The vegetable proteins / by Thomas B. Osborne.

Contributors
Osborne, Thomas B. 1859-1929.

Publication/Creation

London : Longmans, Green, and co., 1924.

Persistent URL

https://wellcomecollection.org/works/p8hecz9k

License and attribution

Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org







22222222222












Digitized by the Internet Archive
In 2017 with funding from
Wellcome Library

https://archive.org/details/b29807670



MONOGRAPHS ON BIOCHEMISTRY

EDITED BY
R. H. ADERS PLIMMER, D.Sc.
AND
F. G. HOPKINS, M.A., M.B., D.5c, F.R.5.

TrE subject of Physiological Chemistry, or Biochemistry, is

enlarging 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 its present
position. It is, moreover, difficult, in the case of the larger
text-books, to keep abreast of so rap1dl}r growing a science
by means of new editions, and such volumes are therefore
issued when much of their contents has become obsolete.

For this reason, an attempt is being made to place this
branch of science in a more accessible position by issuing
a series of monographs upon the wvarious chapters of the
subject, each independent of and yet dependent upon the
others, so that from time to time, as new material and
the demand therefor necessitate, a new edition of each mono-
graph can be issued without re-issuing the whole series. In
this way, both the expenses of publication and the expense
to the purchaser will be diminished, and by a moderate
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
in view : firstly, that each author should be himself working
at the subject with which he deals; and, secondly, that a
Bibliography, as complete as possible, should be included,
in order to avoid cross references, which are apt to be
wrongly cited, and in order that each monograph may yield
full and independent information of the work which has been
done upon the subject.

[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 upon the divisions

of the subject which may be of interest at the time.
E.H A P
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PREFACE TO THE SECOND EDITION.

Tue prediction in the last paragraph of the preface to the
first edition has been so well fulfilled, and so much time has
elapsed since the first edition was published, that the author
has been urged to revise the text and to extend the scope of
this monograph.

During the thirteen years since the appearance of the first
edition the progress of biochemistry has made some of the
chapters in the first edition less important and others so
much more important than formerly that some of these have
been omitted and others rewritten. It has also been 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 properties of proteins, which were
discussed in the first edition, have since been studied by
many investigators, among whom Professor L. ]. 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
chapters on the rate of hydrolysis of proteins and on the
proteins in green plants.

Vil



viii PREFACE TO THE SECOND EDITION

It 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 Professor R. S. Woodward, formerly Director of
this Institution, and his successor, Professor J. C. Merriam,
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PREFACE TO THE FIRST EDITION.

AvrtHouGH the proteins of plants early claimed the attention
of many chemists, our present 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 difficulties that for a long time the
available methods were too crude to enable those who under-
took such work to succeed in their task. The development
of the methods used by physiological chemists in their investi-
gations of animal tissues, the great development of organic
chemistry, and the no less important knowledge of the use of
antiseptics and the action of enzymes 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
importance to the animal physiologist, but the latter has had
so many rapidly increasing lines of research opened to him
during the past few years that he 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. It 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 proteins will be
brought into closer relations than in the past.

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

X



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.

L. BoG
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CHAPTER L
HISTORICAL REVIEW,

BEcCARI [1745] published in the Proceedings of the Bologna
Academy an account of his experiments with wheat flour, in which he
described the separation of the flour into two parts, one of which, he
says, was similar to “those things that are extracted from vegetable
substances,” and ‘‘the other was such that it did not seem possible to
extract it except from animal matter.” He states that he had already
communicated this fact to the Academy in 1728, but this communica-
tion appears to have never been published. After giving a detailed
description of the method by which he obtained this peculiar substance,
which we now know as wheat gluten, he describes at length the
experiments by which he compared its properties with products of
animal origin and contrasted its 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 substances. A comparison was also made
between the products of putrefaction of 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, 1] 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 insoluble 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-Meyer 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

1



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 nearly 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 different parts of plants.

During the same year Parmentier [1773, 1] 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 found 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 apparently unchanged properties.
Its solution in vinegar, on evaporation to dryness, left a horny and
yellow residue which was not hygroscopic. When the gluten was
extracted with spirits of wine some was dissolved, and the yellow
solution when evaporated left a transparent residue which burned with
a strong odour of burning animal matter. Nevertheless he appears to
have regarded this residue as a resin. When the gluten was boiled
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 concluded 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 plants, 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 1803, 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 [1801-02, 1802-03, 1803-04],
Cadet [1803-04], Proust [1802, 1, 2], Fourcroy [1802]).

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, 1]. He, however, assumed that all of
the gluten of wheat was soluble in alcohol, and considered this to be a
characteristic property of all vegetable proteins except the albumin,
which occurred dissolved in the juices of plants. He also undertook
an extensive investigation of the constituents of the potato [1305, 1],
barley [1806, 1], peas and beans [1806, 2] and lentils [1806, 3], and
found that the leguminous 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 the gluten found in the seeds of the cereals.
His discoveries showed the presence of two new forms of protein
matter in plants and laid the foundation for a more extended know-
ledge of these substances.

Gren [1809] in his Grundriss 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 elements. He further stated that plant albumin
contains hydrogen, nitrogen, carbon, sulphur, oxygen and probably
calcium phosphate, and cites as his authority the analyses by Fourcroy
and a then recent paper by Jordan [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 (cf. Braconnot [1813], John [1814], Seguin [1814], Vauquelin
[1814, 1817], Link [1815], Boullay [1817], Proust [1817], Vogel
[1818]).

Taddei [1819, 1] separated wheat gluten into two well-characterised

parts, one of which, soluble in alcohol, he called gliadin, the other,
I'.



4 THE VEGETABLE PROTEINS

insoluble therein, zymom. By this observation three distinct proteins
were shown to be present in wheat flower.

Gorham [1821] described a protein soluble in alcehol 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 named the protein which he obtained from
them legumin, and showed that it formed salt-like combinations with
acids.

During the next few years little further progress was made in the
study of plant proteins (cf. Marcet [1827], Berzelius [1828, 1, 2], Zenneck
[1828], Braconnot [1829, 1830, 1831], Hermbstadt [1831], Gay-Lussac
[1833]). 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 physical 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 [184T, 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 1841, 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 protein 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 composition 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 vegetable proteins, but Hartig [1855, 1856] published
the results of his elaborate investigations of seeds, in which he showed
that a large part of the reserve protein was present in the cells in the
form of crystals and grains of more or less definite structure. This
discovery was followed three years later by Maschke's [1858, 1859]
announcement that he had succeeded in artificially crystallising the
protein of the Para or Brazil-nut, which Hartig had shown to be
present in this seed in the form of rhombohedral crystals.

Denis [1859] showed that many protein substances of both animal
and vegetable origin were soluble in neutral saline solutions, and thus
presented to chemists an entirely new means for isolating and purifying
these proteins. Although Denis’ discovery has since been of funda-
mental importance in the modern study of proteins, especially those
of seeds, its significance was not appreciated for several years.

In 1860, Ritthausen [1862, 1] 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 their composition. As a result of these
investigations the prevailing knowledge 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 soluble in saturated solutions of sodium chloride. The views which
he advanced in respect to the general character of protein substances



6 THE VEGETABLE PROTEINS

in seeds received immediate and extended recognition on the part of
physiologists and of those familiar with proteins of animal origin ; and
as he claimed that the preparations which Ritthausen had obtained by
the aid of weak alkaline solutions were altered products of the original
protein constituents of the 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 saline 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
disregard his assertions. At about the time Ritthausen ceased work-
ing in this field investigations were begun by the writer and carried on
throughout the next twenty years. During this time a few other in-
vestigators occasionally dealt with special questions connected with the
chemistry of the vegetable proteins but no connected or extensive in-
vestigation of these substances was undertaken by any one 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 directed 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. Ewen the latter
have not yet yielded preparations which are certainly alike. Thus the
closely related seeds of wheat and rye contain alcohol-soluble proteins
which have thus far been proved to differ only in 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, 1911), 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 Kossel
and Emil Fischer developed methods for determining the amino-acids
which proteins yield when completely hydrolysed the vegetable proteins
became of especial interest. Analyses of many of them were thus made
by the author and his associates as well as by E. Abderhalden and
others. The results of these analyses confirmed the wide differences
between many of the proteins of seeds which the simpler and less
certain methods earlier employed had indicated.

Thus a chemical basis for the differentiation of proteins became
available and these substances, long ignored by the organic chemist,
began to receive attention. Since many of the vegetable proteins
present in seeds commonly used for food by men and animals differed
greatly in their amino-acid make-up, not only from one another, but
also from those obtained from animal food products, an extensive
series of studies of their relative value in nutrition was begun in 1910
by Osborne and Mendel. In 1915, the United States Department of
Agriculture undertook investigations of the vegetable proteins under
the direction of C. O. Johns and many valuable contributions to this
subject have been made by him and his associates.



CHAFPTER IL

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-
developed 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
[1859], Nigeli [1862], Schimper [1880], 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 wall 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 complicated than in the cells of the
endosperm, since the metabolic processes of the embryo apparently

require a greater variety of substances than exist in the cells of the
8
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endosperm of the fully ripe seed, whose chief 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 the form of crystals.

Little that is definite is known concerning the chemical properties
of any of the plant proteins except those of seeds, for the proteins
occurring in the physiologically active cells and fluids of plants have
been but little studied, owing to the relatively small quantities in which
they occur and the difficulty of separating them from each other.

The total protein is contained in several different parts of the seed,
namely, in the endosperm cells as reserve protein, in the protoplasm of
these cells, and in the cells composing the tissues of the embryo, both
in the cytoplasm and in the nuclei. As it is not possible, in most cases,
to separate these different parts of the seed 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 be expected to contain a
number of different proteins. Experience has 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 contain in addition to a
relatively large amount of one or two types of protein, which are
manifestly the reserve protein of the seed, a certain small proportion
having distinctly different properties. It is probable that 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 nucleoproteins and nucleins are obtained from this embryo meal.

Thus Osborne and Voorhees [1893] (cf. also Frankfurt [1896] and
O'Brien [1895]) found that the flour of the entire kernel of samples of
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spring and winter wheat yielded the quantities of the proteins enumer-
ated in the following table :—

Spring Wheat Winter Wheat

Fer Cent. Per Cent.
Glutenin . . : . . : . 468 417
Gliadin : : : : : : . 3gb 3'go
Globulin =~ . : ; - . : . orha o063
Albumin ; L : - ] ; . 0739 036
“ Proteose : ; : : : . @21 043

Osborne and Campbell [1900] obtained from the wheat embryo
meal no gliadin or glutenin, 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 residual protein. In wview 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,
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 extracts 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,
also 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

! Plefter, W., The Physiology of Planis, p. 131. Second edition, 632 pp. Translated by
Alfred ], Ewart. Oxford, 1goo.



PROTEINS IN DIFFERENT PARTS OF PLANTS 1

the animal albuminoids or scleroproteins bear to the physiologically
active tissues of the animal, for the reserve protein of ripe seeds has
even less connection with the living tissues of the plant which pro-
duced it than the albuminoids of hair, horn and hoof have with the
living tissues of the animal.

This physiological analogy extends, within certain limits, to the
chemical characteristics of these substances, Like the animal albumin-
oids, the reserve seed proteins are more stable toward chemical and
physical agents than are the proteins which form parts of the living
protoplasm of animals, and also, like most of the albuminoids, they
differ more widely in the proportion of some one or more of the amino-
acids which they yield when hydrolysed than do the more physiologic-
ally active proteins of either vegetable or animal origin, the protamines
excepted. Thus gliadin of wheat and hordein of barley yield more
than 40 per cent. of glutaminic acid, while silk fibroin yields 36 per
cent. of glycocoll and 21 per cent of alanine. The alcohol-soluble
seed proteins yield the basic amino-acids in very small amount as do
also some of the albuminoids, e.g. elastin and keratin. No such wide
differences have been found among the physiologically active proteins
of plants or animals, and in this respect many seed proteins and
albuminoids present marked structural differences from the tissue
proteins. The seed proteins, moreover, offer an advantage for chemical
study which most of the albuminoids do not, as, unlike 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 insoluble albuminoids.

Owing to their relatively great stability most of the reserve proteins
of seeds can be subjected to extensive fractional precipitation, and the
chemical and physical properties of successive fractions compared,
These proteins, therefore, yield more definite and well-characterised
preparations than do most of the known proteins of animal origin,
and a study of them has resulted in more definite knowledge of the
chemistry of protein matter than has been obtained by a study of pro-
teins from any other source, with the exception of casein from cow’s
milk.

It was one of the earliest observations respecting the proteins of
plants that their freshly expressed 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 been
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 [1921] as well as Chibnall and Schryver [1921] 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 saline
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 erystals, 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 is 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 ot acids or alkalis, while
in the seeds of the cereals a part is also soluble in alcchol of from 7o
to go per cent. The proteins extracted from seeds by these several
solvents will be considered in greater detail later.



CHAPTER IIL

CHEMICAL INDIVIDUALITY OF PROTEIN PREPARATIONS.

SINCE proteins have none of those physical and chemical characters
which the chemist usually depends upon to show the individuality of
an organic chemical compound, their isolation in preparations of
assured 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 the strict chemical individuality
of any one of them. The best that can be done at present is to
establish a constancy of the ultimate composition of successive fractional
precipitations of the protein under consideration, and to show the
constancy of the physical properties and products of hydrolysis of
these fractions so far as this is possible. There can be no question,
where differences are established in composition or properties between
successive fractions of a protein preparation, 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 one of these proteins can be
definitely accepted as a true chemical entity., Many, however, of the
proteins with which we are at present familiar have 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
1911) 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. This test showed that each seed contains
several chemically distinct proteins, and that no two seeds, unless very
I3



I4 THE VEGETABLE PROTEINS

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
physical 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
groups of seeds which in physical properties and chemical structure
appear to present especial opportunities for future investigation.

In this connection it is worth while to consider the evidence now
available which indicates the possibility of separating these proteins
from one another, as well as from associated substances, for it has been
generally assumed that the difficulties presented in making such separa-
tions are so great that there is little hope for success. Most of the seed
proteins now known are soluble in salt solutions and can be precipitated
by dialysis in the form of crystals or spheroids which are relatively large
when compared with the minute particles of an amorphous precipitate.
These separate 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
origin. Good evidence of this is the fact that the chief protein of the
castor bean, as Osborne, Mendel, and Harris have found, could be freed
by a single reprecipitation by dialysis from all but minute traces of any
toxic substance, though the solution from 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 quantitatively precipitated therewith.
The conclusion is, therefore, justified that the separation from the
water-soluble protein by a single reprecipitation by dialysis is in a high
degree complete. This fact is good ground for considering it possible
to separate proteins very completely from one another under such
conditions.

