'361 41 
Zein -0'600 0'318. 0'282 47 
Vitellin, hen's egg-yolk 1'028 0'522 0'506 49 
Fibrin rIOO 0'570 0'530 4 8 
Excelsin 1'086 0'52 5 0'561 51 
Ovalbumin 1'616 0'737 0'879 

I 
54 

Phaseolin, 0'31 2 0'108 0'204 65 
Casein 0'800 0'150 0'650 SI 

In connection with sulphur in vegetable proteins, attention should 
be called to the unique protein which Kotake and Knoop [191 r] found 
in the latex of Antiart's to.~t'cari'a, This was obtained in crystals 
giving all of the colour reactions of proteins, anG contained 7'2 per 
cent, of sulphur. After hydrolysis cystine equal to 10'6 per cent, of 
the dry protein was isolated in a state of purity, a quantity far greater 
than has heretofore been obtaineq from any known protein, 



CHAPTER X. 

THE PROTEINS OF GREEN PLANTS. 

VARIOUS. plants contribute largerl~mounts of protein to the ration of 
farm animals but pra<:tically no .hipg is known of the chemistry of 
these proteins, even their proportiorl\ not yet being established. It is 
true that .the agricultural chemist\\ states the percentages of protein in 
green fodde.rs, but his ana,lyses ar~ ~ade by in~irect methods .founded 
on assumptIOns unsupported by sa~lsfactory eVIdence. A serIOUS gap 
therefore exists in our current kno~ledge of the chemistry of nutrition 
which makes it impossible to apply to the practical problems of feeding 
on the farm what has been learned olf the nutritive value of the proteins 

t 
Of seeqs as well as of the protein con,centrates. 

Our present meagre knowledge o{ the prot!'!in constituents of living 
pl,ants is chiefly due to the difficulties encountered in separating the 
contents of the cells from their enveloping walls. Attempts to grind 
the fresh leaf and extract the contents' of the cells with water result in 
mixtures that cannot ,be filtered clear, and consequently appear to 
present no opportunity to obtain the protein in a state fit for chemical 
examination. Extr.acting dried leaves ,\with water yields solutions 
conta,ining only a part of the total nitrog.en, and most of this soluble 
nitrogen does not belong to protein. S~:h solvents as are usually 
used for extracting proteins from animal tissues, or from seeds, fail to 
dissolve much of the residual nitrogen. 

In consequence of these facts little chemical evidence has been 
obtained of the nature of the compounds containing a large proportion 
of the nitrogen in any plant. 

Uno [I902] stated the percentage of protein obtained by coagu­
lating the expressed juices of the lea,ves, flowers, roots and stems of 
many species of plants, but, as he gives no evidence of the amount 
or nature of the protein in this coagulum, his work contributes little to 
our knowledge of this subject. 

The first serious attempt to isolate the protein in quantity from 
leaves was made almost simultaneously by Osborne and Wakeman 
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[I920] who used spinach leaves, and by Chibnall and Schryver [I92I] 

who worked with cabbage. 
Osborne and Wakeman found that by grinding the fresh leaves in 

suitable mills and centrifuging at high speed opaque green solutions 
could be obtained which were free from all suspended particles except 
those of extremely small size visible only under the higher powers of 
the microscope. By adding about 20 per cent. of alcohol to these 
solutions, which contained the greater part of the protoplasm of the 
cells of the leaves together with the co~tents of the vacuoles, a volumin­
ous precipitate separated which consisted of protein together with 
a considerable quantity of other substances previously in colloidal 
solution. 

Chibnall and Schryver found that by treating the ground leaves with 
water saturated with ether (employed as a cytolytic agent) opalescent 
colloidal solutions were obtained from which flocculation of the colloid 
takes place, either on standing at 20°, or more rapidly on warming 
to 40°. Subsequently Osborne, Wakeman and Leavenworth [1921] 

showed that, by grinding and pressing fresh young alfalfa plants, it is 
possible to obtain large quantities of the undiluted juice free from 
chlorophyll and all suspended particles. This juice is a yellow brown 
colloidal solution, transparent in thin layers by transmitted light, but 
opaque and almost black by reflected light. Qn the addition of about 
20 per cent. of alcohol a voluminous precipitate forms which contains 
nearly all of the protein and other colloids in the juice. This precipi­
tate, which when washed and dried at 107° contains about I I per cent. 
of nitrogen and 12 per cent. of ash, is a mixture of protein, calcium 
salts of both phosphoric and organic acids and also of colouring sub­
stances, possibly related to the flavones. When treated in the moist 
state with 75 per cent. alcohol containing 0'1 per cent. hydrochloric 
acid, about one-fourth dissolves, none of which is protein, but most of 
which is calcium, phosphoric acid and organic substances. About four­
fifths of the nearly nitrogen-free solids thus dissolved are pre,cipitated 
by neutralising, nearly 90 per cent. being inorganic. 

Dilute aqueous hydrochloric acid likewise dissolves none of the 
protein, notwithstanding the fact that this is thereby converted into 
a hydrochloride containing about 3'5 per cent. of hydrochloric acid. 
Subsequent extraction with boiling absolute alcohol removes a notable 
quantity of a very dark red-brown colouring matter which is readily 
soluble in absolute alcohol. When the solution of thiS' Golouring 
matter is poured into distilled water a colloidal solution r':f3ults which 
does not settle out over night, but separates at once on adaing;tl small 

f 
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nount of hydrochloric acid and sodium chloride. The residue after 
lUS extracting with aqueous hydrochloric acid, ether and alcohol con­
dns 0'62 per cent. of ash and the ash-free substance 14'6 per cent. of 
itrogen, of which 6'6 per cent. is converted into ammonia by hydro­
rsing with hydrochloric acid. It also contains 0'83 per cent. of phos­
horus and 0'95 per cent. of sulphur. When the above moist residue 

suspended in water it settles very slowly and incompletely, but 
!parates immediately as a coarse flocculent precipitate wren dilute 
)dium hydroxide solution is carefully added to the isoele'ldc point. 
'he clear filtrate from this precipitate contains sodium chlo,id~ equal 
) the sodium hydroxide added, and equivalent to 3'5 per cent. of 
ydrochlo~ic acid in the solids thus treated. Deducting this tombined 
:id the residue contains nitrogen equal to 15'1 per cent{ These 
)lids, consequently, consist chiefly of protein hydrochloride. ~\ 

Whe,n this is suspended in water at the room temperatur~ none is 
oissolved, as shown by the absence of a biuret reaction in the1 filtered 
solution. At temperatures, approaching 100

0
, however, it is c09verted 

into 'it clear yellow jelly which ddes not pass into a true solution, even 
after long heating. After cooling, the addition of an excess of hydro­
chloric acid, or of sodium chloride, converts this jelly into a coarse 
flocculent precipitate resembling an ordinary prot~in coagulum, such 
as is commonly produced by heating. This settles rapidly, leaving 
the solution clear. A little colouring matter is thus removeq, as 
shown by the strong yellow colour of the filtered solution when made 
alkaline. An excess of sodium ,hydroxide above that required \to 
neutralise the combined acid produces a viscid, deep yellow coIIoi~1 
solution which is very difficul~ to filter even when highly diluted, an'a 
though appearing almost clear is quite opaque in a beam of sunlight. 
The precipitate produced by acidifying contains the same percentage 
of nitrogen as that of the substance from which it was derived. 

The behaviour of this product towards acids and alkalis is so un­
like that of most native proteins as to suggest that it is a combination 
of protein with some as yet unidentified complex. This view is sup­
ported by the fact that, like the corresponding product from the 
spinach leaf, when it is boiled. with 60 per cent. alcohol containing 0'3 
per cent. sodium hydroxide the combination is apparently hydrolysed, 
since after the protein is precipitated with acid its nitrogen content is 
raised to 16'3 per cent. As this precipitate is then readily soluble in 
an excass of either acid or alkali and the solution from which it 
separates contains a notable quantity of colouring matter, it is possible 
that the protein in the original colloid precipitate is combined with 
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the coloured complex, It is likewise probable that the protein moiety 
suffers from the action of the hot alkali and that some of _its amide 
nitrogen is converted into ammonia, This' decomposition, however, 
is not so great as one would expect since the percenta~e of the total 
nitrogen converted into ammonia by complete hydrolysis with acids 
is reduced by this treatment only from 6'6 to 5 '9 per cent, The 
fact that only 10' 3 per cent. of the total nitrogen of the original pro­
duct is found in the filtrate from the precipitate produced by acidifying 
the hot alkaline alcohol solution is further evidence that the protein 
moiety of this product is not hydrolysed by the hot alkali to any great 
extent. 

The alfalfa protein thus prepared gives the following results on 
analysis ;-

Ammonia nitrogen, 
Humin 
Basic " 
Non-basic" 

Total nitrogen 

Tyrosine 
Histidine 
Arginine 
Lysin.e . 

Total nitrogen 

Protein. 
per cent. 

0'96 
0'60 
376 

n'04 

. Protein. 

• 
Nitrogen. 
per cent. 

5'86 
3'67 

22'98 
67'49 

100'00 
= 

per cent. per cent. 
3'19 
2'56 (containing N = 0'69) 
TIl ( " = 2'29\ 
3'34 ( " ='0'64) 

The results of this investigation of the alfalfa juice show that the 
colloid precipitate produced by adding 20 per cent. of alcohol consists 
chiefly of three groups of substances, each having pronounced colloidal 
character, namely, calcium phosphates, colouring matters, and protein, 
the latter probably combiped with a coloured complex and conse­
quently belonging to the group of conjugated proteins. 

The filtrate from the colloid precipitate contains much riitrogen 
but very little protein, probably less than I per cent. of the solids of 
the plant. Some of this protein can be coagulated by heating the 
acidified solution, but more of it has the properties characteristic of 
proteoses, Neithe~ of these protein fractions have been studied, 

After removing the water-soluble constituents of the alfalfa 6'4 
per cent. of its solids and 2 per cent. of its nitrogen are dissolved by 
extracting with strong alcohol. This extract contains no protein but 
all of the chlorophyll together with other substances, the nature of 
which has not yet been learned, . 