Further evidence of this is furnished also by the anaphylaxis reac-
tion. Asis well known, extremely small quantities of a protein suffice
to sensitise guinea pigs to subsequent doses of the same protein. In
many cases Wells and Osborne [1915] found that preparations of
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vegetable proteins obtained by repeated precipitation by dialysis, or
by dilution, were so 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 appears possible to separate very perfectly two
individual proteins from one another when these occur in the same
solution.

The fact that many vegetable proteins can be easily obtained so free
from carbohydrates that their preparations give no trace of reaction
with the Molisch test is strong evidence that these can be entirely
freed from such non-protein contaminations.



CHAFTER 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 scheme
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 method of
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 the
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 ' and America® for the purpose
of agreeing on a scheme of 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 vegetable proteins,
it is used in this monograph. This scheme provides for the following
groups i—
I. The Simple Proteins.

(@) Albumins.

(#) Globulins.

(¢) Glutelins.

() Prolamins (Alcohol-soluble proteins).

(¢) Albuminoids.

(/) Histones.

(¢) Protamines.

! Proteid Nomenclaiure, Report of Committee. -T'. Physiol., 1907, 35, xvii-xx.
* Recommendations of the Committee on Protein Nomenclature. Amer, ], Physiol., 1908,
21, xxvii-xxx, also Proceedings of the American Society of Biological Chemists, 1908, I, 142-
145.
(3]
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I1. Conjugated Proteins.
(@) Nucleoproteins.
(4) Glycoproteins.
(¢) Phosphoproteins.
(¢) Hezmoglobins.
(¢) Lecithoproteins.
ITII. Derived Proteins.
1. Primary Protein Derivatives.
(a) Proteans.
(#) Metaproteins.
(¢) Coagulated proteins.
2. Secondary Protein Derivatives.
(a) Proteoses.
(&) Peptones.
(¢) Peptides.

The vegetable proteins belong to groups which were first established
in connection with studies of animal proteins, but the definitions of
these groups, as usually found in text-books dealing with proteins, must
be modified to some extent if they are to include those vegetable
proteins which have properties in the main agreeing with those of
the animal proteins heretofore assigned to such groups.

All of the proteins of seeds which have been carefully studied
belong to the group of simple proteins, and of those supposed to be
conjugated proteins none has yet been proved to belong to this group,
though it is quite possible that representatives of this group, possibly
peculiar to plants, may exist abundantly in the cells of living plants.
Thus the greater part of the protein in spinach or alfalfa leaves cannot
be extracted by dilute alkali until the tissues are heated therewith for
some time, suggesting that the protein moiety is rendered soluble in
dilute alkalis or acids only after hydrolysis. Such data as have been
secured indicate that this protein may be combined with flavone-like
complexes. If true, this would represent a type of conjugated protein
hitherto unknown. Conclusive evidence supporting this view has not
yet been obtained.

Nucleoproteins have been frequently described as occurring in
vegetable cells and it is possible that they do thus occur, but if by
nucleoproteins is meant some form of combination between protein
and nucleic acid other than as a salt or nucleate, conclusive evidence
of their existence has not been advanced. Compounds of nucleic
acid and protein have been isolated from the embryo of wheat, but the

2
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products obtained gave noevidence 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, are
incompletely coagulated by heating their faintly acid solutions and in
some cases are not coagulated at all. Their relations to saturated salt
solutions are also different, for many of them are not precipitated by
saturating their solutions with magnesium sulphate or half saturating
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
which 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 large part of the known
proteins obtained from seeds. It seems unfortunate, therefore, that
a method of distinguishing globulins should have been introduced which
cannot be applied to one of the best characterised and numerously
represented 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
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Penicillium camemberti (Dox, 1909) have shown that while this enzyme
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
by erepsin.

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 precipitated by saturating with sodium chloride
or magnesium sulphate and some also at less than half saturation with
ammonium sulphate.

Two groups of proteins are found in seeds which have no represent-
atives among the animal proteins, namely, the prolamins and the
glutelins. The former is one of the most definitely characterised
group of proteins known, for its members are freely soluble in ethyl
aleohol of 70 to 8o per cent, one even dissolving in all proportions in
alcohol of go to g2 per cent. They are also soluble in many other
alcohols. The prolamins are sharply differentiated from other proteins
in their constitution, since all that have been hydrolysed with acids
yield a relatively large amount of ammonia, glutaminic acid and
proline and a very small proportion of arginine and histidine, and
very little or no lysine.

The group of glutelins has been provided to include those proteins
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 wheat flour, but evidence of the
existence of proteins of similar solubility in many other seeds has been
obtained.

I. SIMPLE PROTEINS,
(a) Albumins.

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
pure water and coagulable by heat. The animal albumins are not

precipitated by saturating their neutral 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 albumins on the
basis of their solubility in water at neutral or slightly acid reaction and
their coagulability by heat. It is not always easy to decide whether,
or not, a vegetable protein actually belongs with the albumins, as it is
difficult, in many cases, to determine whether the protein substance in
question is soluble in water alone or whether the presence of minute
quantities of salts, bases or acids has caused its solubility. Thus, some
leguminous seeds contain legumelin, which appears to be soluble in
pure water but is partially precipitated by long-continued dialysis.
Such precipitates, however, are not soluble in saline solutions and it is
probable that they result from a denaturing of the protein. Whether
in these cases denaturing occurs before precipitation, or the precipitation
results from a complete removal of the salts and denaturing occurs
afterwards, is difficult to establish, 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 seeds,
and the difficulties presented in completely separating them from
associated globulins, conclusive evidence in regard to the albumin
nature of some of them has not yet been obtained. 5Such proteins
must, for the present, be regarded 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 are as
well entitled to be placed in the group of albumins as any of those of
animal origin. The best characterised vegetable albumins are:—
Wheat, Triticum vulgare (Osborne and Voor-
Leucosin found in the seeds of R}ra,h.;?:;:;fs?g:ﬁf ?g‘;}f;:icfgﬁg?ﬂl_‘ %300},

Barley, Hordeum vulgare (Osborne, 18g5, 2).
¢ Pea, Pisum satizum (Osborne and Campbell,

13g8, 1).

Horse-bean, Vicia faba (Osborne and Camp-
bell, 18g8, 3).

Vetch, Vicia sativa (Osborne and Campbell,
righ, 4).

Legumelin (Osborne and Campbell, 1898, 5) ) Soy-bean, Glyeine lispida (Osborne and
found in the seeds of Campbell, 1855, 6).

Lentil, Eronm lens (Osborne and Campbell,
1898, =). :

Adzuki-bean, Phaseolus radiatus (Osborne
and Campbell, 1897, 5).

Cow-pea, Vigna sinensis (Osborne and Camp-
bell, 1897, 4).
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ifgy: Waterman, Johns and Jones,

Kidney-bean, Phaseolus pulgaris (Osborne,
Phaselin found in the seeds of {

1923). .
R : Castor-bean, Ricinus communis (Osborne,
Ricin found in the seeds of Mendel and Harris, 1gos).

Small quantities of albumins are also found in most other seeds but
have not been studied or given distinctive names.

(&) Globulins.

The presence of protein matter soluble in neutral saline solution in
seeds was first shown by Denis [1859] and later confirmed by Hoppe-
Seyler [1866-1871, 1]. Denis found that such substances were ex-
tracted from vegetable tissues by solutions of sodium chloride. Weyl
[1876, 1877] examined a large number of seeds and found that all of
them contained protein soluble in solutions of sodium chloride. He
divided the globulin thus extracted into two groups, the vitellins,
soluble in saturated solutions of sodium chloride, and the myosins, in-
soluble therein. Vines [1879, 1880, 2] soon after investigated the
action of salt solutions on the aleurone grains in different seeds and
proposed a classification of these based on his observations, The criti-
cism made by Weyl of the results which Ritthausen had obtained by
extracting seeds with dilute alkalis led Ritthausen to apply extraction
with sodium chloride solutions to a number of the seeds which he had
previously studied, and he showed that most of the seed proteins were
globulins. The experience of all who have since worked with the
proteins of seeds has fully confirmed this conclusion.

Globulins, as here defined, are proteins insoluble in water but
soluble in saline solutions. In this group must be included, for con-
venience, a large number of vegetable proteins which may not strictly
conform to this definition. Osborne [1901, 2] showed that prepara-
tions of edestin crystallised from sodium chloride solutions contain
combined hydrochloric acid, those from sodium sulphate solutions con-
tain combined sulphuric acid. This was demonstrated by suspending
the preparation in water and adding potassium hydroxide solution to
neutral reaction. During the titration the edestin does not dissolve
but yields its combined acid to the alkali. By filtering out the edestin
an amount of potassium chloride or sulphate was found in the filtrate
closely corresponding to the amount of potassium hydroxide added.
It was further found that when the potassium chloride corresponded
to 07 c.c. of potassium hydroxide per gramme of edestin the prepara-
tion was entirely insoluble in water, but when greater, the edestin was
soluble in proportion to the excess of combined 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 content of 14 cc. 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 solubility 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, eg. 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 phenol-
phthalein. Whether or not such proteins form salts with strong 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. It 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 with 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, and the globulin of the 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 tested. The wvegetable
globulins are precipitated by partial saturation with ammonium
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sulphate at very different degrees of saturation. Although many of
them are precipitated by adding an equal volume 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 the seed globulins are only im-
perfectly coagulated by heating their solutions even to boiling, and
some of them can be thus heated for a very long time without showing
any apparent change.

A number of the vegetable globulins can be readily obtained in
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
which crystallise readily are usually precipitated by dialysis in well-
formed crystals. Such are edestin from the hemp-seed, excelsin from
the Brazil-nut, 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 precipitates on dialysis in the form of minute
spheroids, mixed with a few octahedral crystals which sometimes are
of unusuil size and very perfect form, but completely crystalline
preparations of this globulin have never yet been obtained. Globulins
which crystallise easily generally can be obtained in crystals by diluting
their sodium 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.

Schmiedeberg [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 the 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], showed 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 :—

Legumin (Osbormne and Campbell 1898, s),

found in the seeds of

WVignin found in the seeds of
Glycinin found in the seeds of

(Pea, Pisum sativum (Osborne and Campbell,
18g8, 1).

Horse-bean, Vicia faba (Osborne and Camp-

4 bell, 18g8, 3!.

Vetch, Vicia safiva (Osborne and Campbell,

1898, 4).

Lentil, Ervum lens (Osborne and Campbell,
13g8, 2).

Cow-pea, Vigna sinensis {Osborne and Camp-
bell, 1897, 4).

{Su}f-bean, Glycine hispida (Osborne and
Campbell, 1808, 6).

ney-bean, Phaseolus wvnlgaris (Osborne

o

: : : Kid
Phaseolin, erystalline, found in the seeds of { 18g4 ; Finks and Johns, 16920).

Conphaseolin found in the seeds of
Conglutin found in the seeds of

Vicilin found in the seeds of

Stizolobin found 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
Acenn found in the seeds of

Corylin found in the seeds of

Amandin found in the seeds of

Juglansin found in the seeds of

Excelsin, crystalline, found in the seeds of

Edestin, crystalline, found in the seeds of

Kidney-bean, Phaseolus vulgaris (Waterman,
Johns and Jones, 1923).
| Lupines, Lupinus (Osborne and Campbell,
| 1897, 1; Osborne and Harris, 1905, 2).
i’Fta.., P:'s;m ]m.ﬁuum (Osborne and Campbell,
18g8, 1).
i Horse-bean, Vicia faba (Osborne and Camp-
'{ bell, 1898, 3).
i Lentil, Ervum lens (Osborne and Campbell,
L 1808, 2),
Chinese wvelvet bean, Stizelobium mivenm
{ {]nh?s and Finks, 1918 ; Jones and Johns,
1919).
Jack bean, Canavalia ensiformis (Jones and
Johns, 1916).
{Pﬁauut. Arachis hyfogaea (Ritthausen, 1880 ;
Johns and Jones, g1, rgry, 1).
Maple, Acer saccharinum (Anderson, 1g21).
{Haxe]-nut, Coryins avellena (Osborne and
Campbell, 1896, 5).
rAlmond, Prunus ampgdalns (Osborne and
Campbell, 1846, 5).
Pﬂch:g};m“m fersica (Osborne and Campbell,
1596, 5).
Plum ? Pruﬂ]us domestice (Dumas and Cahours,
1B4z).
Apricot?  Prunus armeniaca (Dumas  and
! Cahours, 184z2).
rEumgnan walnut, Fuglans regia (Osborne and
ampbell, 1806, 5).
American black walnut, Fuglans nigra (Os-
1 borne and Harris, 1903, 5).
American butter-nut, Fuglans cinerea (Osborne
b and Harris, 1go3, 5).
Brazil-nut, Bertholletia cxcelsa (Osborne, 18g2,
3; Weyl, 1877).
I‘HemS, Cannabis sativa (Ritthausen, 1881, 1;
i sborne, 189z, 3).
Avena sativa (Osborne, 18gz2, 1; Osborne

A,

Avenalin, crystalline, found in the seeds of i Dat!a.nd. Campbell, 1896, 5).

Castanin found in the seeds of
Maysin found in the seeds of
Tuberin found in the tubers of

Cucurbitin, crystalline, found in the seeds ol‘{ Squ

European chestnut, Castanéa vulgaris (Barlow,
1gos).

Maize, Zea mays (Osborne, 18g7, 2).

Potato, Solanwm fnberosum (Zéller, 1880 Os-

borne and Campbell, 2896, 3).

ash, Cucurbita maxima (Grobler, 1881

Osborne, 18g2, 3).
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Globulins have also been isolated in considerable quantity from
the following seeds and have been the subject of more or less study,
but distinctive names have not yet been given to them :—

Globulin, crystalline, from Flax-seed, Linum usitatissimum (Osborne, 1892, 2).
T i o {Castor-h&an, Ricinus communis (Ritthausen, 1881, 1; Os-
borne, 189z, 3).
Cocoa-nut, Cacos nucifera (Ritthausen, 1850 Kirkwood and
{ (iies, 1goz; Johns and Jones, 1g20; Jones and Johns,
1g2o).
T Sesame-seed, Sesamum indicum (Ritthausen, 1881, 1).

s from f Cotton-seed, Gossypinm herbacewm (Osborne and Voorhees,
| 1894, 2).

o - [ Sunflower-seed, Helionthus annuus (Ritthausen, 1880; Os-
barne and Campbell, 1897, 3).

it i Candle-nut, Alenrites friloba (Ritthausen, 1381, 3).

" £y Radish-seed, Raphanus sativus (Ritthausen, 1881, 7).

e . Rape-zeed, Brassica campestris EWe:ﬂ, 1877).

" " Mustard-seed, Brassica alba (Weyl, 1877).

" - B {Mung-h:an, Phaseolus anrens Roxburgh (Johns and Water-

" 8 man, Ig2o, ).

. " Buckwheat, Fagopyrum fagopyrum (Johns and Chernoff,
1g18).

o e Cohune-nut, Aéfalea cokune (Johns and Gersdorfi, 1920).

3 EL {Tomarn seed, Solanum esculeninm (Johns and Gersdorff,

58 ﬁ L] Igiﬂ].

s pal e Adsuki bean, Phaseolus amgularis (Jones, Finks and

5 A Gersdorff, 1922).

EE {Lima bean, Phaseolus lunatus (Jones, Gersdorff, Johns and

i 8 Finks, 1922).

e & ai f Georgia velvet hean, Stizolobium deeringianum (Johns and

TH I Waterman, 1920, 1).

Globulins which have not yet been named have also been isolated
in small quantity from the seeds of wheat, Triticum vulgare [Osborne
and Voorhees, 1893 ; Denis, 18509]; rye, Secale cereale [Osborne, 1895,
1]; barley, Hordeum wvulgare [Osborne, 1895, 2]; rice, OUrysa sativa
[Rosenheim and Kajiura, 1908]; and maize, Zea mays [Chittenden
and Osborne, 1891-92 ; Osborne, 1897, 2; Weyl, 1877], and in larger
amount from those of the oat, Avena sativa [Osborne, 1891, 1892, I,
1893 ; Weyl, 1877]. In the wheat-kernel most, if not all, of the
globulin is contained in the embryo [O'Brien, 1895; Osborne and
Campbell, 1900], 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
oats, in which the quantity is relatively so great that, in this seed, it
must form a part of the reserve protein.

(¢) Glutelins.

This group includes those proteins which are not dissolved by
neutral aqueous solutions, by saline solutions, or by alcohol. The
glutenin of wheat is the only well-characterised representative
of this group which has yet been obtained. The seeds of other
cereals doubtless contain proteins of similar character, but, owing 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
vield similar quantities of albumins and globulins and also nearly
the same quantity of protein soluble in alcohol. Protein matter can
be extracted from 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 case with
wheat. From a by-product of maize 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 preparations
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 oryzenin,
which they state represents the greater part of the protein of this seed.

After extraction with neutral solvents the residues of the seeds of
most species usually contain a small quantity of nitrogen which may
or may not belong to protein. Alkalis usually extract from such
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 proteins of the character of glutelins are widely dis-
tributed among the different seeds there is no conclusive evidence that
this is in fact so,

The only well-defined glutelins are :—
Glutenin found in the seeds of Wheat, Triticum ﬂuiﬂan: [Oshorne and Voorhees, 18gz].

Oryzenin found in the seeds of Rice, Oryza sative [Rosenheim and Kajiura, zgo8].
Maize glutelin found in the seeds of Maize, Zea mays [Osbome and Clapp, 1908, 2].

() 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. It 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 go per cent. They are nearly or wholly
insoluble in water, but their salts with acids or alkalis dissolve
freely therein. They yield much glutaminic acid, proline and
ammonia, small amounts of arginine and histidine and little or no
lysine.

Alcohol-soluble proteins were among the first recognised in seeds,
having been described as early as 1805 by Einhof as occurring in the
seeds of rye [1805, 2] and barley [1806, 1] Taddei [1819, 1] found
that a part of the gluten of wheat was soluble in alcohol, and Gorham
[1821] reported a similar protein, which he called zein, in the seeds of
maize. Kreusler [1869] found in the oat-kernel an alcohol-soluble
protein, and Johns and Brewster [1916] showed that the seeds of
sorghum, Andropogon sorghum, also contain a considerable quantity of
such protein. Rosenheim and Kajiura [1908] showed that the seeds of
rice contain no protein soluble in alcohol. Prolamins have thus been
found in the seeds of all the cereals that have been examined with the
exception of rice, but have never been found in the seeds of any other
family of plants.

The prolamin of wheat, Triticum vulgare, was named gliadin by
Taddei [1819, 1]. Ritthausen [1872, 2] concluded that the alcohol-
soluble protein of wheat consisted of three distinct proteins, gliadin
mucedin and gluten-fibrin, but subsequent investigations have not
supported this view [cf. Osborne, 1907 ; Groh 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 [18g7, 2], and by Osborne and Clapp [1g08, 2]. Hordein,
which is the prolamin of barley, resembles gliadin in solubility
[Osborne, 1895, 2] but differs distinctly in the proportion of the amino-
acids which it yields on hydrolysis [Osborne and Clapp, 1907, 5;
Kleinschmitt, 1goy, 1, 2 ; Johns and Finks, 1919}
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The principal prolamins are therefore :—

e e Wheat, T'riticum vulgare [Osborne and Voorhees, 18g3].
Gliadin found in the seeds of {R}rt, Secale cereale [Osborne, 1805, 1].
Hordein found in the seeds of Barley, Hordeum vulgare [Osborne, 18g5, 2].

Tein fanid tn thic seeds of '[Mmz(;;;]:f:f::e Tg;; 2%I:.Zl'm.'ci.':m:hm and Osborne, 18g1-92;

Kafirin found in the seeds of  Sorghum, Androfogon sorghum [Jones and Johns, 1918].

(&) Albuminoids.

No representatives have yet been found in plants of the remaining
groups of simple proteins, namely, the albuminoids, histones and pro-
tamines. Many of the reserve proteins of seeds show relations to the
albuminoids, as has been already pointed out, but the differences in
their behaviour toward solvents is so great that none of them can be
considered to belong to this group.

() Histones.

The large amount of basic amino-acids which many of the seed
proteins yield is similar to that which is considered to be characteristic
of the histones; also the reactions of edestan (cf. p. 62) are similar
to those of the histones. Whether any real relation exists between
the histones and those seed proteins which yield a high percentage of
basic amino-acids can be 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 has been generally

supposed.
() 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 among
the reserve proteins of seeds. It is possible that such substances occur
in pollen grains, but neither the early investigations by Fourcroy [1802],
John [1814], or Braconnot [1829], 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 and Kulp [1922] of corn
pollen, have given evidence of their presence. These investigators,
however, made no special efforts to discover protamine in pollen and
its presence is by no means excluded by their work.

II. CONJUGATED PROTEINS.

(@) Nucleoprotetns.

The nucleoproteins deserve attention because they have been con-

sidered to be among the most important constituents in the cells of
animals and plants. They were first described as existing in vegetable
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cells by Hoppe-Seyler [1879], who obtained a preparation from
yeast which was very similar to those then recently obtained by
Miescher from animal sources. Kossel [1879, 1880] next investigated
this substance and found that the phosphorus content of different pre-
parations varied widely, but that most of them contained about 3°5
per cent. of phosphorus, which fact he regarded as evidence of a more
stable combination containing this proportion of phosphorus.

Altmann ! [1889] discovered nucleins to be compounds containing
both nucleic acid and protein. It is difficult to determine just what
views are now held concerning the character of the union of the nucleic
acid and protein, but, from what appears in the literature of this sub-
ject, many writers evidently consider nuclein to be something other
than a protein nucleate, The available evidence in regard to the
nature of this union is very scanty and practically all that is definite
relates to the formation of protein nucleates. It is not impossible that
other forms of union may exist, but the conditions under which
nucleoproteins and nucleins have been obtained make it extremely
difficult, if not impossible, to prove the existence of an organic com-
bination between the nucleic acid and protein. The methods thus far
employed in isolating these substances depend on processes which
would yield a salt of protein and nucleic acid if these two substances
were present in the solution. No hydrolytic splitting of the nuclein
thus obtained appears to be necessary to set its component parts free,
unless hydrolysis is effected with extraordinory ease and with great
rapidity. Furthermore, the experiments of Milroy* and Lobisch?
show that artificial mixtures of phosphorus-free protein and free
nucleic acid yield products which have the properties usually con-
sidered to be characteristic of the nucleins, although from the conditions
of their production these artificial compounds could have been nothing
other than protein nucleates,

Such preparations of nucleoproteins as have been obtained from
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 that similar
products may exist there,

VAltmann, R. Ueber Nucleinsauren. Archiv, fiir Anat, u. Physiol.,, physiol. Abth.,
1889, 524-536.

*Milroy, T. H. Uecher die Eiweiss-Verbindungen der Nucleinsaure und Thyminsiure und
ihre Besichung zu den Nucleinen und Paranucleinen,  Zeit. physiol. Chem., 1896, 22, 307-326.

*Lobisch, Wilhelm. Ueber Nukleinsdure - Eiwessverbindungen unfer besonderver
Beriicksichtigung der Nuhleinsiaure der Milchdriise und threr angeblichen Besichung sur
Kaseinbildung. Beitr, chem. Physiol. Path., 1906, 8, 1g1-20g.



30 THE VEGETABLE PROTEINS

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.!

The freshly prepared aqueous extract of the embryo-meal is neutral
to litmus, alkaline to lacmoid and decidedly acid to phenolphthalein.
If heated at once in a water bath to 98° no coagulation occurs unless
a very little acid is previously added. On standing at the room
temperature for a few hours, protected with thymol, the extract
gradually becomes more acid, and, if then heated, a large coagulum
forms between 50° and 55°.

In consequence of this continuous development of acid in the
extracts, the conditions which determine the proportion in which bases
and acids can combine are constantly changing, and, as the proteins
are polyacid bases and nucleic acids are polybasic acids, many different
salts may be formed under the various existing conditions. We must
therefore expect 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 albumin, 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 nucleo-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 to the actual occurrence of nucleo-

1 Oshorne, T. B., and Harris, 1. F., Die Nucleinsiure des Weizenembryos. Zeit,
physiol, Chem., 1902, 36, 85-133.
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proteins in plants. Concerning the evidence of the existence of such
compounds 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,

From such knowledge as we now possess it is evident that, at the
most, only small 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 cells are far more abundant than in
the tissues of the endosperm. Nucleoproteins have been described as
constituents of fungi and bacteria, but no critical study of any of these
has yet been made [cf. Nageli and Loew, 1878 ; Hoppe-Seyler, 1879 ;
Kossel, 1879, 1880, 1881 ; Klinkenberg, 1882 ; Stutzer, 1882; Van-
develde, 1884 ; Liebermann, 1890 ; Gottstein, 1893 ; Malfati, 1891-92;
Lasché, 1895; Galeotti, 1808 ; Wrdblewski, 1898 ; Ruppel, 1898 ;
Ascoli, 1899 ; Iwanoff, 1902 ; Tiberti, 1902]

(8) Glyeoproteins.

Little that is definite can be said concerning the occurrence of
glycoproteins in plants. It is certain that many of the known seed
prcteins do not belong to this group, for they give no Molisch reacticn
and therefore contain no carbohydrate. Krawkow [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 attaches to this observation.
Ishii [1894] described a substance obtained from the tubers of yams
which had physical properties and an ultimate composition similar to
the mucins of animal origin. As he makes no statements concerning
the presence of carbohydrate in his preparations, its relations to the
true mucins 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.

It 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,
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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 the reserve food protein of seeds consists
of similar substances [cf. Czapek, 1905, p. 59].

Hoppe-Seyler [1866-71, 1] suggested that in the nuts of Ber-
tholletia and the seeds of Pisum sativum proteins similar to the
vitellin of the yolk of hen’s eggs may occur, but he based this sugges-
tion solely on the fact that he had extracted a lecithin-like substance
from crude preparations obtained from these seeds. He says nothing
of the presence of phosphorus in the protein which remained after
extracting with warm alcohol, and consequently gives no evidence
which shows these to be vitellin-like proteins.

In discussing the relations of edestin to acids it was shown in the
first edition of this monograph that the preparations of crude edestin
which were obtained by a single precipitation from the extract of the
seeds, contained a small amount of phosphorus, which, however,
disapjeared completely after reprecipitation by dialysis or by dilution.
The crude preparations of most seed proteins, like those 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 phosphorus completely and in this respect differ in a
marked degree from all known vegetable proteins. No good evidence
has therefore been obtained to show that phosphoproteins occur in
plants, and if these occur at all it is only in very small quantity.

(&) Hemoglobins.

Kylin [1g910] has suggested that a close relation may exist
between the crystalline coloured protein, phycoerythrin and hamo-
globin, although he offered no chemical evidence to support this view.
Since he states that the coloured component of phycoerythrin is
liberated by acid hydrolysis and can then be extracted from the solu-
tion by amyl alcohol the possibility must not be overlooked that this
complex protein may contain some derivative of flavone, in this respect
resembling the type of complex proteins which the investigations of
Osborne, Wakeman and Leavenworth [1921] haveindicated may occur
abundantly in the alfalfa plant. This suggestion does not seem un-
reasonable since phycoerythrin is obtained from the tissues of the entire
marine plant, Ceramium rubrum, and by analogy its proteins might be
expected to resemble those of green land plants more nearly than those
from other vegetable sources.



CLASSIFICATION OF VEGETABLE PROTEINS 33

(e) Lecithoproteins,

Lecithoproteins have not been isolated from plants, and satisfactory
evidence of their existence has not yet been brought forward. Schulze
and Likiernik [1891] and Schulze and Winterstein [1903] assume the
presence of lecithalbumin in seeds from the fact that a part of the
lecithin always remains undissolved when the powdered seeds are
extracted with ether.

Hoppe-Seyler [1866-71, 1], as stated on p. 32, obtained a
lecithin-like substance from crude preparations of the proteins of the
Brazil-nut and pea, but his briel statement is not sufficient to warrant
the conclusion that this lecithin was anything other than a contamina-
tion of the preparations which he examined.

III. DERIVED PROTEINS.

I. PRIMARY FROTEIN DERIVATIVES,

The members of the various groups of derived proteins are all
represented by corresponding products obtained from vegetable
proteins.

2. SECONDARY PROTEIN DERIVATIVES.
(@) Proteoses.

The first observation which indicated the presence of proteoses in
seeds was made by Vines [1879, 1880, 1] who obtained a proteose-like
product from lupine-seeds which he called ‘ hemialbumose.,” He
also noted the presence of a similar substance in the seeds of vetch,
hemp and flax. Schulze and Barbieri [1881, 2] soon afterwards
examined a number of different parts of many kinds of plants, and
concluded from the results which they obtained that plant juices and
extracts often contain ‘‘ peptone ” (proteose ?) in small quantity. Even
during germination they found only a small quantity of * peptone,”
and stated that a storing up of this substance does not occur. They
confirmed an earlier observation 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 of seeds after the
other proteins had been removed, Whether these proteoses were
original constituents of the seeds or resulted from the action of
proteolytic 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 vielded 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 which is so
frequently met with. A striking instance of this was encountered by
Osborne and Harris [1905, 2], who subjected 6oo 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 Quring these operations were small, only
314 grammes of conglutin were recovered. According to Mack [1903,
1904] the seeds of the yellow lupine contain an enzyme which at
neutral or acid reaction attacks the protein, and it is probable that the
large loss of conglutin was due to the action of this enzyme.