The plant residue which remains after tEe above extractions with 
I 
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:er and alcohol contains more than half of the nitrogen of the 
nt. 

About 14 per cent. of this residual nitrogen can be extracted by 
~ .. ..lte aqueous solutions of sodium hydroxide at room temperature, but 
mlya part of this separates on acidifying; This precipitate contains 
loth protein and pentosans. By boiling the plant residue with 60 
Jet' cent. alcohol containing 0'3 per cent. sodium hydroxide most of 
he remaining nitrogen can be extracted, leaNng a residue of plant fibre 
:qual to 32 per cen~. of the original dr1 s._olids of the alfalfa but 
:ontaining ol}ly 5'6 per cent. of its nitrogen~ \ 

The cautious addition of acid to the, alkaline alcohol e,xtract 
Jrec'ipitates protein containing 60 per cent. bf the dissolved nitrogen. 
;ome, if' not alI, of the remaining 40' per ~nt. of the nitrogen may 
lave been derived from the same protein, as that yielding the 
)recipitate, its solubility being due to hydrolytic changes caused by 
he hot alkali. \ • 

This protein remaining in the residue afte\ extra<;:tion with water 
.nd alcohol behaves much like tl;lat found in' the colloid which is 
Irecipitated by alcohol from the juices of the plant. That it too may' 
Ie combined with the flCJ.vone-like pigment is indicated by the liberation 
,f a relatively large proportion of the latter simultaneously with the .. 
Irotein when the plant residue is heated with alkaline alcohol. . 

Whether the colloid precipitate produced by adding alcohol to the 
'x pressed juice ,of the al(alfa plant is to be considere,d as a constituent 
If the contents of the vacuole and sap or simply fS a part of the J 
lrotoplasm which has been dispersed in these fluids b!\_grinding in the 
nill, cannot be decided from such data as we now have, Evidence 
hat the .latter supposition may prove true is given by eXperiments 
ecently made by Chibnan[~923] in the author's laboratory. Spinach 
~af cells were plasmolysed by means of ether, and pressed out in the 
lydraulic press. The pressed residues were then allowed to imbibe 
~ater and subsequently ,pressed, This operation does not rupture the 
eaf cells and yields a brown juice which has a slight Tyndall effect, 
)n adding about 30 per cent. of alcohol a white precipitate separates 
ontaining 32 per cent. of ash and only 2'4 per cent. of nitrogen, in 
ontrast with over 10 per cent. found in the colloidal precipitates 
lerived from either spinach or alfalfa leaves by the method previously 
Ie scribed. After distilling out the alcohol at a low temperature, the 
lltrate gives a coagulum on boiling which contains about 14'5 Fer 
:ent. of nitrogen equal to about 1'5 per cent. of the total leaf nitrogen, 
)re.:mmably this represents either globulin or albumin. When the 
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cells of the residue from which the water-soluble constituents have 
been thus removed are ruptured by grinding with water, the colloidal 
substances become dispersed in the water and are thus readily removed 
from the solid residue by pressing. The expressed deep green fluid 
when passed through a felt of paper pulp is dark brown and when 
treated with a little acetic acid yields a flocculent precipitate. When 
this is washed with alcohol and then with ether it forms a nearly white 
powder which on drying contains 14'9 per cent. of nitrogen and only 
1"7 per cent. of ash. The ash-free substance therefore contains 15'2 

per cent. of nitrogen. 
Although sufficient data are not yet availaole for a discussion of 

the relations of the fluid thus obtained from the plasmolysed cells to 
the fluids obtained by grinding the fresh plant directly, we seem 
justified in concluding that the much larger quantity of precipitate 
produced by alcohol under the latter conditions originates from the 
protoplasmic matter of the cells and that the substances in the filtrate 
in both cases represents the contents of the vacuoles. It thus appears 
that Chibnall's method yield3 the protein of the protoplasmic lining 
of .the cells of the leaf in a much purer condition than when the cells 
are ruptured by grinding before removing the water-soluble constituents 
of the vacuole, and therefore offers a better opportunity for' studying 
these two parts of the cell than has heretofore been available. 

The results obtained by Chibnall and Schryver in their studies of 
the cabbage, scarlet runner bean, and spinach plants show that the 
proteins in the leaves of these plants are similar in their general 
properties to those of the alfalfa plant. 

It js too early to generalise concerning the proteins of green plants, 
but it would appear from what is now known that relatively very 
sma1l' quantities of albumins, globulins or proteoses are present in the 
juice, and that most of the protein of the plant occurs as a hitherto 
unrecognised type which is unlike any of the native proteins thus 
far described in its behaviour towards acids or alkalis. 



CHAPTER XI. 

THE NUTRITIVE VALUE OF THE VEGETABLE PROTEINS. 

THE recognition of the wide differences in the chemical constitution 
of the individual proteins obtained from vegetab&, sources raised the 
question of their relative value in nutrition, abo'u~ which little was 
known at the time the first edition of this monogra:~h\;vas written. 

All previous attempts to feed isolated protems in supposedly , 
adequate artificial mixtures of purified _foodstuffs !had failed because 
these were never eaten in sufficient quantity for ~ore than a short 
time. After Osborne and Mendel [191 I, I] <;liscover.ed that by using 
"protein-free milk" foods could be. made containing, one or another 
purified protein, on which, for the fiht time, not onl~ adult rats were 
maintained but young ones grew at a normal rate for several weeks, it 
became possible to compare the relative nutritive va1ue of different 
proteins in a way fairly satisfactory. 

These experiments fall into two groups, one dealing with the 
individual proteins, Jed as prepared in the laboratory, the other 
with mixtures of proteins as they occur in seeds, or in'the parts of 
seeds used for feeding men or animals. These groups' should be 
considered separately. , 

The experiments with the pure proteins likewise fall \nto two 
groups: (a) those designed to show whether the protein in qaestion is 
alone adequate for majntenance or growth; and (b) those designed to 
show how little of it is needed, either to maintain the animal, or to 
promote its growth at a normal rate. 

Experiments of the type of group (t;l) have definitely proved that 
the nutritive value of a protein, or of a mixture of proteins, is deter­
mined by the minimum quantity of anyone essential amino-acid 
which they yield on digestion, but they do not give any information 
respecting the relative value of different proteins which yield some of 
each of the essential amino-acids. The results must be regarded 
simply fis qualitative, not quantitative. 

Group (b) involves the quantitative relations of the proteins in 
nutrition. If the relative nutritive value of different proteins is to be 

95 
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established, it is necessary to know how much of each protein is 
nee,ded to secure a normal rate of growth. For this purpose experi_ 
ments of a type entirely different from those just described must be 
made. 

The .effect of \ike quantities of two or more proteins on the 
rate of growth must be compared. In conducting such experiments 
difficulties are encountered which have often misled those who failed 
to appreciate the experimental limitations. 

In respect to maintenance experiments designed to show whether 
or not any individual aJl!ip.o-acid: is essential, no decisive experiments 
have ever been made, except those w:ith zein and tryptophan. Such 
experiments relate to the physiological requirements of the animal 
and are of so little importance in respect to the relative nutritive value 
of the proteins, which is the subject of th~s chapter, that they will be 
dismissed without further discussion. 

In regard to growth the situation is different, for here we have 
evidence that notable amounts of essential amino-acids must be avail­
able before their presence is revealed by growth. Thus we ~ow know 
that gliadin yields nearly one per cent. of lysine, yet when young 
aqirnals are fed OlL an otherwise adequate diet containing 18 per cent. 
9f this protein and the water-soluble vitamin is supplied daily by 
tablets containing 30 milligrammes of a yeast fraction (a dose de­
monstrated to be ample for normal growth and containing less than 
3 milligrammes of nitrogen) they do not grow at all. The, lysine 
furnished by the gliadin is no mo~e than is needed for maintenance. 
Furthermore, when the diets cont;;:t~ning 28 per cent. of "protein-free 
milk," I 8 per cent. of zein and o'S per cent. of tryptophan are fed no 
growth whatever can be made until lysine is added, thus proving that 
whatever quantity of lysine may be yielded by the" proteincfree milk" 
it is no mtre than enough for maintenance. When young rats are 
fed on diets· containing 28 per cent.. of " protein-free milk," 13'5 per 
cent. of zein and 4'5 per cent. of casein, which yields at least 1'5 per 
cent. of tryptophan, alm.ost no growth is made until more tryptophan 
is added. They then grow very rapidly, thus demonstrating that the 
casein furnished very littlt! more tryptophan than ,is necessary for 
maintenance [1914, I]. 

The experiments just cited dearly demonstrate that the" protein­
free milk," even when fed in such large proportion of the food, does 
not furnish et:J.ough of either tryptophan or lysine to affect the "experi­
ments by whi.ch a deficiency in these tWQ essential amino-acids has 
been regarded as demonstrated. 
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The difficulties encountered in experiments with "protein-free 
milk" have long 'been recognised by Osborne and Mendel who for 
this reason some years ago abandoned the use of this source of water­
soluble vitamin in favour of dried brewery yeast or extracts derived 
therefrom which can be fed in small tablets apart from the food. In 
this way the amount of nitrogen in the vitamin-bearing addition to the 
diet is reduced, but the use of yeast is subject to criticisms of the same 
type as those applying to "protein-free milk," though with less force, 

Although the relative nutritive values of individual proteins have 
not yet been demonstrated beyond criticism, the outcome of some of 
the experiments has not been seriously affected by the difficulties just 
discussed, while that of others has given a better basis for com~arison 
than have the results of the old time methods based on I1Itrogen 
equilibrium. 1'he available data will therefore be reviewed \n \he 
following pages with the understanding that the reader will keep in 
mind the shortcomings of the methods by which they have \been 
obtained and not ascribe to t\1em an importance which, is undeser.ved. 