As the formation of proteose would almost certainly accompany the
formation of diffusable products which do not give protein reactions,
the proteoses found in the extracts cannot be considered to be original
constituents of the seeds until more convincing evidence is obtained
than any as yet given.

On the other hand, such preparations of proteoses from seeds as
were used by Wells and Osborne [1915] were found to be highly
anaphylactogenic, in marked contrast to proteoses produced by en-
zymatic hydrolysis. This observation is difficult to reconcile with the
view that the proteoses found in the extracts of seeds are the product
of the action of the enzymes on the other protein constituents of the
seed.

(&) Peptones.

The facts which lead to the uncertainties respecting the pre-existence
of proteoses in seeds apply also to the peptones. The most elaborate
investigation of this subject has been made by Mack [1g04], whe ob-
tained peptone from lupine-seeds under conditions which he thought
entirely excluded its formation 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 have been obtained by Chittenden [1894],
Chittenden and Hartwell [1890, 189 1], Chittenden and Mendel [1894],
Chittenden and Smith [1890], and many others.

() Peptides.,

Only two well-characterised peptides have thus far been obtained
from seed proteins. The first of these was a dipeptide of proline and
phenylalanine, which Osborne and Clapp [1907, 2] isolated from the
decomposition products of gliadin which had been hydrolysed by boil-
ing with 25 per cent. sulphuric acid for many hours. This peptide was
obtained in beautiful mother-of-pearl crystals of definite form, and
yielded a copper salt, the crystals of which were so large and well
formed 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 and phenylalanine in molecular
proportions. The identity of this peptide with a synthetic l-propyl-
I-phenylalanine has been established by Fischer and Luniak.!

Fischer and Abderhalden [1907] obtained l-leucyl-d-glutaminic acid
from gliadin by partial hydrolysis at the room temperature with 70 per
cent. sulphuric acid for sixteen hours and then for three days in an
incubator. This peptide agreed in properties with the synthetic
product,

' Fischer, E., and A. Luniak. Synthese von Polypeptiden : XXXII. Derivaledes I-Prolins
und des Phenyl-alanins,  Ber., 1909, 42, 4752-4750.



CHAPTER V.
THE RELATION OF PROTEINS TO ACIDS AND BASES.
By L. J. HENDERSON, PH.D., Sc.D.

IN their relations with acids and bases, proteins behave as if there
were present in the molecule a considerable number of acid 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 with acid, and the acid radicals
must be completely free. On the other hand, in sufficiently alkaline
solutions the acid radicles must be completely combined with bases,
and the basic radicals must be completely free.

Accordingly, it is apparent that there must be a reaction, or a zone,
between the state of complete combination with acid and that of
complete combination with base, in which there is no combination
either with acid or with base, or else in which such combination is a
minimum. In particular, there must be a point at which the ionisation
of the protein through its acid radicals and that through its basic
radicals 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 of proteins [Cohn, 1922] it is probably the
undissociated molecule which chiefly determines solubility, the ions
being relatively soluble substances.

The isoelectric point or zone may fall at an acid, neutral, or alkaline
reaction, according to the relative number and strength of the acid and
basic groups of the molecule. Thus, if the acid groups be numerous
and strong, and the basic groups less numerous and weak, it is evident
that the isoelectric state must occur at an acid reaction. Moreover, in
case both acid and basic radicals are all weak, there will be a wide zone
of reaction throughout which the protein will be very slightly combined.

with either acid or base, and within which, as a first approximation, it
36
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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 the
truth. On the other hand, in case certain acid and basic radicals are
both of somewhat greater strength, the zone within which there is little
or no combination with acid and base may become narrow, or may
vanish entirely, so that even at the isoelectric point the protein may be
present, in some degree, both as a salt of acid and as a salt of base.
Under these circumstances, the isoelectric point will be characterised
by the presence both of free protein and of salts of the protein with
both acids and bases, but these salts must be ionised to the same
extent.

There is much evidence that the relations of proteins to acids and
bases may be interpreted in terms of the above hypothesis. We may
therefore now turn to quantitative considerations. These lead theoreti-
cally to a discussion of acid-base equilibrium in the presence of large
numbers of acid and basic radicals; experimentally they lead to the
investigation of titration curves.

In the solution of a weak monobasic acid, which is partly neutralised
with base, the mass law implies the equation

[IE] e concentration of free acid
concentration of salt

where £, the apparent ionisation constant, is slightly greater than the
true ionisation constant of the acid. This is an approximation which
has proved to possess a rather high degree of accuracy.! Now, let ¢
represent the total concentration of free acid plus combined acid, and
x the concentration of combined acid, that is to say, of salt.

Then

+
[H] = £.67
&£
or
&
SAOR
BT [[f]

This law also holds in many cases for each acid in solutions contain-
ing more than one acid. Let the total concentration of each of several
acids be equal (as they must be if they are radicals of a protein
molecule), and, as above, designate their concentration by ¢, let

' Henderson, L. |. Das Gleichgewichi zwischen Basen nund Sinren im tievischen
Organismus. Ergebn, Physiol., 1gog, 8, 254-325.
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ay, 4, %, . . . represent the concentration of base combined with them,
and &, &, &5, . . . their respective apparent ionisation constants.’
Then the relations hold
&
_I'I == +_
[H]
I i g
&
ST
I + E',
&
X, = =
[H]
I + %, etc

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

o R T

Bt

& A [
e +

+ + +
I+[.éﬂ I+£?—:] I+'-[~iﬂ

of Zxr =

Let ¢ = 1 and assume that there are just three acid radicals in

question andthat®, = 1 x 1075 &, =1 x 107%and k; = 1 x 107%",

Then approximate computation yields the following table :—

TAELE I.

THEORETICAL CaPAaciTY TO Binp Bask,

+

[H] 10- ‘N 10=-*N 10-°N 10-"™ ro—*N 10-"N 10-YN 10-UN 10-¥N 10-¥N 10-“N
) = 001 oL g ] 50 Gl 99 Q00 100 1'00 1'00
&g — weae "X "0 "0g 50 gL ‘g9 ‘qgg I'oo 1100
Xy e — = "O00T "OL "o RO QI ‘g9 ‘gg3 100
Ex 0 0O 01 IO il I'50 2°40 290 200 300 300

The case of weak bases may be treated in an exactly analogous
manner. Let y,, ¥s ¥5 . . . represent acid combined with several
weak bases to form salts, &'y, &'y, £, . . . the corresponding ionisation

constants of the bases.

! For a full discussion of such considerations compare Henderson, Ergebn, Physiol., 1gog,
8, 254-325; Sorensen, ibid., 1912, 12, 495 ; and Michaclis, Die Wasserstoffionenkonzentyation,
2nd edition. Berlin, Tgzz,



RELATION OF PROTEINS TO ACIDS AND BASES 139

Then

Sl [?&H]

4.':
R e
[UH}
I + Jf;"
and

=ty t st
xL E}"'=—€_+ ...... E'__"";_'!'
JLEi ke e
] a3

As before, lete¢ = 1. Assume the following values :—
By=1%x 10 ke=Fy=1 x 1070,
‘Then taking account of the fact that, approximately,
% 1o

Bl
[OH]

computation yields the following table :—

TABLE II.
TuroreTicAL Caracity To Bisp Acin,

+
[H] 10-°N 107*N 10-"™N 10N 10-*N 10N 10-?N 10-*N 106-'N 10°N

[OH] 10-5N 10-°N 10-'N 10-%N 10-°N 10~-“N 10-"N 10-“N 10-N 10-MN

i —_ 00T 0L 09 50 gL "G ‘gong  1'00 L oo
T S Ho0s N o 09 50 ‘9t 99 ‘939 100
S = —_ OO T "L "0 ‘50 g 59 "Bu9  I'00
Zy o o 01 e it 1'gI 2B 298 300 300

These two tables may now be brought together by considering
the values of 3x and 3y, 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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PH
[H]
Zr

Zy

Zr — Xy
Zr + Iy

PH
+
[H]
Ex
y

Er = Iy
Zx + Zy

THE VEGETAEBLE PROTEINS

TAEBLE I1IL
o I 2 3 4 5
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3'00
300

Obviously Zx — Xy represents net values of base (positive values
of Zx — Zy) or of acid (negative values of 3x — Zy) in combination

at the designated hydrogen ion concentrations.

These results permit

the construction of a theoretical titration curve (Fig. 1). On this
Se
(=)
o2
E:
[
e
[%%]
2 0
3
r
o
=
T
3
0 i 4 b 8 10 12 14 =pH
e Tlet ettt W lpe el e s

Fia, 1.—Theoretical titration curve.
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curve the dotted lines complete the values of the two separate curves
of Zx and Zy.

It will be seen that the point at which the combination with acid
plus the combination with base (3x + 3y) is a minimum corresponds
at least very closely with the point at which the net amount of salt
formation (Zr — 3) is 0. This point must also be at least very
nearly identical with the so-called isoelectric point, because the salts
must ionise to nearly the same amount. Therefore, the sum of the
positive and negative electrical charges of the molecule will, other
things being equal, be equal.

Extending to either side of this point there is a zone, say from

[ITI] = I x 107N to [lJ-rI] = 1 x 107%N, through which the amount
of salt formation (salts of acid radicals plus salts of basic radicals or
3r + 3y) is of nearly the same magnitude as at the isoelectric point.

The position of the isoelectric point in this hypothetical case is
evidently dependent upon the fact that an acid radical has been
assumed to be present which is stronger than any of the hypothetical
basic radicals. It is also evident that in this case the strongest acid
radical and the strongest basic radical are alone responsible for
determining the position of the isoelectric point. Thus in a simple
amphoteric substance, for which £, = 1 x 10°%and & = 1 x 107,
we find from the formula':—

7 Jm—'* ol
[ = E by = e 10718 = /10~

or, in words, the value of pH for the isoelectric point is 6°5.

Further study of the tables shows that the amount of salt formation
at the isoelectric point may be quite different under other circum-
stances. Thus, if the strongest acid radical and the strongest basic
radical were left out from the above case, there would be little change
in the isoelectric point, but at that point salt formation would be
almost entirely lacking, and the zone of very slight salt formation
would be much wider.

On the other hand, the addition of another acid radical of apparent
jonisation constant # = 1 x 10~7, and another basic radical of ap-
parent ionisation constant &£ = I x 10~" would also leave the iso-
electric point nearly unchanged but would lead to a condition in which
there must always exist, even at the isoelectric point, a considerable

1 Michaelis, L. Die Wasserstoffinenkonzeniration, znd edition. Berlin, Springer, rgz22,
p- 57-
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amount of salt formation. The following table and Fig. 2 illustrate
this case :

TAELE IV.
o I 2 3 4 5 6 7
+
[H] 1o 'N 10-!N 10-?N 10-°N 10-*N 10-N 10-%N 10-7N
Zx — — - - oo "Of IO G
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0* 10 I 10 0 0-e Fﬂ"t !i‘J’“=[H"I

Fia. 2.

No doubt under such conditions the acid and basic radicals of the
protein will react with each other in important amounts. No doubt
also there is a limit to the strength of acid and basic radicals which
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can be present simultaneously in the same molecule. But in the case
of oxyh®moglobin 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 1 x 10=".! Hence
it must also contain at least one moderately strong basic radical.

It is useful to compare the curves of Fig. 1 and Fig. 2, not
forgetting, however, that the second curve is longer because of the
larger number of acid and basic radicals involved. Apart from this
difference, which is a matter of scale, it is easy to see that the second
curve is smoother. This difference is a 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 reveals itself by steepness of the
curve at the hydrogen or hydroxyl ion concentration corresponding
in numerical value to the constant. Thus the sinuosities of a titration
curve are direct indications of the ionisation constants of the radicals
which are being titrated, and a smooth curve is proof of a regular
distribution of the values of these constants throughout the range of
reaction under observation. Needless to say titration curves may be
constructed theoretically which possess, within certain limits, almost
any desired form, and even those that have been determined experi-
mentally vary widely. Their most significant properties are the point
where 3r — Xy = 0, the slope in this neighbourhood, 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 common.

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. Eiol. Chem., 1920, 41, 401-430.
1 Sjoqvist, J. Pliysiofogisch-chemische Beobachtungen fiber Salssanre. Skandin. Arch.

Physiol., 1895, 5, 277-376. (Good bibliography of elder literature. )
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occasionally free acid and basic radicals must occur. During later
years a large amount of evidence has accumulated which fully
establishes the capacity of proteins to form salts with both acids and
bases. There is, in the first place, the information derived from such
observations as those of Osborne on edestin [1901, 2 ; 1902, 2].

Thus, pure edestin, from hemp-seed, when free from combined
acid or alkali, is entirely insoluble in water, but in the presence of a
very little acid, and in the complete absence of salts, it promptly
dissolves to a clear solution. From such a solution the edestin is
readily precipitated by the addition of a small quantity of a neutral
salt, e.g. sodium chloride, and the fact that the edestin has precipitated
in combination with the acid is conclusively shown by the behaviour
of this precipitate. When such a precipitate is washed thoroughly
with dilute alcohol, until all the sodium chloride is removed, and is
then dissolved in water, a definite quantity of potassium hydroxide
is required to render the solution neutral to phenolphthalein. When
thus neutralised, the edestin is completely precipitated, and can be
removed from 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 neutralisation.

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
edestin is approximately equal to the amount in combination with the
soluble edestin of ordinary edestin preparations. This is just double
the amount of acid combined with the insoluble portion of the protein
in such preparations. From these observations of Osborne's the
conclusion is inevitable that acid is being neutralised by the protein in
accordance with ordinary chemical laws and there seems to be no
reason to doubt that definite salts containing acid and protein in true
stoichiometrical ratios are being formed. Equally convincing evidence
of salt formation may be found in the literature of animal proteins.
Among other researches those of L. L. Van Slyke and Bosworth,!
are especially interesting ; they deal with the behaviour of casein.

In the case of tuberin an unpublished investigation of E. ]J. Cohn’s
makes the latter conclusion perhaps even more certain. In this
experiment pure tuberin suspensions were treated with small but
widely varying quantities of sodium hydrate solutions. After
equilibrium had been obtained, the solutions were filtered and their

! Van Slyke, L. L., and A. W. Bosworth, Preparation and Properties of Unsaturated
or Acvd Casesnales and Paracaseinates. ], Biol, Chem,, 1913, 14, 211-225.
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nitrogen content determined. The data, somewhat irregular because
of the difficulty of establishing equilibrium, are given in the following
table and on the accompanying diagram (see next page).