The proteins, thus far fed" have been obtained from three groups 
of plants, . namely the ~ereals, 'legumes and ,some other species whose 

d . h . '1 I I see s are nc In 01 • l 
N early one-half of the total proteins of the maize kernel is zein 

which contains no glycocoll [Osborne and Clapp, 1908, 2J, tryptoph~n 
[Osborne and Harris, 1903, 6], lysine [Osborne and Leavenworth, 
1913], oxyproline or isoleucine [Dakin, unpublished communication].\ 
Osborne and Mendel [1914, I; 1916, I] found that rats of all ages 
rapidly declined and died on diets containing about 15 per cent. of 
their calories in the form of zein unless tryptophan, equal to about 0'5 
per cent., was added to their food. Little, if any, decline in weight then 
occurred even during 100 days, but no,growth took ~place until a 
~imilar quantity of lysine also was added. Inasmuch as ~rowth was 
then at a nearly normal rate we are justified in assuming that the 
qualitative deficiencies of zein are made good by tryptophan and 
lysine, since these two amino-acids were th~ only variables in the 
diets. 

Unless the unknown constituents of the "protein-free milk" 
furnished sufficient glycocoll, oxyproline and isoleucine, to enable the­
young rats to grow at a nearly normal rate, which seems at best very 
doubtful, we can conclude that these three amino-acids are not essential 
for growth. If futUre experiments made with some concentrated pre­
paratio~ of the water-soluble vitamin should confirm the above con­
clusion the nutritive value of the other amino-acids and the conception 

7 
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of the amino-acids serving in nutrition as " building stones" would be 
questionable. 

Similar experiments with gliadin, which yields a very small amount 
of lysine [Osborne and Leavenworth, 1913], and also with hordein 
from barley, which likewise yields but little lysine [Johns and Finks, 
1919], showed that these two proteins furnish enough tryptophan for 
maintenance but not enough lysine to permit growth. Hogan [1918] 
has shown the same to be true for kafirin from sorghum, but this protein 
is also deficient in cystine. 

The prolamins of these cereal grains can be supplemented also by 
combining them with other proteins containing the lacking amino-acids 
as effectively as by adding the amino-acid itself. It is for this reason 
that normal ,growth can be made when the total protein of th~se seeds 
is fed in sufficient amount [Osborne and Mendel 1920, I] since, besides 
the prolamins, these seeds contain also a nearly equal amount of a 
protein belonging to the group of glutelins, each yielding the amino­
acids in which the accompanying prolamin is deficient. Thus, Osborne 
and Mendel [1912, I] have shown that young rats can grow at a 
normal rate when either maize or wheat glutelin forms the sole protein 
of the diet with the exception of the small amount present in the 
"protein-free milk" which served as the source of water-soluble 
vitamin. 

I 

Besides the prolamins and glutelins each of these seeds of the 
,cereals contains a small proportion of other proteins concerning the 
Jlutritive value of which, in their isolated state, nothing is yet known. 

The proteins obtained from leguminous seeds present especial 
interest. While nearly all of these, so far as known, are not wholly 
deficient in any essential amino-acid, their purified preparations fail to 
promote normal growth, even when fed at high percentage levels. 

The first observation of nutritive deficiencies of proteins from 
leguminous seeds was made by Osborne and Mendel [1911, I; 1912, I] 
who found that when phaseolin, which constitutes the chief protein 
of the kidney bean, Phaseolus vulgaris, was fed together with" protein­
free milk" young rats lost weight, but regained this rapi'dly when the 
phaseolin was replaced by edestin, or by casein. They later found that 
when the phaseolin had been cooked with water, or dissolved in alkali 
and reprecipitated by acid, the young' animals, while maintained' for 
many weeks, gained very little in weight. Osborne and Mendel 
(unpublished) also found thatthe cooked phaseolin was better. utilised 
by the animal than the raw. Waterman and Johns [1921] later 
attributed the improvement in nutritive value after heatiDg this protein r ., 
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with water to the greater digestibility which they observed in vitro. 
Johns and Finks [1920] found that by adding 0'36 per cent. of cystil1e 
to the food containing 18 per cent. of cooked phaseolin the diet was 
rendered adequate for growth at a normal rate. 

Phaseolin contains about 0'3 per cent. of stilphur, the exact 
amouqt being still a maher of doubt [c£ 9~borne, I902, 3]. Of this 
approximately one-fourth, equal to 0'07 Pfr c, ent., is converted into 
sulphide by heating with alkalis. Casein \~ontains 0'8 per cent. of 
sulphur, only one-eighth of which can be converted into sulphide. If 
the cystine content of a protein can be rotighly estimated from the 
sulphide sulphur, assumed to be equal to two-tpirds bf the total sulphur 
of cystinei phaseolin and casein respectively c~l1tain about 0'4 and 0'6 
per cent. of ,this amino acid. ' If the failure qf rats to grow on the 
phaseolin diet is due to a deficiency in cystine, as it certainly appears 

~ ~ 

to be, it is surprising that normal growth 'should\be made when a like 
quantity of casein is substituted for the phaseolin. There are two , " 
possible explanations for this; one that the cyst}ne in phaseolin is 
combined with other amino-acids in a peptide union' unhydrolysable by 
the enzymes of the digestive tract; the other, that 'the sulphur of the 
casein whith is not converted into sulphide by heating with alkalis 
serves as a source of sulphur as does cystine itsel£ It may be that 
cystine does not function simply as an amino-acid but rather as a 
source of available sulphur. 

Although the proteins of the adsuki bean, Phaseoius angularis, 
closely resemble those of the kidney bean [Osborne and Campbell, 
1897, 5; Osborne

l 
and Harris, 1903, I; Jones, Finks and G,ersdorf, 

1922], Johns ,and Finks [1921] found that when 18 per cent.,of the 
uncooked isolated globulin from this seed was fed with" protein-free 
milk" young rats grew at about two-thirds of the normal rate, and 
when 0'36 per cent. of cystine was added to the food the rate of 
growth was normal. 

According to Johns and Finks [1918] most of the protein of the 
Chinese velvet bean, Stizolobium niveum, consists of the globulin, 
stizolobin, which can be precipitated either by dialysing or by heating 
sodium chloride extracts to boiling. Young rats rapidly lose weight 
when fed on diets containing 18 per cent. of the preparations obtained 
by dialysis, but grow normally on those containing preparations made 
by boiling [Finks and Johns, 1921]. 

C<;mglutin from the seeds of the yellow lupin, Lupinus luteus, 
contains about 0'5 per cent. of sulphur, two-thirds of which, like that \ 
of cystine, 'is converted into sulphide by heating with alkali [Osborne, 

7· 
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1902, 3]. Nevertheless, Osborne and Mendel [1912, IJ found that 
conglutin merely suffices to maintain young animals without growth. 
Later unpublished experiments made with otherwise adequate diets 
including the fat-soluble vitamin gave no better results. A diet con­
taining 9 per cent. of conglutin and an equal quantity of phaseolin, 
both of which had been. heated with water, also failed to promote 
growth. 

They also found [1912, IJ that legumin from the garden pea, Pisu11t 
sativum, sufficed for slow growth wren fed at ail ~ 8 per cent. level, and 
that growth was distinctly better after the raw protein had been replaced 
by cooked. Legumin from vetch seeds, Vicia sativa, under similar 
conditions of feeding, led to $lightly better growth than did that from 
the pea, while later unpublished experiments showed that heating with' 
water did not improve the growth-promoting properties of this protein. 
Analyses of the faeces of rats fed on this protein showed' them to 
contain only 10 per cent. of the ingested nitrogen, from which it 
appears that the legumin was as weIl utilised as is the average food 
protein. 

When vignin from the cow-pea, Vigna sinensis, was the sole protein 
of the diet the animals grew very slowly for many weeks, but when 
the vignin was heated with water growth was more rapid. 

Legumelin, found in smaIl proportion in several leguminous seeds 
by Osborne and Campbell [1898, 5J, is distinctly diffe~ent in properties 
and constitution from the other proteins, with which it is associated. 
These differences are reflected in its nutritive properties, if the fact that 
fairly rapid growth was made on a diet containing" protein-free milk" 
and I 8 per cent. of a preparation obtain,ed from the pea can be accepted 
as characteristic of legumelin from the seeds of other species. . 

Unfortunately the experiments with legumin, vignin and legumelin 
were all made before the need of the fat-soluble vitamin was recognised, 
but, as normal growth was made under similar conditions when equal 
.quantities of other proteins were, fed, it is improbable. that the outcome 
of these experiments was affected thereby. 

Sure [I920J showed that rats fed on a low calorie diet containing 
18 per cent. of arachin, the chief protein of the pea-nut, Arachis 
hypogea, grew very little during several weeks, even when cystine, 
tryptophan, the "leucine fraction" of amino-acids and I-proline were 
added. No better growth was made when the rats were fed on a 
mixture of arachin and conarachin, in the proportion in which~ these 
two globulins are extracted from the pea-nut by salt solution. In 
these experiments the alcoholic e.xtra~t of ether-extracted wheat 
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germs was used as a source of water-soluble vitamin. The mixed 
globulins extracted from the pea-nut by salt solution, as well as 
preparations obtained by extracting the entire seed with alkali and 
precipitating with acid, have likewise proved inadequate for growth 
when fed in the author's laboratory with "protein-free milk" and 
butter fat as sources of vitamins. Rapid growth, however, occurred as 
as soon as diets were fed which contained an equal amount of protein 
supplied by oil-free pea-nut meal (unpublirhed). This experience 
agrees with that of Daniels and Loughlin [19 I SJ. 

Osborne and Mendel [19I2, I] showedl tl}at normal growth is 
made by young rats fed on diets containing'. ptotein-free milk ,. and 
18 per cent. of edestin, cucurbitin, excelsin ot. the globulin from the 
cotton-seed: Johns, Finks and' Paul [1919] \'ound the same to be 
true for the globulin from coconut presscake, and that it was equally 
efficient when 2 per cent. of yeast was included in the food, instead 
of 28 per cent. of " protein-free milk." \ 

What has been said' respecting the uncertainties pertaining to 
attempts mad~ to cqmpare two or more isolated proteins applies with 
even greater f?rce to comparisons respecting the. total protein con­
tained in different natural food products. No seM is known which 
does not contain several different proteins and: in every case examined 
it has been found that seeds containing a protein deficient in op.e 
or more amino-acids also contain another protein in which these 
amino-acids are present. It is therefore obvious that we cannot con­
clude that because a considerable part of the protein i'solated from a 
given seed fails to meet the nutritional needs of a growiAJ; animal that 
the mixture of protein in the entire seed is inferior. Unfortunately 
it has not been pbssible to obtain from any seed a preparation which 
strictly repr.esents its total proteins in the proportion in which these 
naturally occur. It is therefore necessary to prepare diets which 
include the entire seed in question as the sole source of protein. 
Many experiments have' been made with such foods, but these involve 
the introduction of relatively large amounts of non-protein substances 
which are not alike for any two vegetable food products. The results, 
therefore, cannot be accepted as necessarily representing the influence 
of the protein alone on nutrition. In so far as such experiments are 
planned to show the food value of the entire seed, or other vegetable 
product, they may yield useful results and in many cases give an 
appro.ximate idea of the relative value of the proteins in some of them. 
They may also indicate the advantages to be gained by combining 
two or more food products with the purpose of supplementing the 
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amino-acid deficiencies <?f the proteins of one with the amino-acid 
excesses of those of the other. 

Numerous experiments have been made to show the relative food 
value of proteins by feeding many kinds of seeds, singly and in 
combination with one another as well as with various animal' products. 
In the reports of these it has been assumed that all but a negligible 
part <;>f the nitrogen of the food belongs to protein, which certainly 
for ~ost of the vegetable products used is not true. 

McCollum 1 attaches great significance to the recm:ds of reproduc­
tion, and ascribes the lack of fertiiity and infanticide, which occurs with 
great frequency among the females, to deficiencies in the protein of 
the rations on' which they had been fed. 

In view of the importance attached to these features of such 
e~periments, especially those made with vegetable proteins, it seems 
advisable to point out that Osborne and Mendel [1919, 2] as well as 
others 2 have shown that rats can grow to full adult size at the normal 
rate on artificial diets and yet be infertile, as shown not only by 
attempts to mate them without success, but also by microscopic 
examination of the ovaries and testicles. Such results have been 
obtained with casein, which previously had been considered to be 
adequate for normal nutriti~n during growth. While absolutely 
convincing proof has not yet been obtained that the infertility 
observed under these conditions of restricted feeding is not due to the 
protein of the diet, there is much evidence that some other, as yet 
unrecognised, factor is the cause of this abnormal development. 

Since in the reports of experiments made by many investigators 
data are lacking to show how much protein was eaten to make a 
given gain in weight, the author is unable to review intelligently an 
important part of the literature dealing with the nutritive value of the 
proteins in situ. 

In this connection the reader is referred to a discussion of the 
difficulties encountered by Osborne and Mendel [1918] in attempting 
to compare the nutritive values of concentrates designed to contain the 
total proteins of barley, oats, rye, or wheat, and [1920, 1] in feeding 
the entire seeds of each of these cereals as the sole source of protein. 
The results of the latter experiments indicated that, expressed in 
grammes of gain per gramme of protein eaten, the proteins of barley 

1 McCollum, E. V. The Newer Knowledge of Nntritioll. New York, The Macmillan 
Co., 1922, 449 pp. 

2 Evans, H. M., and K. S. Bishop. On the Existence of a Hitherto Unrecognised Dietary 
Factor Essentialfor Reproduction. Science, 1922, 56,650-651. 
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and oats are of about equal value in promoting growth and are some­
what superior to those of rye or wheat, and also that the total proteins 
of each of these seeds is more efficient than has generally been 
supposed. 

Osborne and Mendel [1919, I] found that when the entire wheat 
ker~el, containing about 10 per cent. of protein [N x 5 '7], was fed as 
the sole source of protein, together with butter-fat and a suitable 
mi::dure of inorganic salts, 20 milligrammes of protein each week per 
~ramme of body weight were insufficient for prolonged maintenance 
of most adult rats, and that in general about 23 milligrammes were 
required. f 

To prepare an adequate diet from the entir, grain, containing 
enough protein for the normal growth of the youn~, i~ was necessary 
to:mix 92 per cent. of the ground seed, 5 per cent. Q.f Butter fat, and 3 

Per cent. of the salt mixture with water and bake the dough into hard 
I· '1\ 

cakes. As this food, containing about 9 per Cel1t.\ of protein, was 
much lower in calorific value than the fat-rich mixtures used in the 
other experiments, the rats ate abciut 50 per cent.} more of it by 
weight than of the latter, and thus actually consumed hS much protein 
as did rats on the f\lt-rich diets containing 15 to 17 per bent. of protein .. 
This shows how misleading may be conclusions based on\the percentage 
of protein in the food when nothing is known of the am'ount eaten. 

On this diet vigorous growth was made during many months and 
several litters of young were produced. Unfortunately the actual 
amount of protein eaten through the entire period could not be 
determined because the rats frequently ;scattered the dried food. 
Nevertheless the consumption of food was ascertained at frequent 
intervals, from which it was clear that intake was high and c0t\sequently ~ 
the protein is not of relatively superior quality. More prrise da~a 
respectipg protein frqm this important source should be ootained if 
possible. 

Osborne and Mendel [1919, I] attempted to compare the relative 
values of the protein in the different parts into which the wheat kernel 
is usually separated in the process of milling. They fqund that a 
weekly intake of 23 to 26 milligrammes of the proteins of patent flour 
per gramme of body weight was needed to maintain adult rats, 
whereas when one-fifth of the protein was replaced by the protein of 
extracted beef muscle only 16 milligrammes sufficed. In this con­
nection the experiments made by Sherman [1920] are of interest, 
because they not only indicate that wheat flour satisfies the mainten­
ance requirements of man in much the same way as it meets those of 
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the rat, but also that a relatively small proportion of the proteins of 
milk increase the maintenance value of the flour proteins in the same 
way as those of muscle tissue did in the experiments just cited. 

Since the patent flour contained too little protein to permit the 
preparation of a suitable diet containing a sufficient amount of the 
fat-soluble vitamin and inorganic salts, the protein content was in­
creased by adding dried and finely ground gluten obtained I from the 
same lot of flour. When young rats were fed on a food mixture con­
taining 14'8 per cent. Of protein derived wholly from patent flour, 
together with 9 per cent. of butter-fat and 4 per cent. of a suitable 
salt mixture, growth was very slow and the rate was not appreciably 
accelerated when a yeast fraction rich in vitamin B was fed, apart 
from the food. 

The embryos of the wheat kernel appear to contain protein of much 
better quality than does the endosperm, if such a conclusion can be 
drawn from experiments made with a commercial preparation con­
taining approximately 77 per cent. of its nitrogen from this part of the 
seed, 14 per cent. from the bran, and 9 per cent. from the endosperm. 
With protein (N x 6'25) from this source adult rats were well main­
tained for long periods on a weekly intake of 16 to 20 milligrammes 
per gramme of body weight. 

Young rats grew at a normal rate, and reproduced on a diet con­
taining only 7 per cent. of protein from this commercial product, mak­
ing an average gain of body weight equal to 1'6 grammes per gramme 
of protein eaten. 

Bran contains so much indigestible matter that only one rat ate 
enough of the food to enable it to grow well. This animal made an 
average gain of 2'05 grammes of body weight per gramme of crude 
protein eaten (i.e. N x 6'25), despite the fact that. over 20 per cent. of 
the ingested nitrogen was voided in the fa!ces. 

No comparable experiments have been made with the maize kernel, 
but Hogan [1916J has shown that rats can make good growth on maize 
meal supplemented with an adequate salt mixture. Hogan gives no 
data respecting the proportion of protein in this diet, but since maize 
meal usually contains less than 10 per cent. of protein, it is evident 
that this diet was comparatively low in protein. It thus appears that 
the amino-acid deficiencies of zein, which constitutes nearly one-half 
of the total protein of this seed, are supplemented ?y its other proteins 
so well that when enough of the meal is eaten normal growth \can be 
made by rats. Hogan found, however, that swine did not grow ap­
preciablyon this ~ood mixture but made rapid growth when casein 
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also was added. Whether this was because the diet contained a higher 
percentage of protein or because the casein supplemented the maize 
proteins is not clear, but the fact that a suitable proportion of the 
latter proteins proved adequate for the growth of rats indicates that 
the failure of the' 'pig to grow was due to too small an intake of pro­
tein. This view receives support in the observation made by McCollum, 
Simmonds, and Pitz [1916], who state that pigs can grow well when 
fed a mixture of 70 per cent. maize meal and 30 per cent. maize 
"gluten feed" supplemented by a suitable salt mixture. 

Hogan well attributes the apparent discrepapcy between the out­
come of experiments with rats and pigs on this dlet to the great differ­
ence in the size of the two species, in consequenc~ of which much more 
protein per unit of body weight is eaten by the r11t\ fact which must 
always be kept in mind in comI?aring the nutritIve value of proteins 
when fed to apimals of markedly different size. \ 

Johns, Finks and Paul [1920] have also shownhhat the proteins of 
maize meal when fed at a sufficiently high level'\ suffice to promote 
normal growth of rats. On a diet containing , 
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Whoie ground maize 
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normal growth was made, the water-soluble vitamin, being furnished 
by the ground seed. In view of the fact that Osborne and Mendel 
[1'914, 2] were unable to secure more than very slow growth when 
the total protein of the diet, equal to 17 per cent., was furnished by 
maize" gluten meal" and the water-soluble vitamin bY." protein-free 
milk," the apparent supplementing effect of the relativeJ.y small pro­
portion of whole mai.ze meal used in the experiment just' described is 
surprisingly good. 

Maize gluten, the proteins of which are derived from the endosperm 
of the seed,. and which is extensively used on the farm as a protein 
concentrate, was rendered efficient for the growing rat when a relatively 
small part of the protein in the diet was replaced by other proteins 
rich in tryptophan and lysine [Osborne and Mendel, 1917, I]. 

The proteins of the embryos of the seeds of wheat [Osborne and 
Campbell, 1900] are different in chemical properties and structure 
from those of the endosperm, and the same is presumably true for those 
of the maize kernel. 