TAELE V.

SoLuBtLITY oF TURERIN,

M. N c.e. N NaOH
100
in 1o c.o. Filtrate. added per 1o c.c. Solution.
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It is evident that, regardless of the amount of base (protein being
present in excess), and therefore, within a certain zone, regardless of
the true reaction of the solutions, there is a very satisfactory constancy
in the ratio of dissolved protein to base. Allowance should be made
for the solution of a little free tuberin. This can only be interpreted,
so far as I am aware, as salt formation in the strictest sense of the
word. It may be added that the same investigator has obtained
strictly analogous results of a high degree of accuracy with casein.

Nevertheless, it may be doubted if the preparation of perfect protein
salts is usually attainable, for there is reason to suspect that the success
recorded above depends upon the careful use of a two-phase system
and upon other favourable conditions. Inspection of Tables 1. and 1.
of this chapter will convince the reader that frequently, and perhaps
nearly always, the neutralisation of an acid or basic radical of a protein
molecule can hardly be completed before that of another begins.

The difficulty may be illustrated by considering the neutralisation
of phosphoric acid. Here there is a narrow range of reaction within
which the first hydrogen is not quite neutralised, though the neutralisa-
tion of the second has already begun. In other words, large amounts
of NaH PO, co-exist with small amounts of both H3PO, and Na,HFO,.
There is also another narrow range within which large amounts of
Na,HPO, co-exist with small amounts of NaH,PO, and of Na,PO,
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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 HyPO,, NaH,PO,, Na,HPO, and Na PO, 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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tion is likely even occasionally to separate a perfect salt, ie a
compound in which every acid and basic radical is either completely
neutralised or else completely free. However, the evidence 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
proteins to acids and bases are purely of a chemical nature be
demanded, it may be found in the extensive researches of Sorensen
and his associates,!

We may, therefore, conclude that the titration curves of proteins
have the significance that was provisionally attributed to them at the
beginning of this chapter. One reservation should, however, be noted.
It is quite possible that in some instances acid and basic radicals of
the protein molecule may be liable to some form of tautomeric modifi-
cation, which is itself dependent upon the reaction of the solution.
And it must also be remembered that the protein molecule is liable
to irreversible changes in highly alkaline and also in highly acid
solutions.

In some respects the chief difficulty in dealing with the titration
curves of the proteins depends upon the size of the molecule and the
consequent large number of different acid and basic radicals involved.
The case is not unlike that of the ultimate analysis of the same sub-
stances. In both instances the presence of large numbers of similar
radicals leads to a kind of statistical uniformity which tends to obscure
individual differences.

Nevertheless, as E. J. Cohn [1922] has pointed out, it is convenient
to distinguish between those proteins whose titration curves are steep
and those whose curves are flat, at the point where combination with
acid equals combination with base, because this distinction corresponds,
at least in numerous instances, with the distinction between albumins
and globulins or between these and less soluble substances. The
probable explanation of this fact has been given above. A flat curve
in this region is proof that there can be very little combination with
either acid or base throughout a considerable zone, and almost none at
all at the isoelectric point. Here the protein exists largely as undis-
sociated molecules. It seems very probable that these may be rather
insoluble substances.

The hypothetical protein represented by Table III. and Fig. 1
above may perhaps correspond to an albumin; but the vegetable pro-
teins which bave been studied, are, in the free state, insoluble bodies
which may better be represented in an excessively simplified form by
the second case considered above, in which the strongest acid group
and the strongest basic group were eliminated. The consideration of
this case has been postponed until this stage in the discussion in order

1Sorensen, S. P. L.  Studies on Profeins. Compt, rend. des travaux du Lab. de Carls-
berg, 1g15-1917, 12, 1-372.
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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 :—

TABLE VI.
o X S e 4 3 6 7
e
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Fig. 4.

There exist more or less complete titration curves for the following
vegetable proteins: glutenin [Henderson and Cohn, 1918], tuberin,!
and edestin [Hitchecock, 1922]. The titration curve of gluten has also
been studied by Henderson, Cohn, Cathcart, Wachmann and Fenn
[1919] These curves are given in Fig. 5.

1Cohn, E. J. Data to be published in ]. Gen. Physiol,
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[t should be noted that experimental results show the amount of
acid or alkali required to bring a protein solution (or suspension) to
a given hydrogen ion concentration. Therefore, in all cases where
the alkalinity or acidity is high, in case the actual combination between
protein and acid or alkali is sought, it is necessary to make a correc-
tion for the amount of free acid or alkali present in the solution. This
may readily be done by repeating the experiment in the absence of
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the protein. This correction has not been applied in Fig. 5, because
considerations bearing on this point are not raised in the present dis-
cussion.! It is for this reason that the curves as drawn do not tend
to become horizontal at their extremities.

On Hitchecock’s curve for edestin a point is indicated which may
be calculated from Osborne's early observations [1901, 2; 1g02, 2]

! For a discussion of this question consult E. L. Tague: A Study of the Determina-
tion of Amino-Acids by Means of the Hydrogen Electrode, ], Amer, Chem. Soc., 1920, 42,
173-184; D. ]. Lloyd, On the Swelling of Gelatin in Hydrochloric Acid and Caustic Soda.
Biochem. ]., 1920, 14, 147-170; and in the case of edestin, Hitcheock.

4
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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 with 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,
and 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 of Colloidal
Behaviour.!

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.

"Loeb, J. Profeins and the Theory of Colloidal Behaviour, pp. xii and 2gz. New
York, McGraw-Hill, 1gzz,



CHAPTER VL
SOLUBILITY OF VEGETABLE PROTEINS.

A, Solubility in Water.

THE aquenus extracts of all the seeds which have been thus far ex.
amined contain protein of several types which have commonly been
described as globulins, albumins and proteoses. In view 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 at its isoelectric
point may be insoluble, it has become impossible to classify 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
been made in very few instances general statements respecting the
nature of the water-soluble protein obtained from seeds cannot be
made.

[t 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 most
cases a complicated mixture of protein salts occurs, a part of which,
like a globulin, can be precipitated by dialysis, while a part remains
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 with 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
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soluble in solutions containing only a few tenths of 1 per cent. The
degree of solubility of many seed globulins depends much on the
temperature of the solution and increases rapidly at about 30°.

Advantage has been taken of this fact to obtain several of the
seed globulins in crystalline form, notably that from the hemp-seed
[Ritthausen, 1881, 1], the squash-seed [Griibler, 1881], and the oat-
kernel [Osborne, 1892, 1]

It is often difficult to determine whether some vegetable proteins
are globulins or not because their solubility depends so much on the
acids and salts which accompany them in the tissues of the plant.
As it is convenient, however, 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, perhaps of all seeds, is saturated
with ammonium sulphate, and the precipitate, which contains the
protein, is dissolved in water, the resulting solution yields on dialysis a
precipitate soluble to a greater or less extent in dilute saline solutions,
but insoluble in water. Some seeds 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 inscluble in water, but soluble in dilute saline solutions.
A larger proportion of acid yields protein salts which may be soluble
in water, but insoluble in 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 protein has usually been regarded as
albumin, i.e. protein soluble in water and coagulable by heat.

Some, if not all, of the seed globulins are salts of the protein, the
anion present depending chiefly on that of the salt used for the
extraction. In the case of edestin from the hempseed, its salts with
various anions, like the free edestin itself, are readily soluble in saline
solutions though little if at all soluble in water. The solubility in salt
solutions is much affected by the amount of acid present; in general
the greater the quantity of acid the stronger the saline solution required
to dissolve the globulin,

Globulins have been found in relatively greater proportion in oil-
seeds than in th se rich in starch. In many of the former, most 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 have been critically studied in
respect to their solubility in solutions of different salts except edestin
from the hemp-seed which Osborne and Harris [1903, 3] investigated.

As edestin is entirely insoluble in water, the solvent effects of the
addition of various quantities of different salts were determined in the
following manner. Portions of 2 grammes each of pure crystallised
edestin were suspended in sufficient water to make a final volume of
20 c.c. with the different quantities of molar solutions of the several
salts which were afterwards added, the edestin being in each case in
excess of the amount dissolved. After agitating for some time, the
solutions were filtered, nitrogen was determined in 10 c.c. of each, and
the amount of edestin dissolved was calculated from the nitrogen in
the whole solution. It was thus found that the solubility of edestin
is closely proportional to the concentration of the salt solution. In
equimolar solutions of sodium, potassium or caesium chlorides its solu-
bility is nearly the same. In those of magnesium, calcium, strontium
or barium chloride its solubility is twice as great as it is in equimolar
solutions of the chlorides of the monovalent bases, with the exception
of lithium chloride, in corresponding solutions of which it does not
dissolve as abundantly as in those of the chlorides of the other
monovalent bases. Dilute solutions of the sulphates of potassium,
sodium, lithium and magnesium have a solvent power similar to that
of corresponding solutions of the chlorides of the divalent bases.

Bromides and iodides do not behave like chlorides, for sodium and
potassium iodides have a solvent power twice as great as that of the
corresponding chlorides, agreeing in this respect with the chlorides of
the divalent bases. The bromides are less energetic solvents than the
iodides, but more energetic than the chlorides. Barium and calcium
bromides are equal to one another in solvent power, which is less than
that of sodium or potassium iodide and greater than that of sodium
or potassium bromide, the two latter being somewhat less powerful
solvents than the corresponding chlorides. Lithium bromide is a much
better solvent than lithium chloride, but less energetic than either
sodium or potassium bromide.

Salts of strong bases with weak acids which are dissociated in solu-
tion with an alkaline reaction have a solvent power approximately pro-
portional to their hydrolytic dissociation. Sodium sulphite and sodium
thiosulphate are alike in their solvent power, both being much better
solvents than the sulphates. Potassium chromate dissolves edestin
more readily than does either the sulphite or the thiosulphate, and is
but little less powerful in its solvent effect than sodium carbonate.
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Salts of weak bases with strong acids, which are hydrolytically 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
solvent 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 sodium 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 as do solutions of a corresponding molecular concen-
tration of potassium, lithium, or magnesium sulphates, 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 different 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 solutions cannot be
made, but if sodium sulphate is added to the saturated solution of
potassium sulphate in such quantity that the solution contains as many
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molecules of the two sulphates as would the corresponding solution of
sodium sulphate alone, the solubility of edestin in the solution of these
mixed sulphates is the same as that in a solution containing only
sodium sulphate.

Attention is called to these observations in the hope that someone
may extend these investigations to other proteins with a view to de-
veloping better methods for extracting proteins from seeds than those
now employed which depend almost entirely on the use of sodium
chloride. The knowledge of the buffer effect of various salts on the
hydrogen ion concentration of the extracts, as well as of the impor-
tance of the isoelectric point of the individual proteins which has been
developed since the experiments above cited wére made, should enable
future investigators to greatly improve our present unsatisfactory
methods of isolating proteins.

C. Solubility in Adds and Alkalis.

It was formerly supposed that many proteins were strongly acid
in their nature and formed relatively stable salts with bases, as milk
casein is now generally considered to do. We, therefore, find many
seed proteins described in the older literature as caseins, and among
these the so-called legumin from peas and beans was long regarded
as a protein of strongly acid character.

Legumin can be extracted from various leguminous seeds by
neutral sodium chloride solution, and solutions of the preparations
obtained by dialysis, like those of edestin, are distinctly acid. This
acidity is probably not caused by the protein itself, but by the 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 type 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
further studied by modern methods it is hopeless to discuss them
further.

D. Solubility in Alcoftol.

The seeds of cereals, with the exception of rice, contain much
prolamin soluble in alcohol of from 7o to 9o 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 strength in all proportions, so that their solutions, under
proper conditions, can be concentrated to thick syrups, from which the
protein separates on further evaporation in the form of a transparent film.
The addition of alcohol to the concentrated alcoholic solution precipi-
tates these proteins when the concentration of the alcohol reaches a
certain degree, which depends on the nature of the dissolved protein,
for none of them is at all soluble in alcohol free from water. On the
other 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 not yet
been determined 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 dissolve gliadin and zein and
possibly also the other alcohol-soluble proteins, although as yet experi-
ments with these have not been made. Zein is readily soluble in
methyl alcohol and in commercial propyl aleohol. Kjeldahl [1892]
has shown that gliadin is soluble in phenol and Mathewson [1906] that
it is soluble in dilute methyl and propyl alcohol, in paracresol, and in
benzyl alcohol, and that from its solution in phenol it is precipitated
by adding ether, acetone, pyridine, benzene or chloroform. Mathewson
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 adding several volumes of aniline, phenylhydrazine or
nitrobenzene, although gliadin is not soluble in these latter substances.
When dissolved in phenol the solution can be heated to 140° without
producing any notable effect on the specific rotation of the dissolved
gliadin,



CHAPTER VIL
PRECIPITATION OF VEGETABLE PROIEINS.

A, Precipttation by Neutral Salls.

SOME of the seed proteins are precipitated by saturating their solution
with sodium chloride or with magnesium sulphate, all of them are
precipitated by saturating with ammonium sulphate or with sodium
sulphate at 33°. Since precipitation between definite limits of con-
centration of ammonium sulphate is a characteristic property of the
individual globulins and albumins, this salt affords one of the best
means yvet employed for separating two or more proteins from one
another when present together in extracts of seeds. Thus by adding
ammonium sulphate gradually to the extract a precipitate forms
which rapidly increases in amount on the further addition 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-
cipitate forms until the concentration in ammonium sulphate is con-
siderably increased. The second precipitate which then forms is a
different protein from the first. These precipitates can then be repre-
cipitated between the limits of concentration thus established and each
protein be obtained in a state of relative purity.

B. Precipitation by Dilution or by Dialysis.

Precipitation by dilution or by dialysis is frequently employed in
isolating many of the seed proteins. From what has been said before
it is evident that the degree of precipitation obtained by this means
depends largely on the reaction of the solution. Most of the pre-
cipitates are protein salts, and usually separate from solutions only at
a suitable hydrogen ion concentration. It is for this reason that
many diluted solutions of proteins yield a precipitate only after
carbonic acid has been passed through them, for the small proportion
of hydrogen ions thus liberated in the solution is sufficient to lead to
the formation of their insoluble salts, That such salts are formed by
the action of carbonic acid has been shown by Osborne [1g01, 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 saturated 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 neutral to phenolphthalein. After the edestin is
removed by filtration the solution in which the neutralisation is effected
contains over 9o per cent. of the added potassium in the form of
chloride, which shows that the precipitate produced by carbonic acid
is edestin chloride, formed in consequence of the slightly acid reaction
imparted to the solution by the carbonic acid. Solutions 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. Precipitation by Acids.