1 Gluten meal is a mixture of the protein of the endosperm of the seeds of maize ob­
tained as a by:product in the manufacture of corn starch. 
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As to the value.of the proteins of the embryo of the maize kernel 
little is known. Two types of commercial germs are' available, one 
from the manufacture of starch, in which process the grain is first 
digested with water containing sulphurous acid and the embryo 
mechanically separated and subsequently dried; the other in which 
the germs are excised from the untreated grain. The former product 
has always failed as a source of protejn when fed in the author's 
laboratory, and was presumably the type used by McCollum, Simmonds, 
and Pitz [1916]. The latter when supplemented with butter-fat and 
a suitable salt mixture gave normal growth when the diets contained 
nitrogen equal to about 13 per cent. of protein, but data were not 
obtained from which a quantitative comparison could be made with 
the proteins of the endosperm or with those of the entire grain (un­
pu blished). 

Although the experimental conditions under which comparisons 
of the nutritive value of the proteins of the cereal grains must be 
made leave much to be desired in the way of rigid proof, the results 
of numerous investigations indicate that these proteins are inferior to 
those of animal origin, and that their nutritive value is markedly im­
proved by relatively small additions of the protein~ contained in those 
animal products which are commonly used for food. Although this 
improvement may not be wholly due to the protein factor alone, the 
fact that the animal proteins are richer in the amino-acids which have 
been proved to be essential for growth than are the proteins of the cereal 
grains confirms the belief that the proteins were the chief factor con­
cerned in the outcome of the experiments above discussed . 

. ~ -- . T.he leguminous seeds which are rich in protein have many times 
been recommended as cheap and desirable substitutes for the more 
expensive animal proteins. With the exception of the soy-bean, how­
ever, these seeds have never been used extensively as a major constitu­
ent of the diet. 

As already shown the proteins ·obtained from these seeds contain 
all of the essential amino-acids, and, with the exception of cystine, in 
apparently sufficient amount to meet the nutritional requirements of 
young rats. 

The ground seeds of many species of leguminous plants are eaten 
by rats as well as other animals in larger quantity when cooked with 
water than when raw. The evidence available, while by no means 
conclusive, indicates that cooking not only destroys some obnoxious 
constituent, but also may alter the configuration of the ·protein; 
whereby it is better utilised. Seeds of different species are not alike 
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in respect to this nutritive defect Some, like those of the pea, Pisum 
satz'vum, are eaten readily in the raw state, those of the soy-bean, 
Soja hispida, less readily, but in sufficient quantity to enable the animal 
to grow at a rate somewhat below the normal, while after cooking 
normal growth is made on an otherwise identical diet [Osborne and 
Mendel, 1917,3]. On the other hand, rations containing meal made 
from the kidney bean, Phaseolus vulgaris, are scarcely eaten at all 
unless cooked [Johns and Finks, 1920]. 

On account of the dietary importance of the leguminous seeds 
several attempts have been made to determine their nutritive value. 
None of the published records give any idea of thefe1.ative nutritive 
value of the proteins in these seeds, because either ny qata are given 
respecting the amount of protein ingested, or no prqof is furnished 
that \the amount of protein eaten was, not in excess c:1f the minimum 
req u~ired for n~rmah growth. The only experiments in '~hich the above 
requirements were approximately met are those of Ipsborne and 
Mendel [1917, I], who found that when the diet contained nitrogen 
equal to 9 per cent., of protein furnished by soy-bean\ flour, which 
presumably had been', heated during the process of man\_Ifacture, the 
gain of body weight per unit of protein eaten compared\ favourably 
with that made on diets containing other proteins of high quality. 

, McCollum, Simmonds, and Parsons [1921, I, 2, 3, 4] give, the results 
C)f extensive experiments with supposedly adequate and comparable 
diets, containing 9 per cent. of protein from seeds of severcil cereals, 
some animal products, ahd those from some of the commonly used 
leguminous seeds, fed either separately or in various combinations. 
Since no data are given respecting the amount of food eaten, i~is im­
possible to draw satisfactory conclusions from their reports as to the 
lctual value of the proteips in the leguminous seeds which they used, 
)r as to their supplementing value for the proteins of the cereal grains. 

Concerning the relative value of proteins contained in green forage 
?lants, or the supplementing value of these for the proteins of seeds, 
dmost nothing definite is known. It is a matter of common experience 
:hat many kinds of animals derive a large part of their supply of protein 
~rom various species of green plants. When attempts are made to 
)btain experimental evidence of the part played by the protein factor 
)f diets containing green plants almost insuperable difficulties are 
mcountered. 

In tpe first place we do not yet know how to isolate the protein 
rom any fresh plant in a state of purity, and suc:;h attempts as have 
)een made in the author's laboratory to feed the crude protein or the 
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colloids precipitated from the alfalfa plant (see Chapter x.) have failed 
completely, apparently because, for some unknown reason, young rats 

,ill not eat enough of the foods containing such preparations. 
In the second place, when the entire plants, or the residues, pre­

lmably rich in protein; from which the soluble matters have been 
xtracted, are fed, it is impossible to determine how much protein is 
Jnsumed, since we do not know the proportion of non-protein nitro­
enous substances which they contain. A product from spinach leaves, 
,hich contained nitrogen equal to 39 per cent. of protein (N x 6'25), 
'as fed to young rats by Osborne and Mendel (unpublished) with 
larked success, although the nitrogen in the diet was equivalent to 

only 10 per cent. of protein. On the other hand, when a similar pro­
duct from the juice of the alfalfa plant was fed in a diet containing 
nitrogen equal to 20 per cent. of protein, all of the young rats died 
within a few days, probably because they would not eat. This refusal 
to eat cannot be explained in view of the fact that McCollum [1917] 
obtained good growth and reproduction with rations containing 
40-per cent. of the alfalfa leaf together with various cereal grains. 
While the experiments of these authors show that the alfalfa leaf as 
a whole supplements the nutritive deficiencies of the cereal grains, 
they do not indicate the part played by the protein in this complicated 
mixture of food factors. 

Until more is known about the chemical make-up of the green 
'forage plants, and methods are developed whereby their proteins can 
be isolated and further studied, no better basis will exist for correctly 
choosing the proper combinations of the products available for farm 
animals than that which we now have founded on empirical experi­
ments with mixtures arbitrarily selected. 

In this connection attention should be directed to the work of 
Voltz,l who showed that lambs made very considerable .growth on 
diets in which about 80 per cent. of the nitrogen was furnished by urea, 

~ the rest b::ing derived from ,rye straw or chaff,. hydrolysed by dilute 
sodium hydroxide at ordinary temperatures. The only plausible 
explanation of this anomalous observation is that the bacteria in the 
omasum of these ruminants, converted the urea into protein, which 

. I 

subsequently was digested in the stomach and intestine, and so became 
available in the form of amino-acids for the nutritive requirements of 
these animals. Under such circumstances the non-protein nitrogenous 

! Voltz, W. Der Ersatz des Nahru'lgseiweisses durch Hamstoff beim wachsenden 
Wiederkauer. DeT Futterwert des !lach dttn Beckmallllschen Verfahren aufgeschlossenen 
Strolls und der Spreu. Biochem. Zeit., 1920, 102, 151-227. 
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substances in green foods may, in whole or in part, serve the same 
purpose as protein in feeding ruminants. In the light of such 
experiments it is obvious that the knowledge of the nutritive value of 
proteins gained by feeding rats cannot be applied to ruminants. 

On the other hand, those mixtures which experience has shown to 
be best for feeding young pigs and chickens are such as experiments 
with rats indicate should be efficient. Although sufficient data are not 
yet available to justify final conclusions, it is probable from such 
experiments as have been made that the protein require11]ents of man 
are also much the same as those of rats. 



CHAPTER XII. 

SOME PHYSIOLOGICAL RELATIONS OF VEGETABLE PROTEINS TO THE 
ANIMAL ORGANISM AND THE BIOLOGICAL RELATIONS OF SEED 
PROTEINS TO ONE ANOTHER. 

A. Toxalbumins. 

WARDEN and Waddell [1884] obtained from the seeds of Abrus 
precatorius a toxic substance which they named abrin and considered to 
be a protein. This appears to be the .first suggestion that toxic pro­
teins exist in seeds, and it gave rise to the designation of'toxalbumins, 
which is now applied to this group of proteins. 

Three years later Dixson [1886-87] by neutralising an extract 
of the seeds of Ricinus communis, obtained a precipitate which was 
very toxic and consisted largely of protein. Stillmark [1888], who 
reinvestigated this substanc;:, ascribed its toxic properties to the 
protein which, at Kobert's suggestion, he called ricin. 

Power and Cambier [1890] isolated from the bark of Robinia 
pseudacacia a similar toxin which they considered to .pe a nucleoprotein. 
Schmidt's Lehrbuch 1 appears to be the first publication in which this 
toxalbumin is described under the name of robin. 

Siegel [r893] discovered a similar toxic protein in the seeds of 
Jatropha curcas, to which he gave the name of curcin. 

Elf strand [1897] found a toxic substance in extracts of the seeds 
of Croton tiglium, which appeared to be of protein nature, and for this 
he proposed the name crotin. 

Dunbar [I903] ascribed the effect which extracts of rye poller had 
on hay-fever patients to a toxic protein contained in pollens. I 

Wienhaus [1g09], at Kobert's suggestion, proposed 'the name 
phasin for all of the proteins which are non-toxic, but which,. like the 
above-mentioned toxalbumin~, agglutinate suspensions of the red blood 
corpuscles of animals. 

The protein nature of these substances has been the subject of 
controversy, but it appears to be the opinion of the majority bf those 

I. Schmidt. Lehrbuch der pharmaceutischen Chemic, r8go, 3rd editio.1, 2, f?47. 
1m , 
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who have worked with them that the protein itself, and not some non­
protein substance as,(ociated with the preparations which have been 
studied, is the toxic or agglutinating agent. This belief is founded on 
the fact that the chief constituent of the preparations obtained from 
these seeds is protein; that the more thoroughly these preparations 
are freed from contamination with non-protein substances the greater 
their toxicity; that the toxin is indiffusible, and that all those 
processes which tend to denature the protein, or to cause its hy­
drolytic decomposition, also diminish or destroy the toxicity of the 
preparations. f 

Those who deny the proteiI;l nature of the toxin have fo~ t~e most 
part based their opinion on the assumption that digestion wittl t~ypsit:1, 
carried to I the point where the solution fails to give the !reactions 
characteristic of protein, ~oes not destroy the toxin. The o~ponents 
of this vie:w contend that ~he toxicity of these'toxalbumins istso great 
that the solutions tested were too dilute to give these reactions, ~lthough 
they still' contained enough of these extraordtnarily toxic proteins to 
manifest their presence by fatal results when administered to a~imals. 

We apparently have the sam<1 question as to the chemical\i1ature 
of the toxalbumins as we have in .respect to that of the enzymes, with 
which the toxalbumiI1s seem to have much in common. Cf. O~porne 
[I895, 3], and Sherman and Schlesinger [191 I, 1912]. 

Abrin. 

Warden and Waddell obtainyd tj1eir preparation of abrin by 
extracting the fat-free powder of the ground seeds of Abrus precatorius 
with water and precipitating with alcohol. Martin and Wolfend~,n 
[1889J separated a globulin apd a proteose from the precipitate thus 
produced, and considered both to be toxic.' By brief heating these 
were denatured, the globulin at 7 SO to 80°, the proteose at 80° to. S 5°, 
while at the same time the toxicity was destroyed. Hellin [1891] 
discovered that abrin had tl?e property of agglutinating the red blood 
corpuscles, and also showed that the effects of poisoning with abrin 
were like those caused by ricin. Ehrlich [1891] found that animals 
immunised to abrin were not immune to ricin, thus establishing a 
difference between these two toxins. 

Repin [1895], Heuseval [1900], and Kobert [1913] state that abrin 
does not lose its toxicity by digestion with trypsin. Hausmann [1902] 
found that the toxicity of abrin was greatly reduced by the action of 
pepsin-hydrochloric acid. On the other hand, digestion with trypsin for 
several weeks left the toxicity of the solution quantitatively unaltered. 
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The small precipitate produced in this solution by adding ammonium 
sulphate to 8/loths saturation, when dissolved in water, although it 
gave no biuret reaction, agglutinated red blood corpuscles and proved 
toxic in doses corresponding to 3<"5 milligrammes per kilogramme of 
body weight. 

Hausmann's evidence of the non-protein nature of abrin founded 
on the failure of the biuret reaction cannot be accepted in view of the 
relatively large doses which he employed, for we now know that the 
toxicity of the toxalbumins is so great that' a lethal dose may be 
contained in solutions too dilute to give this reaction. 

Sommerfeld [1913] described the relations of toxin to agglutinin 
from Abrus and found these to be very similar to those of ricin. 

Rz'cin. 

As already stated, Dixson was the first to isolate from seeds of 
Rz'cz'nus ~ highly toxic product which consisted chiefly of protein. 
Still mark, at Kobert's suggestion, named this ricin. He obtained his 
preparations by saturating sodium chloride extracts of the seed with 
magnesium sulphate, dissolving the precipitate in water and dialysing 
until salts were removed. He also discovered the remarkable fact 
that solutions of ricin added to suspensions of red blood corpuscles 
caused these to agglutinate and settle, leaving the solution clear: 

Ehrlich in [1891] found that animals could be immunised against 
ricin, and this discovery led to nU,merous investigations in the field of 
immunology and to a recognition of the close relations of the toxal­
bumins to the bacterial toxins. CCf. Schaer [189 I], Tichomiroff 
[1895], Werhovsky [1895], Stepan off [1896], Ehrlich [i:897], Heuseval 
[1900], Kobert [1900], Roemer [1901], Hausmann [1902], Jacoby 
[1902, I, 2], Kraus [1902], Rehns [1902, I, 2], Braun, and Behrendt 
[1903], Brieger [1903], Arrhenius [1904], Fr.enkel [1904], Jodll;muer 
and v. Tappeiner [1905], Pascucci [1905], Woronzow [1907], Sachs 
[1905], Cornevin [1897].) 

Cushny [1898] undertook an extensive study of various methods 
for isolating ricin, and obtained preparations of much greater toxicity 
than those before described. All his attempts to separate a non­
protein toxic substance from his solutions failed, and he states that 
when the preparation contained protein it was toxic, but when the 
protein was removed it was not. He ascribed the failure of his pre­
decessors to detect protein in solutions which were highly toxiS to the 
fact that the ricin is fatal in such extremely small amounts that such 
solutions were too dilute to give protein reactions. He found that the 
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toxin was precipitated by saturating its solution with ammonium 
sulphate, was coagulated by heating and thereby ret;ldered non-toxic, 
and that the toxicity of the solutions decreased as protein was re­
moved from them. He further found that saturation with magnesium 
,sulphate removed all of the ricin from its solution, and that the albu­
mose which was not thus precipitated had no toxic or agglutinating 
properties. Cushny therefore concluded that ricin is either a protein 
or is so intimately associated or combined with protein that it could 
not be separated by any of the means then available. 

Jacoby [1901) thought he had demonstrated the non-:protein 
nature of ricin because he found that preparations which he subj1~ted 
to prolonged tryptic digestion, and were still toxic, failed to give the 
biuret reaction. Jacoby's method for preparing this so-called lictn 
must certainly h;ave yielded preparations containing a large prop01tioh 
of the non-toxicl globulin <:>f the seea clod relatively little ricin. It is, 
th.erefore, ~ot surpr.ising that ~he very dilute soluti.ons whi~h he tested 
faIled to gIve the bIUret reactIOn although they s,tlll contamed eno~gh 
ricin to be toxic. 'I 

Landst~iner and Jagic [1904) found when blood corpuscles we~e 
agglutinated by ricin that the to~in could be extracted from the pr~­
dpitate by dilute hydrochloric acid, thus indicating that the toxin anQ 

, . I 
agglutinin are one and the same substance. 

Osborne, Mendel, and Harris [1905) separated the different protein;' 
of the seed of Ridnus from one another, and showed that the toxic 
properties were associated only with those proteins which were 
soluble in water and coagulable by heat. By dialysing the sodium 
chloride extract of the seed, the greater part of the protein separated 
as a globulin which was free from toxic properties. The -aqueous 
solution from which this globulin separated, when fractionally pre­
cipitated with ammonium sulphate, yielded the toxin in a fraction 

J 

obta,ined within comparatively narrow limits of concentration in this 
salt The toxicity of these fraytions was closely proportional to the 
amount of coagulable albumin which they contained, and, by further 
fractionation with ammonium sulphate, preparations resulted which 
consisted largely of non-toxic albumin. The most toxic fraction, and 
at the same time the richest in albumin, consisted of a mixture of 
about 70 per cent. of albumin and 30 per cent. of proteose. The, 
toxicity of this product exceeded that of any preparation of ricin be-, 
fore described, for 0'0005 of a milligram me per kilo of body weight: 
'was fatal to rabbits when subcutaneously injected. Very dilute: 
solutions of this preparation agglutinated the red blood corpuscles of 

8 
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dog, pig, and cat. An examination of the properties, ultimate com­
position, partition of nitrogen, and colour reactions showed this pre­
paration to have, in all respects, the properties characteristic of pure 
protein, and no evidence was obtained which indicated that it con­
tained more than the most insignificant quantity of any other 
substance. They concluded that the to),'ic property belongs to the 
albumin, and that consequently true toxalbumins occur in seeds. 

Woronzow [I909J later reported experiments from which he drew 
the conclusion that ricin was a globulin rather than an albumin, as 
asserted by Osborne, Mendel, and Harris. While Woronzow's observa­
tions agree with those of the latter authors, his conclusion that ricin is 
not an albumin does not seem justified in view of the fact that satura­
tion with magnesium sulphate is characteristic of many vegetable 
albumins, and cannot be regarded as evidence of the presence of a 
globulin. The fact, observed by Woronzow, that water extracts less 
toxin from the seed than sodium chloride solutions, does not necessarily 
show that ricin is not an albumin, since this may be a constituent of 
the" protein grains," which are not dissolved by water, but are readily 
dissolved by sodium chloride solutions. If these grains are thus dis­
solved it may well be that albumin is liberated from them. 

The evidence thus far recorded, as to the action of trypsin on 
ricin, strongly favours the view that these toxalbumins are not 
destroyed by this enzyme, but an e~amination of the details of the 
experiments which have been tried leaves one much in·doubt as to the 
weight which should be attached to them. The earlier experiments 
which were mostly made with crude preparations of ricin, and which 
have since been shown to contain but little of this toxin, were made 
a.t a time when the enormous toxicity of this substance was not 
appreciated. 

It appears, however, from all the experiments which, have been 
reported that ricin is not easily altered by proteolytic enzymes. That 
there should exist in nature a form of protein not easily hydrolysed 
by the enzymes of the digestive tract would not be surprising. The 
fact that the toxalbumins produce such powerful physiological effects 
upon animals indicates that they differ in some pronounced manner 
from other known proteins. All the' other facts which we know in 
regard to these toxalbumins speak strongly in favour of their protein 
nature, and in view of the experiments of Osborne, Mendel, and 
Harris it is difficult to believe that the toxicity is not a prop~rty of 
the protein substance itself. 

Lau [1901] showed that besides the red blood corpuscles ricin 
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agglutinates suspensions of many other lipoid-rich cells of animal 
origin, and, on the ground of the experiments which he made with 
such cells, concluded that the toxin and agglutinin are identical. 

Reid [1913] washed cells of dog's brain with physiological salt 
solution, agglutinated them by adding a solution of ricin, extracted 
the ricin from the precipitate by very dilute hydrochloric acid, and 
found that the clear extract promptly agglutinated a suspension of 
cat's blood corpuscles. This showed that not only the toxin but also 
the agglutinin were united with the brain cells, thus indicating that 
the two are one and the same substance. Reid, further, found that 
the cells of many other organs of the body are agglutinated b~Jricin, 
and states that a differentiation of ricin into a toxin and an aggi&tinin, 
of which the l'1tter plays no intravitam role, is not justified. t 

Contrary tp MUller's [1'899] concJusions, Reid found that the 
agglutinating power of ricin is not affected by digestion with pepsin. 
As to the validity of the evidence which he offers in support 0\ his 
views, the reader is referred to. the data given in his paper. ~i 

\" 

Curcin. \ 
Stillmark [1889] obtained from extracts of the seeds of Jatropha 

curcas a preparation having toxic as well as agglutinating properties 
similar to those of riciq. Siegel [1893] was unable to remove tl;le 
protein from preparations made from extracts of this seed without 
destroying its physiological activ~ty. 