Precipitation by acids may be due either to the acid uniting with
a base, previously combined with the 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. Thus edestin
dissolved in the least possible quantity of hydrochloric acid 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.



CHAFTER VIII
DENATURING OF VEGETABLE PROTEINS.
A, Denaturing by Acids.

PROTEINS are subject to changes whereby their molecules are slightly
altered and their solubility is affected. Our knowledge of the nature
of these changes and the various products which result from the
denaturing influence of the agents which bring them about, is very
limited. [t is commonly stated that the action of acids on proteins
produces “ acid albumin,” which is described as insoluble in water 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 originated, 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 intermediate products
between the native protein and this “acid albumin,” and much con-
fusion still exists in the literature in connection with the action of acids
on proteins. Falk?! has suggested that in the presence of acids a
tautomeric change may occur at the peptide union and 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, 1; 1goI, 1] showed that
small quantities of acids effect profound changes in 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
denaturing effect of acids on proteins they will here be described in
detail.

1 Falk, K. G. A Chemical Study of Ensyme Action. Science, 1918, 47, 423-420.
59
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Crystallised edestin, on solution in the least possible quantity of
hydrochloric acid, yields a solution which is precipitated by the addition
of a little sodium chloride. This precipitate, treated with a strong
solution of sodium chloride, never wholly redissolves. If the part that
does dissolve is recrystallised and the experiment repeated, a part of
the preparation originally soluble in a neutral salt solution again remains
undissolved, and this occurs each time the treatment is repeated. This
insoluble derivative, which cannot be made soluble again in a neutral
salt solution by any known means, is not “acid albumin,” for it is not
soluble in a slight excess of potassium hydroxide solution. Similar
products result from nearly 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 insoluble products,
the writer has proposed that they be called in general proteans, that
that obtained from edestin be called edestan, and that 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 solubility, and there is
little doubt, in view of what we have learned in regard to the formation
of these products from edestin, that they are the result of the action of
a slight quantity of acid present in the solutions from which they were
originally obtained. The following experiments, made with edestin,
give the evidence on which this 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 the results of the experiments were positive, they are
here given in the hope that they may stimulate a further study of this
change in the protein molecule which in the past has seriously inter-
fered with the preparation and purification of many of the vegetable
proteins.

Several 1 gramme portions of neutral edestin, which contained 2-16
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
equal volume of 20 per cent. sodium chloride solution 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.
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PirceEnTacE ofF Epestan Fomrmen BY ComTAcT WITH WATER.

Treated with sodium chioride solution after six hours.
Treated at once

with 10 per cent.
NaCl at 207, Water L COa Pore Water Pure Water | Pure Water
! at 200, at 20, at 307 at so%
2 106 675 432 T'EX ‘ 20700

These figures show that even at 20" the quantity of edestan which
is formed by water alone is twice as great as in the original preparation
and that the quantity is decidedly greater if the water contains carbonic
acid. At 50" about four times as much edestan is formed as at 30°
and nearly eight times as much as at 20°, showing the velocity of the
reaction to be doubled by each increase of 10° in the temperature. In
view of the larger amount of edestan produced by water containing
carbonic acid we should expect to find that the proportion of this
insoluble product would be increased by the addition of small quantities
of strong acid to the solution. This has been found to be the case,
and the following figures give the result of experiments which have
shown this :—

PErcENTAGE OF EpEsTan ForRMED BY AcIDs aT 20

N N N N N
gee — HCL, 14 6.0 oo HCL. 18 c.c. e HNOy. | 10c.c. — HNO;. | 20c.. =5 HNO3
3 20 3 20
hours hours hours hours 24 hours. 24 hours, 24 hours.
gor 1215 | 2080 3355 68°38 75'20 79°02

These figures, compared with those of the preceding table, show
that edestin yields much more edestan in contact with acids than
in contact with water, In the experiment in which 9 c.c. of
centinormal hydrochloric acid were used the proportion of edestan
that formed was very much less than in the experiment containing
14 c.c. of the same acid. In the first experiment the amount of
acid used was less than that with which the edestin can combine to
form a water-soluble compound, and the solution therefore contained
only so much free acid as was produced by hydrolytic dissociation of
the edestin salts. In the experiment with 14 cc. of acid a small
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
was produced.
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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 1 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 :—

Percexrace or Epestad ForMmep py EQuivaLest QUuaNTITIES OF DIFFERENT AcCIDS
UNDER THE SaMiE CONDITIONS.

14 C.C. Ig;%l, 14 C.C. E-"%E?‘. 14 Cic. %&
1g°20 6oz 565

The solution of phosphoric acid contained 0'98 gramme of H PO,
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 formed by hydrochloric acid is
doubtless due to the lesser ionisation of the former acid.

The edestan contained in preparations of edestin, made by the
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 treated 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.

Edestan is a voluminous white powder which swells somewhat in
water, and forms a colourless transparent jelly with very dilute hydro-
chloric acid. In the dry state it is little, if at all, soluble in strong
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
sparingly soluble in water appears to be definite, as the following
experiments show. A quantity of edestan obtained from a preparation
of edestin chloride was suspended in water and dialysed until the



DENATURING OF VEGETABLE PROTEINS 63

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 21°5 and 234 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. From these results we
may conclude that the basic property of this altered product is
greater than that of the original protein, and as this substance
originates so readily and in such large proportions in the presence of
a small amount of free acid, it is evident that experiments which have
been made to determine the acid-combining power of proteins, in
which an excess of acid has been employed, may not necessarily show
the acid-combining power of the unchanged proteins,

The reactions of edestan are similar to those which are considered
to be characteristic of the histone group, but there is manifestly no
connection between this substance and the true histones. The
globin obtained from hamoglobin by the action of dilute acids is
generally designated a histone on the ground of 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
hzmoglobin 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 muscle tissue which
rapidly become insoluble in neutral salt solution during the develop-
ment of acid which occurs in these tissues soon after death.

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.
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Such scattered observations as are on record indicate that the
vegetable proteins are less easily affected by alkalis than are the
animal proteins. Ritthausen's experience in extracting seed proteins
with dilute caustic alkali solutions showed that the precipitates
produced by neutralisation still retained, to a large extent, their
solubility in neutral saline solutions, from which it was clear that
much of the protein thus extracted had not been converted into
““alkali albumin.”

Chittenden and Osborne [1891-g2] found that zein was particularly
resistant to the action of alkali, for even after digesting with 2 per
cent. potassium hydroxide solution at 40° for twenty-four hours, the
zein still retained its original solubility in aleohol and gave no evidence
of the formation of any “alkali albumin.” In this experiment the
possibility, however, is not excluded of the formation from zein
of an “alkali albumin” soluble in aleohol, for it may be that the zein
had suffered a change quite analogous to that which results in the
formation of *alkali albumin " without producing a substance whose
solubility was like that 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 general.

Since proteins readily lose ammonia through the hydrolytic action
of alkalis on the amide group which nearly all proteins supposedly
contain, it is probable that the so-called denaturing of proteins by
alkalis is the result of hydrolysis. Further discussion of this question
will be found in Chapter IX. on the hydrolysis of vegetable proteins.

C. Denaturing by Alcokol.

Alcohol produces a marked denaturing effect on many of the
animal proteins, and the ease with which such changes are effected
differs with the different proteins. Thus, ovalbumin is quickly
converted into a product insoluble in water, but serumalbumin resists
this change for a longer time. Many of the proteins of seeds appear
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 in strong alcohol
the original solution gradually becomes gelatinous and finally is
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converted into a firm jelly which is a combination of the zein with
alcohol similar to that formed by gelatin with water when its hot
solutions are cooled. The formation of this combination depends on
the concentration of the solution in zein and apparently also on other
conditions, the nature of which is not known. Whether an actual
denaturing of the protein here occurs is uncertain, but this appears to
be the case, for it has not yet been found possible, by any of the
numerous means that have been employed, to restore the zein to its
original solubility in alcohol after this change has once taken place.
Such a change has not been observed with any of the other alcohol-
soluble proteins.

D. Denaturing by Metallic Salts.

It is generally recognised that the addition of salts of the heavy
metals to solutions of a protein result in the denaturing of the protein,
It is probable, from experiments which have been made with edestin,
that this denaturing is largely if not wholly due to the fact that such
metallic salts are hydrolytically dissociated with a strong acid reaction
and that, in the presence of the acid thus set free, the protein is rapidly
denatured. Solutions of ferric chloride behave toward edestin in
almost exactly the same manner as pure hydrochloric acid, the edestin
being denatured with the formation of a product soluble in dilute acid
but not precipitated by an excess of ferric chloride. It is probable
that the acid set free by hydrolytic dissociation of the metallic salts
is the chief cause of the difficulty encountered in attempting to prepare
definite salts of the protein with metals.

E. Denaturing by Heat.

it appears to be commonly believed that all proteins having the
properties of globulin are completely coagulated by heating their
slightly acid solutions and that this property is also shared by nearly
all of the other native proteins. In this respect the seed proteins
differ in a marked degree from the animal proteins, for most of them
are very incompletely coagulated by heating their solutions, even to
boiling, and many of them are not coagulated at all under these
conditions. In this connection should be considered the part which
acid plays in the production of a heat coagulum, for it is well known
that alkaline solutions of proteins cannot be coagulated by heat and
that neutral solutions are usually coagulated with difficulty. It is
customary in attempting to separate a protein from its solution by
heat to add a very small quantity of acetic acid. From what we have
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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 causing a change in the solubility of the protein, and
it becomes difficult in such cases to distinguish between the denaturing
effect of the acid and that of the heat. It has, therefore, been the
practice in determining the effect of heat on vegetable proteins to heat
them in solution without the addition of any more acid than that
which has combined with them during the process of isolation.
Osborne and Campbell! have shown that crystallised ovalbumin,
which has an acid reaction toward phenolphthalein similar to that of
the preparations of the seed proteins, is completely coagulated when
its solutions are sufficiently heated. If, however, enough alkali is first
added to make the solution faintly alkaline to phenolphthalein, no
coagulum forms on heating, although the albumin has suffered a
chemical change which is made evident by the precipitate which forms
on cooling the solution and then adding a quantity of acid correspond-
ing to that originally present in the crystalline substance.

The behaviour of edestin solutions toward heat is similar to that
of a large number of other seed globulins, and in this connection the
experiments of Chittenden and Mendel [1894] are of interest, for they
show that the acid combined with the crystallised edestin is insufficient
to effect its complete coagulation, as the part of the edestin which is
not coagulated remains unchanged even after long heating in a boiling
solution. Chittenden and Mendel employed a sodium chloride solu-
tion of edestin which had been obtained by extracting hemp seed with
a solution of this salt at 60°, a process which yields preparations con-
sisting chiefly of the more acid hydrochloride of this protein, which is to
some extent hydrolysed when dissolved. On heating this solution to
boiling, a part of the edestin was coagulated. On removing the coagu-
lum and dialysing the filtrate the edestin was precipitated unchanged, as
shown by its complete crystallisation. When a very little acetic acid
was cautiously added to the filtrate from the coagulum and this again
heated to boiling, a second coagulum resulted at 93°—the same
temperature as that at which the first coagulum began to form. The
coagulation in this case, as in the first, was still incomplete, and the
filtrate from the coagulum required a further addition of acid in order to
give a coagulum on again heating to boiling. From this we might
conclude that, in the complete absence of acid, edestin would
not be affected by simply heating its solution, were it not for the fact

10sborne, T. B., and G. F. Campbell, The Protein Constifnents of Egp-While.
]. Amer. Chem. Soc., 1goo, 22, 422-450.
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that the writer has found that edestin which contains no combined
acid behaves in the same way as the edestin chloride.

Some seed proteins, as, for instance, leucosin obtained from wheat,
are more easily coagulated than the seed globulins, but whether these
can be completely separated from their solution by heating to a few
degrees above the temperature at which a flocculent coagulum is
formed, 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
is difficult to decide, for after heating the solution for some time at
65°, at which temperature it remains clear, a second but smaller
coagulum begins to separate at 73°, which gradually increases in
amount as the temperature is raised to 82°. No more coagulum is
formed even on boiling, Whether this second small coagulum,
formed at the higher temperature, is a residue of leucosin which
remains uncoagulated at the lower temperature or a distinctly different
protein having a higher coagulation point, remains to be determined.

Most seed extracts behave in a similar manner on heating, and in
view of the incomplete coagulation of edestin and other seed proteins
it is a question whether or not the coagula obtained at the several
temperatures are really formed from different protein substances,
The temperature at which a coagulum separates in such solutions
depends much upon the rate of heating, so that when the temperature
is raised rapidly the first coagulum is obtained at a much higher de-
gree than when raised slowly. The presence of sodium chloride in
the aqueous extract of wheat flour has little effect on the temperature
at which the coagulum separates. In respect to its behaviour toward
heat leucosin resembles the animal proteins more closely than do the
globulins, which constitute the greater part of the reserve protein
of most seeds. We have already stated the reasons for believing
leucosin to be chiefly contained in the embryo of the seed, and it is
probable that the physiologically active seed proteins, in this respect
as well as in others, more closely resemble the physiologically active
animal proteins than do the true reserve proteins of the seed.



CHAPTER IX

PRODUCTS OF HYDROLYSIS OF VEGETABLE FROTEINS,

A. Hydrolysis by Acids.

THE amino-acids which have been obtained from vegetable 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 and
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 aleohol, on the other hand, yield these basic amino-acids in remark-
ably small proportion, zein [Osborne and Leavenworth, 191 3] 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 been shown
[Osborne, Leavenworth and Brautlecht, 1908] that this difference 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 arginine. 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
sulphur is converted into sulphide than is the case when cystine itself
is similarly treated. No evidence has yet been obtained to indicate
the nature of this still unidentified sulphur-containing substance. The

proportion of sulphur, and therefore presumably of the cystine-yielding
68
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complex in vegetable proteins, differs greatly. Thus vicilin, from
some of the leguminous seeds, contains only o°1 per cent. of sulphur,
while antiarin [Kotake and Knoop, 1911], from the latex of Antiaris
foxicaria, contains over 70 per cent.

Troensegaard [1921, 1923] has advanced the view that the protein
molecule is for the most part made up of heterocyclic rings which can
be easily split by acids, alkalis or enzymes because a large part of
the oxygen of the protein is present as hydroxyl. Experience has
shown that such hydroxyl causes easy splitting of heterocyclic rings
and he assumes that by means of acids or alkalis 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 opinion further evidence in support of this
theory is required before it can be accepted as a better conception of
the structure of the protein molecule than that of peptide union be-
tween the amino-acids which has been founded on the work of Emil
Fischer.

The experiments of Chittenden [1894)] and his associates have
shown that the proteoses and peptones formed from vegetable proteins
by the action of pepsin hydrochloric acid are similar to those obtained
from animal proteins.

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

Knaffl-Ienz [191 3] 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 reaction 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 [1903] obtained by tryptic digestion of
edestin a resistant product which they believed to contain all of the
proline and phenylalanine and from the products of acid hydrolysis
of gliadin a dipeptide of leucine and glutaminic acid [1907]. Osborne
and Clapp [1907, 2] similarly isolated a dipeptide of proline and
phenylalanine from this latter protein after prolonged hydrolysis with
sulphuric acid.

Whether the vegetable proteins are in general more difficult to
hydrolyse completely than are the animal has not yet been definitely
determined. That combinations difficult to hydrolyse may occur is
shown by the presence of the above-mentioned dipeptide of proline and
phenylalanine, which required several hours’ heating in 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 insoluble
product resembling humin formed, which when further hydrolysed by
boiling with strong hydrochloric acid yielded several amino-acids,
among which glutaminic acid and cystine were conspicuous.

B. Hydrolysis by Alkalis.

In comparison with acids, alkalis have been little used to effect
hydrolytic decomposition of proteins, as some of the amino-acids,
notably arginine, cystine, and tryptophan are thus destroyed. Os-
borne, Leavenworth and Brautlecht [1908] found that continued boiling
with a strong solution of sodium hydroxide yields a quantity of ammonia
corresponding to the sum of the amide nitrogen and one-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 molecule of some
vegetable proteins, the reader is referred to p. 71.

C. Colour Keactions.

From what has been said of the products of protein decomposition
it is evident that the colour reactions of the vegetable proteins are
practically the same as those of the animal proteins. None of 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 is of
especial interest, for this indicates the presence of even minute quan-
tities of any of the members of this group. Preparations of protein
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which do not give this reaction may be regarded as entirely free from
any carbohydrate or from any complex which can yield a carbohydrate
or furfural, as, for instance, glucosides or nucleic acid. The fact that
a large number of the vegetable proteins give absolutely no trace of
colour with Molisch's test, shows 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 organically united with the
protein molecule, or as simply a contamination, cannot yet be definitely
decided. Attempts to isolate glucosamine or any other carbohydrate
from such proteins have, up to the present time, failed, and we have
no good ground to believe that any of the seed proteins actually con-
tain a carbohydrate group notwithstanding statements to the contrary
in the older literature, 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 decomposition products,
and the fact that this has not yet been accomplished is by no means
conclusive evidence of the absence of such substances. Molisch’s
reaction is not given by most of those proteins whose physical properties
favour their purification. Preparations of cucurbitin, edestin, excelsin,
juglansin, corylin, amandin, the flax-seed globulin, and legumin from
the pea or vetch, have been obtained which give no trace whatever of
this reaction. On the other hand, preparations of other proteins,
especially those from the leguminous seeds, frequently give very strong
reactions, but it has been noted that when a number of different pre-
parations of one or the other of these proteins are tested under uniform
conditions the intensity of the reaction varies greatly. In such cases it
is highly probable that this reaction is caused by a small amount of
some contaminating substance which is difficult to separate from the
protein.

D. Nitrozen in Vegetable Proteins.
Partition of Nitrogen in Seed Proleins.

The different forms in which nitrogen occurs in seed proteins have
been extensively studied by Osborne and Harris [1903, 1]. Following
Hausmann’s [1goo] method, slightly modified, they obtained the
results given in the table, p. 72. Several proteins of animal origin
were likewise analysed and are given for comparison.

The most striking feature shown by this table is the wide range in
the amount of basic nitrogen obtained from the different proteins,
namely, from one-third to one-thirtieth of the total nitrogen of the
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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 MNITROGEN IN DIFFERENT PROTRINS,

{ |

| In per cent. of protein. In per cent. of mitrogen.
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Protein. Source. |

Globulin,  cocoanut 1°36 | 606 | Tog2 | o'14 | 1848 | 53 | 328 | 590
| squash-seed | 1°28-| 597 | 11'04 | 0'22 | 1851 74 | 32'3 | 590
Edestin, hemp-seed 38 | sgr | 1oy8 | o'12 | 1B6g | ro'x | 316 | s57°7
Excelsin,  Brazil-nut 148 | 576 | To'Bg | o'17 | B30 80 | 31’5 | 578
Corylin, hazel-nut 2'20 | 575 | 1oBg | 16 | g0 | X6 | 30'%3 | 50°%
Globulin, cotton-seed g2 | 5*rvr | Ir‘or 1804 | 1o'3 | 300 | sgI
castor-bean g6 | 564 | zr*03 | o'r2 | 1875 | r1o°s | jo'r | 5By

Juglansin,  walnut 178 | 541 | ir'50 | 015 | 1884 o4 | 287 | 6z
: : e | 212 | 520 | 1040 | orx8 | T7go | ITB | 2or | sBI
PiEhigu S e {B 265 | 5'13 | 1029 | 0’14 | 1821 | 140 | 282 | 566
Legumin, pea’ | 168 | 5tz | fz'ro | ©'15 | 1804 g3 | 283 | 635
i lentil I6g | 516 | 1o | oxr | 1806 g'3 | 28'5 | 61'3

iz horge-bean 162 | 492 | Tr'4r | o'IT | 1806 g0 | 292 | 632

= vetch I*75 | 517 | rogz | ol | 1802 g'7 | 239 | Boy
Globulin, fax-seed 200 | 4797 | 140 | o2z | 1IB4E | 108 | 258 | ba2¢
Vicilin, !:ea I'70 | 492 | o2z | o2r | IFo5 | Iowo | 288 | Gowo
i entil I'75 | 4°50 | 10077 | ©°13 | I7'24 | zotx | 2606 | 6275

i horse-bean 1’93 | 4'53 | 1035 | 023 | I7o4 | 11'3 | 266 | 6o'7
Vitellin, epg-yolk? 1'29 | 436 | 10'04 | O°59 | 16°28 70 | 2677 | 616
Vignin, COW- 191 | 428 | zoBr | o025 | Ty25 | 11X | 248 | B2

Globulin,  sun-Hower g7 | 4727 | Ir'so | o024 | 1858 | 138 | 230 | Br'g
Conalbumin, t:f:g-“'h.itcl "o | 3°76 | rowg3 | o4z | 16°II Gz | 233 | 678
alm

Amandin, ond 305 | 415 | 1163 | 0'z7 | Igoo | 160 | 218 | 6r'z |
Phageolin, kidney-bean | 1'6g | 362 | Tosh | o°33 | 1620 | Tog | 223 | 652 |
1 adzuki-bean | 174 | 418 | OO | 027 | 1620 | 107 I 258 | 617 |
Glyeinin, so0y-bean b B 305 II"27 | oIz 177458 I12°T | 227D 54*5.‘
Legumelin, lentil o8 | 350 | 1097 | o2 | 160G 67 | z2'5 | 683 |
B horse-bean | ogh | 3'42 | 1T'I0 | 044 | I5%92 6c | 214 | 605 |

o adzuki-bean | 103 | 3'84 | 10’93 | o330 | 1610 6¢ | 239 | 670 |

% sov-bean ! 'td | 308 1 II'44 | 039 | 160G 73 | 101 | 711
Leucosin,  wheat 16 | 3°50 | 11784 | 043 | 16°03 G5 | 200 | 60
Casein, cow's milk 61 | 30 | To'3z | o'zx | 156z | 1o'3 | 224 | BAo
Ovalbumin, egg-white! 34 | 320 | 1068 | o029 | 1551 86 | zo'6 | Bgo
Glutenin,  wheat 3'30 | 205 | 1195 | 019 | T7°4g | 188 | rr'y | 683
Gliadin, ¥ 4'33 | 1’09 | T2'17 | 007 | 1706 | 245 | G2 | 68g
Fy rye 408 | ogr’| 12°56 | oxx | 1766 | 231 | 52 | y0'0
Hordein, barley 401 | 077 | 1220 | ©23 | 1721 | 23'3 | 45 | 709 |
Zein, maize 297 i' 0°4g | IZ'5I | o'1h | 1fi'1y | 154 i 30 | 778 |
| , : , |

! Revised figures, given in view of later unpublished determinations.

Comparison of the Nitrogen Precipitated by Phosphotungstic Acid with
that in the Basic Amino-Acids.

We are able to form some judgment in regard to the accuracy of
the fizures given for the nitrogen precipitated by phosphotungstic acid,
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since the only strongly basic amino-acids yielded by proteins are
arginine, histidine and lysine, and these are, therefore, precipitated
from a dilute solution by phosphotungstic acid. The nitrogen thus
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
to some 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 from the following table :—
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Globulin, squash-seed | P O R | 1'gg | 560 | 5°99 | — 030 g5°00
Excelsin, Para-nut . ; .| 2780 | 14’20 | 1°64 | 5'57 | 56 | — O'Ig gb70
Edestin, hemp-seed . ] .| 219 | tgrry | 1765 | 5745 | 5700 | — 043 gz'70
Globulin, cotton-seed . .| 346 | 13'51 | 2708 |, 509 | 571 | — ooz ggis
Globulin, castor-bean . .| 274 | 13’19 | I'54 | 5'29 | 504 | = 035 | pg3'Bo
Amandin, almond . : «| T8y | 1216 | o2 | 4°56 | 4715 | 4+ 0741 | 1o0ggo
Legumin, pea . . g «| 160 | 1273 | 408 | 520 | 5°1I | + 00§ | 1OI'5D
chumm, vetch : .| 294 | TT06 | 3770 | 507 | 5717 | = 9'IQ g8y
Conglutin-a, yvellow ]upme .| 251 | T0'93 | 2274 | 4777 | 5°16 | — 0°39 0250
Vicilin, pea . : i .| z2x7 | Bgr | 540 ' 450 | 402 | — 042 gi-4h
Glycinin, soy-bean . . | 210 | 769 | 339 | 3'59 | 395 | — 036 QoTgo
"u’m:llm, hcn 5 egg—-}r:}]k : .| I'go 740 | 4781 1 382 | 4736 | — 054 | i Bl
Vignin, cow-pea : .| 308| 720 43r | 308 | 428 | — 030 og2'go
Glutelin, maize : . .| 300 | 706|293 |363|3'52|+011| 10310
Dvalhumin, hen's egg . | IT | 479 | 3770 | 290 | 320 | — 0°44 80 25
Leucosin, wheat ; : | =83 | 594 l 275 | 325 | 350 | — 025 gz-Hy
Conalbumin, hen's egg . .| 217 | 507|643 | 345 | 416 | - o'71 B3 00
Legumelin,pea . . .| 227 545303 |295]|345| —050| 8550
Legumelin, soy-bean 5 «| 204 | 535|409 | 321 | 308 | 0013 | 104722
Phaseolin, kidney-bean . . zhe | 487 | 458 | 315 3702 | = oy B0
Glutenin, wheat A : .| 196 | 472 | 1092 | 2'37 | 205 | + o032 11560
Casein, cow's milk . . .|=2461 339 | 505 | 2'g9 | 349 | — 0’50 | 8570
(iliadin, wheat . : - .| o058 | 316 (o063 | 149 | 109 | 4 040 | 136'00
Gliadin, rye . : : .lo30 | 222 |oco?| o83 | o'go | — 0r07| go'20
Hordein, barley ; : .| 128 | 216 | 00o?| 1705 | 0'77 | + 028 | 136740
Zein, maize . . « «|oBz| 155 |oco | oy2 | 0g9 | + 016 | 14690
I

Sixteen of the twenty-six proteins given in this table contain an
amount of bases in which the nitrogen does not fall below go 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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phosphotungstates of the bases are somewhat soluble, and, therefore,
when the amount of base is small the nitrogen precipitated by this
acid is less than that actually contained in them. On the other hand,
the bulky precipitate of the phosphotungstates, which is obtained when
the amount of base is large, carries with it some of the mono-amino-
acids, thereby compensating the error caused by solubility. The six
remaining proteins yield a quantity of bases containing an amount of
nitrogen less than that precipitated by phosphotungstic acid by a little
more than 10 per cent. of the latter. 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
difference may possibly be due to an incomplete hydrolysis even after
this longer time of boiling.

It is evident from the figures given in the table that in most
cases the agreement between the nitrogen in arginine, histidine and
lysine and that precipitated by phosphotungstic acid is so close that
Hausmann's method can be employed for controlling the results of
determinations of the bases by the method of Kossel, Kutscher
and Patten [1900, 1903]; for where a wide difference between the
nitrogen obtained by these two methods is found the accuracy of
the direct determination of the bases should be established by careful
repetition.

The accuracy of the determinations of the individual bases, that is,
the completeness with which they can be separated from one another,
as well as from other substances, is shown by the evident purity of the
products obtained in the course of analysis. 'The arginine copper
nitrate double salt separates completely from its solution on slow
evaporation, leaving no trace of any other substance in the final liquid.
The histidine solutions readily 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 further established by analysis of the product in
the form in which it is actually weighed. The agreement between
duplicate determinations of the several bases made on one and the
same protein is further evidence of their accuracy.

In regard to the constancy of the determination of the ammonia
nitrogen the following results serve to illustrate how closely repeated
determinations by different analysts using different preparations may
be expected to agree. (CL Osborne, Leavenworth, and Brautlecht
[1908])
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NITROGEN AS AMMONIA IN PER CENT. OF THE PROTEIN.

Gliadin . i L et : . 47402 4°44° 4735, 4730, 4°33, 4°33, 4°30.
Hordein . - : ' ; . 4102 401!

Zein ; : . : ; . 20, 2797}

Edestin . £ i p i . 1'83,% 1'86, 1-88,! 1-93," 186, 1°81, 1°80, 1°87.
Globulin, squash-seed . : iyl

Glycinin . . - . : . 214321t

Vignin . b : : ; . r'Bp, 7°86, Tpr,! 1'Ba,

Globulin, cotton-seed ‘ - . I'D4, I'9H, 1793,

Legumin, pea . . : . . 163, 681

Vicilin, pea . : : : . 164, 2°78, 1-60.!

Vitellin, hen's egg yoke . : . I'24, 1'29, T-28,* 1-24.!

Conalbumin, hen's egg . : ol EATL. LS

! Figures given in preceding table.
2 Distilled in vacuo at 40°.

Is the Nitrogen Yielded as Ammonia Amide Nitrogen?