Felke [1913] acidified extracts of Jatropha seeds with dilute acetic 
acid, and added enough saturated sodium chloride solution to make 
the salt content 8 per cent. The precipitate, which contained most of ' 
the protein and nearly all of the toxin, was completely soluble in 
water. When a quantity of this solution equivalent to 20-30 milli­
grammes of the precipitate was injected into rabbits death ensuec;l. 
Extracts of the seed heated to 60° lost their toxicity, as they also did 
after adding a little sulphuric acid. The toxic effects of curcin are 
similar to those of ricil1, but its solution does not agglutinate the 
corpuscles of many kinds of blood nor does it agglutinate suspensions 
of brain Cells from man or cat. Felke considered curcin to be a 
toxalbumin. 

Crotin. 

The toxalbumin which occurs in the seeds of Croton tigli'um has 
been the subject of relatively few investigations. Stillmark [1888] 
~pplied the same methods which he had used for preparing ricin to 

8* 
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the seeds of Croton tz"glium and obtained products which, when 
injected into cats or rabbits, produced eff~cts similar to those caused 
by ricin, and found that it also agglu"tinated red blood corpuscles at a 
dilution of 1 to 40,000. He concluded that croton seeds contained a 
substance similar to, if not identical with, ricin. 

Elfstrand [1898] made an extensive investigation of this toxin and 
obtained from the oil-free croton seeds two proteins, a gl<;>bulin and 
an albumin, which were toxic and likewise agglutinated red blood 
corpuscles. The fact that solutions of the albumin lose the~r toxicity 
at the same temperature as that at which they are coagulated led him 
to suspect that the toxicity of the globulin might be· due to an 
incomplete separation from the toxic albumin. From the results of 
his experiments Elfstrand considered it probable that this to;*albumin, 
which he named crotin, is an enzyme. 

Kobert [1913] states that the lethal dose of crotin for warm 
blooded animals is much less than that of ricin, and that the action of 
crotin and ricin on various kinds of blood is not' alike. Thus the red 
corpuscles of the guinea pig, man, horse, rabbit, hedgehog, snake, 
hen, or cat are agglutinated by ricin but not by crotin, thos~ of the 
five latter, however, are hremolysed. On the other hand, the red 
corpuscles of the pig, ox, sheep, or frog are energetically agglutinated, 
as are all these by ricin. Of the protein nature of croti{l there 
appears to be satisfactory evidence, and it may be included among 
the toxalbumins on the basis of Elfstrand's investigation. 

Robin. 

The name robin designates the protein substance produced by 
Lau [1901], according to the method of Power and Cambier [1890], 
who discovered this toxic substance in extracts of the bark of Robinia 
pseudacacia. This toxin produces physiological effects very' similar 
to those caused by abrin, ricin, or crotin. Power considered robin to 
be a nucleoprotein, soluble in water with an acid reaction, and 
precipitable by alcohol, acids, or excess of salts. On heating its 
solutions the greater part is coagulated between 70° and 80°, and ,on 
boiling its toxicity is completely destroyed. Preparations of r06in 
give all the reactions characteristic of proteins, Power estimated 
the content of robin at 1 'I to 1'7 per cent. of the bark, and states 
that it hydrolyses some glucosides and also coagulates milk. He 
considered it to be an enzyme. 

Ehrlich [1897] found that robin produce~ an antirobin serum 
when injected into animals. 
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According to Kobert [1913] solutions of robin agglutinate the red 
corpuscles of many kinds of blood, some of them at great dilution. 
~obin is distinguished from ricin ,by its failure to agglutinate the red 
corpuscles of dog's blood. 

B. Phasins. 

Wienhaus [1909], at Kobert's suggestion, proposed the name 
phasin' for the substances obtained from extracts of seeds which are 
non-toxic, but agglutinate suspensions of red blood corpuscles. This 
designation was derived from Phaseolus, from the seeds of which 
'the first phasin was obtained. Whether the agglutinating factor is 
ide~ticaI with. the tox!n. or not was the s~bject of much d!srssion 
until non-toxIc agglutmms were later obtamed from many specl~s of 
seeds. Since then it ~as been generally assumed that the~e ~wo 
factors are nbt identical. In this' 'connection attention sho'lild be 
called to the experiments of White and Avery [r913], who foun~ that 
a very carefully purified preparation of crystallised edestin, wfii~h the 
a,uthor 'made expressly for their work, had strong agglutiri'~ting 
properties. These investiga~ors dissolved the, edestin in the Ileast 
possible quantity of N/IO sodium, hydroxide solution, and ~then 
diluted,to the required concentration with a N/rooo solution. ~der 
these conditions edestin agglutinated the washed red corpuscles of 
sheep's blood at a dilution of r - r 0000, whereas under the s~me 
conditions gliadin had no such action. These experiments show that 
agglutination is not a property peculiar to the proteins of the water 
extracts of sOqle seeds, and leave little doubt as to the protein nature 
of phasins. 

Phasins have been found in seeds of many specie~ of plants, 
particularly ip those of leguminos;:e. Landsteiner and Raubitschek 
[1907] first described such frgm Phaseolus, Pisum, Ervum, and Vicia\ 
Similar results were obtained by Mendel [1909, 2], and Wienhaus 
[1909], who examined the seeds of a large number of different species 
of plants, in many of which they found phasins. These investigations 
confirmed the earlier observations which indicated that the corpuscles 
of different species of animals were not equally sensitive to one and 
the same phasin. Wienhaus [1909] and Kobert [1913] reviewed the 
work of previous investigators and further studied the action of 
several phasins on blood corpuscles froni many species. 

It) view of the character of the preparations which have been used 
for these investigations, it is impossible to reach any satisfactory con­
clusion respecting their mode of action or their chemical nature. 
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Neuberg and Rosenberg [1907] and Neuberg [1908] have raised the 
question as to whet.ber or not the agglutination caused by the phasin 
was due to lipolysis'~ but the evidence furnished by Mendel [1909, 2] 
and by White and Avery [1913] makes this view untenable. 

Some of the more important literature of this subject can be found 
in the following papers: Schaer [1891], Tichomiroff [1895], Wer­
hovsky [1895], Stepan off [1896], Comevin [1897], Ehrlich [1897], 
Elfstrand [1898], Heuseval [1~00], Kobert[1900, 1913], Jacoby [1901; 
1902, I, 2; 1903], Kraus [1902], Rehns [1902, 1,2], Braun and Behrendt 
[I90~], Brieger [1903], Arrhenius [1904],' Fraenkel [1904], Jodlbauer 
and v. Tappeiner [190S],Pascucci [1905], Liebermann [1905; 1907, 1,2; 
1908], Sachs [1905], Woronzow [1907], Raubitschek [191 I], v. Eisler 
and v. Portheim [1908, 191 I, 1912], Miessner and Rewald [1909], 
Field [1910], Lenze [1909], Assmann [191 I], Reid [1913], Sommer­
feld [1913], Felke [1913], Agulhon [1914], Ford [1913]. , 

C. A naphylazz's 

Wells and Osborne [191SJ showed that it is possible to isolate 
from extracts of seeds, as well as from cow's milk,l preparations 
representing different kinds of protein, each of which rea<;ts specifically 
according to the protein used, but not according to the species from 
which it originated. I t thus appears that the anaphylactogenic 
property of a protein is determined not by its biological origin but by 
its chemical structure. 

We have in this reaction the best means now available for establish­
ing the chemical individuality of proteins, and since it has been shown 
that identical proteins occur only in plants which botanists regard as 
very closely related, we may also have a new method for indicating 
the botanical relations of different species. 

Wells and Osborne [191 I] showed that carefully purified prepara­
tions of proteins from several different sources caused typical anaphylaxis 
reactions, but that the onset of the symptoms was somewhat slower 
than when proteins of animal origin were used, and that the minimum 
intoxicating dose was somewhat larger. This may be due in some 
cases to the vegetable diets of the guinea pigs used' for these experi­
ments, because it was found that when these animals were previously 
fed on maize meal they did not react to zein as did those which had 
never eaten this grain. 

The close similarity, if not identity, of legumin from the pe:jl with 

1 Wells, H. G., and T. B. Osborne. Anaphylaxis Reactions with Purified Proteins 
from Milk. J. Infect. Diseases, I92I, ,29,200-216. 
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that from the vetch was indicated by these experiments, as was also 
the identity .of gliadin from wheat with gliadin from rye. They 
further showed [19 13] that guinea pigs sensitized with gliadin from 
wheat gave strong reactions with hordein from barley, although these 
two proteins are certainly not chemically identical. Complete pro­
tection to subsequent injections of the homologous protein was not 
afforded by a reaction to the heterologous protein, thus indicating the 
prese~ce of two or more indiv:idual proteins in the preparations of 
gliadin and hordein, one being common to both, or else the presence 
in gliadin and hordein of both common and specific reactive groups. 
The chemical evidence strongly favours the latter view. Gliadin and 
glutenin, which together form the chief constituents of whJa.t gluten, 
react anaphylactically with one another. Since guinea pigs\sensitized 
with glut,nin do not react to hordein, a.s do those sensi~ized with 
gliadin, itlis probable that the reaction between gliadin and glutenin is 
due to a common reactive group not present in hordein, rather than 
to an incomplete separation of these proteins. \ 

The, immunity reactions of edestin have been studied by White 
and Avery, who found that guinea pigs reacted fatally ~hen the 
sensit.izing dose was only 0'0001 milligramme and the into~icating 
dos~ 50 milligrammes. Lake, Osborne and Wells [1914] stuqi~d the 
immunological reactions produced by hordein, gliadin, and some other 
vegetable proteins. The reader is referred to the account qf their 
results because these cannot well be summarised here. 

Wells and Osborne [1914] state that the minimum intoxicating 
dose of most veg~table globulins is from I to 2 milligrammes when 
administered intraperitoneally, but that from 5 to 10 milligrammes are 
usually required for severe intoxication. On the other hand the 
minimum intoxicating dose of the so-called vegetable proteoses which 
are readily soluble in wa~er is much smaller, moderate to sev.yre 
reactions being obtained with 0'05-0'r milligramme and fatal results 
with 0'5-2 milligrammes. They also found [1915] that these so­
called proteoses obtained from different seeds are not only different 
from one another but also from the other proteins of the seeds from 
which they originated [C£ Wodehouse, 1917]. Unlike the proteoses 
produced by the action of enzymes on native proteins, these natural 
vegetable proteoses are strongly anaphylactogenic, their activity not 
being destroyed by heating to 100° for one half-hour, presumably 
because they are not coagulable. 

After comparing the anaphylaxis reactions between proteins 
obtained from seeds. of different genera, Osborne and Wells [1916] 
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concluded that the specificity of the anaphylaxis reaction depends 
upon the chemical structure of the protei~ molecule since chemically 
similar proteins from seeds of different genera may react a~aphylac­
tically with one another, while chemically dissimilar proteins from the 
same seed in many cases fail to do so. 

D. Biological Relations of Seed Proteins. 

If the chemical and physical properties of the different proteins 
obtained from seeds are compared with one another, it will be noticed 
that they show many relations which are in harmony with the 
recognised botanical relations of the seeds from which they were 
obtained. The most marked instance of this agreement is shown by 
the protein constituents of the seeds of cereals. These contain a 
relatively large proportion of prolamin,s, which, as we have already 
stated, are characterised by yielding very little or no lysine and much 
proline, as well as much glutaminic acid and ammonia and also 
by yielding relatively little arginine and histidine. The physical 
properties and general behaviour of all these proteins are much alike, 
and present marked differences from the proteins obtained from other 
groups of seeds. The proteins from leguminous seeds resemble one 
another in. many respects, but differ noticeably from those of the 
cereals. 

Preparations of legumin from the pea, horse-bean, lentil or vetch 
are so nearly alike that no difference has been detected between them. 
The proteins of these seeds, while in the main reserpbling those 
from Phaseolus, are not the same, for distinct but slight differences 
in properties, composition and products of hydrolysis have been 
established between them. The proteins of the cow-pea and soy­
bean, though closely resembling, in· many respects, the proteil1s of the 
legumes just mentioned, are not exactly the same, while the proteins 
from different species of Lupinus present common characteristics but 
qiffer from the proteins of the other leguminous seeds. The proteins 
of Lupinus, however, resemble proteins of other leguminous seeds more 
closely than they do those of non-leguminous seeds. The ~roteins of 
different species of Juglans appear to be identical' so far as they have 
been examined, but differ in one respect or another from the proteins 
of other plants. We thus find similar proteins only in seeds which are 
botanically closely related, and it would seem that these differences In 
the reserve food substances of the seeds must have an important.bear­
ing on the development of the embryo which derives its first food 
from them. This food substance, as well as the tissues 9f the embryo 

I 

, , 
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itself, are the final products of the metabolism of the plant whicq 
produced them. When the embryo first develops it is supplied with a 
definite food which for each individual of the same species is the same, 
but for those of different species is different. Each member of a 
species thus begins its individual life under similar chemical conditions, 
but under chemical conditions which are different from those of every 
other species. It seems probable, therefore, that when the plant has 
reached a stage of development at which its organs of assimilation are 
able to furnish 'it with nutriment from its external surroundings, its 
chemical processes have already been established alon£'" definite lines 
which it must follow thro,ughout the rest of its life. 
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- Chinese velvet, proteins in, 24, 99. 
- Georgia velvet, proteins in, 2S. 
- horse, 24. 
- kidney, proteins in, 24, 107. 
- leaves, protein in, 11,94. 
- lima, proteins in, 25. 
~ Mung, proteins in, 25. 
- soy, proteins in, 24, 106, 107· 
Brazil-nut, 23, 24, 72. 
Buckwheat, proteins in, 25. 
Butter-nut, proteins iii, 24. 

CABBAGE leaves, proteins in, 90, 94. 
Canavalin, 24. 
Candle-nut, protein in, 2S. 
Castanin, 24. 
Castor-bean, proteins in, 14, 22, 25· 
Chestnut, European, proteins in, 24· 
Cocoa-nut, proteins in, 2S. 
Cohune-nut, proteins in, 2S. 
Colour reactions, 70. 
Conarachin, 24, 100. 
Concanavalin, 24. 
Conglutin, 24, 74, 79, 99· 
Conphaseolin, 24. 
Corylin, 24, 71. 
Cotton·seed, proteins in, 2S, 79, 101. 
Cow-pea, proteins in, 24. 
Crotin, IIO, IIS. 
Crystalline proteins, 5, B, 9, 10, 12, 14, 23. 
Cucurbitin, 24, 69, 71, 101. 
Curcin, lID, IIS. 

DENATURING by acids, S9. 
- - alcohol, 64. 
- - alkalis, 63. 

Denaturing by heat, 20, 6S. 
- - metallic salts, 6S. 
Diamide nitrogen, 77. 

EDESTAN, 61' 
Edestin, 22, 23, 24, 44, 4B, 49, 52, 59, 67, 

69,70,79 101, II7, Il9. 
Embryo, pro eii),s in, B, 9, 30, 104, 105. 
Endosperm, ~. roieins in, 8, 9,' 104. 
Excelsin, 23, ' 4, '71,78, 8S, 101. 

~ , 

FLAX-SEED, g~obulin, 25, 71. 
. - proteins in'l2S, 33, 34· 

GLIADIN, eye, ~7, 119. 
- wheat, 3, I'r, 27, 56, 69, 75, 77, 79, 85, 

96, 98, lIo7, II9· 
Globulins, 5, 16, 16, 20, 21, 47, 51. 
- in various seeds, 23. 
Gllitelins, 161 Ill, 25. 
Gluten-fibrin, 27" 
Gluten maize, 20. 
- wheat, I. 
Glutenin, mruze, ;26. 
- wheat, 26, 48, Il9. 
Glycinin, 24, 87. 
Glycoproteins, 31,71. 
Green plants, prote,ins in, 89, 107. 

HlEMOGLOBINS, 32. 
Hazel-nut, proteins in, 24. 
Hemp-seed, proteins in, 10, 24, 33, 52, 72. 
Histones, 28. 
Hordein, 11,27, Il9. 
Hydrolysis by acids, 68, 79. 
- - alkalis, 70, 77, B~. 
- - enzymes, 79. 
- rate of, 79. 

ISOELECTRIC point, 36. 

JUGLANSIN, 24, 71. 

KAFIRIN, 28, 98. 

LEA YES, proteins in, 1 I. 
Lecithoproteins, 33. 
Legumelin, 20, 79, 100. 
Legumin, 4, 24, 58. 69, 79, 85· 
- from horse·bean, 24. 
- - lentil, 3, 24· 
- - pea, 3, 22, 71, 100, rIB. 
- - vetch, 22, 71, 100, lIB. 
Lentils, proteins in, 24. 
Leucosin, 20, 67. 
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Lima bean, proteins in, 25. 
Lupine-seeds, proteins in, 2~, 33, 3~. 

MAIZE, glutelin, 26, 9S. 
- proteins in, 25, 27, 104. 
Maple-seed, protein in, 24. 
Maysin, 24. 
Mucedin, 27. 
Mung-bean; proteins in, 25. 
Mustard-seed, protein in, 25. 

INDEX 

RADISH-SEED, proteins in,~25. 
Rape-seed, proteins in, 25. 
Rate of hydrolysis, 79. 
Relation of proteins to bases and acids, 36. 
Rice, proteins in, 25, 26, 27, 56. 
Ricin, 14, 21, IIO, II2, 1I3. 
Robin, 110, 116. 
Roots. proteins in, S, 9. 
Rye, proteins in, 3. 7, 25, 26, 27, 103. 

SCARLET runner beans, proteins in, 94. 
Sesame-seed, proteins in, 25. NITROGEN, in vegetabJe proteins, 71. 

N ucleoproteins, 9, 17, 2S. 
Nutritive value of vegetable proteins, 95. Sorghum seed, proteins in, 27. 

Spinach leaves, proteins in, 12,90, 93, 94. 

OATS, proteins in, 25, 102. 
Oryzenin, 26. 

PEA, proteins in, 24, 107. 
Peach, proteins in, 24. 
Pea-nut, proteins in, 24, 100, 101. 
Peptides, 35, 69. 
Peptones, 34, 69· 
Phase lin, 2 I . 
Phaseolin, 23, 24. 79, 9S. 
Phasin, IIO, II7. 
Phosphoproteins, IS, 31. 
Phycoerythrin, 32. 
Plant-fibrin, 4. 
Plant gelatin, 4. 
Plum, proteins in, 24. 
Potato, proteins in, 3, 24· 
Precipitation by acids, 5S. 
- - dialysis, 57. 
- - dilution, 57. 
- - neutral salts, 57. 
Prolamins, 16, 19, 26, 56. 
Protamines, 2S. 
Proteans, 17, 60. 
Proteose);, IS, 33, 51,69, II9· 

lOS. 
Squash-seed, proteins in, 24,69. 
Stizolobin, 24, 99. 
Sulphur in vegetable proteins, S6. 
Sunflower-seeds, proteins in, 25. 

TOMATO-SEED, proteins in, 25. 
Toxalbu'mins, I ro. 
Tuberin, 24, 44, 48. 

URAMINO nitrogen, 77. 

VETCH seeds, proteins in, 20, 24, 33-
Vicilin, 24, 69, 79, 86. 
Vignin, 24, 100. 

WALNUT, black, proteins in, 24. 
- European, proteins in, 24. 
Wheat, glutelin, 25, 48, 98. 
- proteins of, 9, 25, 26, 27, 103. 

ZEIN, 4, 26, 56, 6S, 69, 96, 97. 
Zymom, ~. 
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