As the amino-acids which result from protein hydrolysis yield
scarcely more than traces of ammonia by long boiling with strong
hydrochloric acid, practically all of the ammonia must arise from some
other form of binding of the nitrogen in the protein molecule. That
this nitrogen may be in amide union seems probable from the follow-
ing experiments in which five portions of gliadin, each weighing 1
gramme, were dissolved in 50 c.c. of 20 per cent. hydrochloric acid,
and the solutions boiled for the times indicated in the following
table :—

Boiled for 30 min., nitrogen as NH; = 4-30 per cent.
Boiled for 1 hour, nitrogen as NH, = 4°35 per cent,
Boiied for 2 hours, nitrogen as NH, = 4°33 per cenl.
Beiled for 3 hours, nitrogen as NHy = 4°33 per cent.
Boiled for 4 hours, nitrogen as NHy = 433 per cent.
Boiled for 6 hours, nitregen as NH; = 4°40 per cent.

{0 1

When treated with strong hydrochloric acid at 20° for two hours,
only 0-22 per cent. of nitrogen as ammonia was obtained, while after
seventeen hours at the same temperature 167 per cent. was found.
Under similar conditions after seventeen hours at 20° asparagine yielded
14 per cent. of nitrogen as ammonia, and one-half of its nitrogen
after boiling for thirty minutes.

These results were later confirmed by Thierfelder and von Cramm
[1919] who further showed that synthetic amides of dipeptides yielded
ammonia in the same way as did gliadin under similar conditions of
hydrolysis,

Further evidence that the ammonia results from the hydrolysis of
amide groups, CON H,, with the formation of a corresponding amount
of carboxyl groups, COOH, was obtained by Osborne and Nolan [1920]
who found that the acidity of the products of hydrolysis of gliadin was
increased 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 the dibasic
amino-acids.

Ratio of Ammonia to Glutaminic and Aspartic Acids.

The 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 NH, group of one amino-acid with
the carboxyl group of another; thus

CH,—CH—COOH
NH NH,
Ik
CO—CH—CH,—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 :—

CH,—CH—COOH
|
NH NH,
éﬂ—éH—CH,—C{)NH,

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
vielded by hydrolysis with acids agreed so closely with that required
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
NH, group. Later determinations made by Foreman! of glutaminic
acid in casein have shown that this protein yields a larger proportion
of this amino-acid than had been previcusly obtained and the still later
discovery of Dakin * that casein also yields a notable quantity of oxy-
glutaminic acid has made it improbable that this relationship to the

! Foreman, F. W. A New Method for Preparing Esters of Amino-Acids : Composition
of Caseinogen. Biochem, ]., 1919, 13, 378-397.
* Dakin, H. D.  On Amino-Acids. Biochem. J., 1918, 12, 290-317,
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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 sufficient
to afford the carboxyl groups needed for such a combination without
taking into consideration any oxyglutaminic acid which these may also
yield. In the case of such vegetable proteins as gliadin or hordein,
which yield nearly 50 per cent. of glutaminic and aspartic acids, it
is difficult to imagine that a relatively large proportion of carboxyl
groups are not united with nitrogen as in amides.

Bergell and Feigl! have suggested that the dibasic acids may be
present as a diamide R—CO—NH—CO—R which they have shown
to be stable in acid solutions but to yield ammonia on boiling with
alkalis. Since the excess of ammonia yielded by distilling proteins
with alkali over that yielded by boiling with acids is so nearly equal
to one-half of their arginine nitrogen we have as yet no reason to
believe that any of them contain a diamide grouping.

Andersen and Roed-Miiller? have suggested the possibility that a
part of the nitrogen may exist in the uramino binding

R

E!H—NH—CD—N H,

éﬂ'ﬂl‘l
They base this theory on an observation by Lippich * that proteins
yield more carbon dioxide on alkaline hydrolysis than on acid
hydrolysis; the difference being greater than can be accounted for by
the amount of arginine contained in them. They show that there is
no evidence contrary to this theory of uramino acid bindings in a
protein but admit that the only satisfactory proof that such actually
exists would be the isolation of substances containing such linkages.
This has not yet been accomplished.

Nitrogen Converted into Ammonia by Alkaline Hydrolysis.

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

1 Bergell, P., and Feigl. . Ueber nane Verbindungen von Aminosavren und Ammoniak,
L. Mitteilung. Zeit. Physiol. Chem., 1903, 54, 258-287.

2 Andersen, A. C., and Roed-Miller, R.  Zur Kenntnis der Eiweisskorper : IT. Uber die
Bindung des Ammoniaks in den Eiweisskorpern, Biochem. Leit., 1915, 70, 442-463.

I Lippich, F. Uber analytische Anwendungen der Uramidosdurereakiion.  Zeit,
physiol. Chem., 1914, 90, 124-144.
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to Onslow! tryptophan is comparatively stable in hot baryta solution
when in the presence of other products of protein hydrolysis but is
easily decomposed when alone. In boiling 10 per cent. solutions of
sodium hydroxide to which some copper sulphate was added Herzfeld
[1913, 1] states that tryptophan is largely decomposed.

Experiments by Osborne, Leavenworth and Brautlecht [1908]
show how some vegetable proteins behave when subjected to alkaline
hydrolysis. One gramme, air dry, of each of the proteins given in
the table below was distilled with 300 c.c. of decinormal sodium
hydroxide solution, and when 200 c.c. had distilled over, the distillate
was titrated. The residual solution was then made up to 300 cc.
with decinormal sodium hydroxide solution and the distillation
repeated. The solution was then again made up to 300 c.c. with
water and again distilled, the process being repeated until practically
no more ammonia came over. The results obtained are given in the
following table :—

Gliadin, Legumis, Vieilin, Excelsin, |
WS Wheat, ped, : zg-t-.a. Para-nut,
Distillation. o198 Enm. o'igmg gm. ogdhy gFm. O'go2y Em,
Megr. M. Megr. M. Mgr. N. | Mgr. M.
- d=is
T 5 : - - : 2772 154 | 176 | 178 | 15y T1g
Gy AT Tk S 12'0 44 | 58 | 36 | 52 45
o 15 22 28 2-2 3'0 3
4 - 26 i3 ' 16 i 24
g 0y 18 16 I°2 16 Ty
i 5 : — 10 o 10 a8 '8 I
-, : e £'3 & 1°0 I'o 1'6
8 . i : 2 f _— 10 o o8 10 16
g . . - . - oh o8B 04 o 6
o . . . — o5 o4 0y o4 '
1L . - 14 I'o 1°2 o8 16
Iz — o8 ol o2 g o8
I3 . — oh '8 - — | 074
I4 - — oz 04 _— — o'y
15 = = | = = || =] oo
Total 438|333 |362 |3t (314 | 35
Per cent. of dry and ash-free I
protein A - ; z 470 37 4°04 330 | 339 372
Amide N : ; : : 4730 1'6g | — 0| — 148
% Arginine N . ; s s (S EE | Tz — 2+25
Sum ¢ . 3 - 4781 I 357 — 12| — 373 :
| |

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

' Onslow, H.  On the Stability of Tryptophan in Baryia Hydvolysis. Biochem. iz
1921, I8, 383-301.
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very much arginine nitrogen, both gave results in close agreement
with the calculation, while legumin and vicilin yielded slightly more
nitrogen by alkaline hydrolysis than that calculated.

Most of the nitrogen came over in the first two distillations,
corresponding to the ease with which amide nitrogen is converted
into ammonia by caustic alkalis. The nitrogen subsequently coming
off as ammonia was evolved slowly in much the same way as irom
arginine, although a little more quickly. The close agreement
between the results thus obtained and those calculated shows that
these proteins contain little nitrogen which can be thus converted into
ammonia except the amide and one half the arginine nitrogen.

E. The Rate of Hydrolysis of Proteins.

The only comprehensive study of the rate of hydrolysis of plant
proteins by means of enzymes is that of Frankel [1916], while the
rate of hydrolysis of wheat gliadin by means of acids and alkalis has
been studied by Vickery [1922]

Frankel subjected pure preparations of edestin, amandin, conglutin,
legumelin, phaseolin and the globulins from cotton seed, soy-bean,
and squash seed, to the successive action of pepsin, trypsin and of
erepsin. Phaseolin, conglutin and edestin were also treated directly
with alkaline trypsin, followed by erepsin, and with acid pepsin
followed by alkaline erepsin. The results of his studies are shown
by Figs. 6 and 7, in which the extent of the hydrolysis is expressed as
the ratio of the amount of amino nitrogen found at successive periods
to the amount found when a sample of the protein was hydrolysed
with 20 per cent. hydrochloric acid for twenty-four hours. Pepsin
hydrolysed from 9 to 11 per cent. of the peptide bonds during the
first three hours. The rate of hydrolysis subsequently became much
slower, reaching 15 to 20 per cent. in 100 hours; during subsequent
periods of 300 hours the maximum attained was only 21 to 24 per
cent.

Trypsin likewise effected a very rapid hydrolysis during the first
few hours but the rate diminished rapidly when approximately 60 per
cent. of the bonds were broken. Prolonged digestion with this
enzyme acting upon a substrate previously digested with pepsin only
effected hydrolysis of approximately 70 per cent. of the peptide bonds.
Trypsin acting directly upon alkaline solutions of native proteins
hydrolysed from 30 to 40 per cent. of the peptide bonds within twelve
hours (Fig. 8 and 9) but only effected hydrolysis of from 50 to 60 per
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cent. during the longest periods studied even when fresh enzyme
solution was added to the digest.

(]

Percenr of Tors! Amino it

Fig. 7.

(Reproduced by kind permission from J. Biol. Chem., 1916, 26, 50.)
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lirepsin acting on substrates previously digested with pepsin and
trypsin brought the hydrolysis up to 85 to go per cent. of completion.
The rate of hydrolysis under these conditions was relatively slow
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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 not quite the same level as that
obtained 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
6
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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 0027 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
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(Reproduced by kind permis.a'ljll{;;ﬁ:‘_'[. Biol. Chem., 1922, 53, 508.)
carijoxyl 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. 10. It seems highly
probable in view of the experience of Van Slyke [1912] and of
Gortner and Holm! that a small proportion of the ammonia obtained
on prolonged acid hydrolysis of proteins has its origin in deamination.
Vickery found 250 per cent. of the nitrogen of gliadin as ammonia
when the protein was boiled forty hours with 05 N hydrochloric acid
and 256 per cent. when boiled for the same time with 20 per cent.

1 Gortner, B. A., and G. E. Holm, The Ejfect of Prolonged Acid Hydrolysis nupon the

Nitrogen Distribution of Fibrin with Especial Reference fo the Ammonia Fraction. ]. Amer,
Chem. Soc., 1917, 39, 2736-2745.
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hydrochloric acid. This effect probably furnishes an explanation of
the fact that all the curves of Fig. 6 do not reach the same maximum
within the limits of the diagram, as well as the discrepancy just noted.

The results obtained when gliadin is boiled with o'z N sodium
hydroxide [curve A, Fig. 11] show three distinct phases of the
reaction. 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 free. 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 o'z N barium hydroxide effects hydrolysis of amide
nitrogen more rapidly than does 02 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

E #*
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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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prolonged boiling is necessary to effect complete hydrolysis. With
20 per cent. acid, however, Fig. 12 shows that hydrolysis is practically
complete 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 subsequently becomes approximately the same. A
surprising feature of the curves shown in Fig. 13 is that barium
hydroxide hydrolyses the peptide union ata much more rapid rate than
does sodium hydroxide of equivalent concentration. No explanation
of this observation is at present forthcoming.

F. The Undetermined Nitrogen of Protein Hydrolysis.

The nitrogen of the protein, other than the amide and the basic
nitrogen, largely exists, so far as is now known, in the form of peptides
of g-amino-acids. It is not probable that all of the decomposition
products of the proteins are yet known, for attempts to determine the
amount of each of the known substances has in no case given a result
which did not fall far short of the total of the protein. A considerable
part of this deficit is doubtless made up of the known substances that are
determined, for losses necessarily occur in the processes of isolating and
separating them [cf. Osborne and Heyl, 1908, 1; Osborne and Jones,
1910, 2]. This loss, however, probably does not account for all of the
unknown residue, even assuming the presence of oxyglutaminic acid
recently discovered by Dakin. If itis assumed that the amino-acids that
are found in a well-conducted analysis of the decomposition products of a
protein are united in the molecule with the elimination of water, and
that the dibasic acids are united to an amide group which replaces one
hydroxyl, and the sum of the percentages of these radicals is subtracted
from 100, the percentages of the unknown residue can be approximately
estimated. If the nitrogen unaccounted for in the same analysis is
calculated as per cent. of this unknown residue, it is found that in the
case of gliadin this unknown part contains 13°3, in excelsin 140, and
in legumin 14°3 per cent. of nitrogen. Among the known mono-
amino-acids vielded by proteins this percentage of nitrogen is equalled
only by glycocoll, alanine, tryptophan, and serine, even if the calculation
is made for the radicals in polypeptide union, that is, after subtracting
one molecule of water from their molecular weights. In making this
calculation no account is taken of the fact that the amount of the
amino-acids isolated in a condition fit for weighing is distinctly less
than the quantities actually yielded by hydrolysis. As this loss falls
mostly 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 '].

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 0’1 per cent. of sulphur. The
sulphur content of various preparations of vicilin, which were obtained
by Osborne and Campbell [1898 1, 2, 3, 4], by fractional precipitation,
fell between oz and o°1 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 boiling 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 ihve Besichungen sur Biologie. Sitzungsber.
der kiniglich preussischen Akademie der Wissenschaften, 1907, 35-56.
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alkali, and that, unless special care is taken, the proportion obtained
is but little more than one-half. Therefore, unless the proportion of
sulphide sulphur is decidedly less than that yielded by cystine, the fact
that only a part of the protein sulphur can be converted into sulphide
is not necessarily evidence of the existence of two forms of sulphur in
the protein molecule.

Determinations of the total sulphur in a number of vegetable pro-
teins have led to constant results, so there is no doubt that these
proteins contained definite quantities of sulphur. Determinations, by
Schulz’ method, of the sulphur of different seed proteins, converted
into sulphide by heating with caustic soda, likewise yielded uniform
results which are given in the following table, together with similar
results obtained with some animal proteins which are introduced for
comparison ;—

Ratio oF SvieeipeE SurpHur To ToTaL SULPHUR.

e —

Taotal | Sulphide Per cent. of total

Sulphur. Sulphur. Sulphur as Sulphide.
Seralbumin = R 1-g3ot 12801 66,
Oxyhemoglobin, dog . ; 3 f 0'568% 0335 59
Serglobulin, horse . ; - 4 1’1ot oB3o! 57
Gliadin i . " 2 : . 1°0Z7 o610 |
, i . I. 0" | o262 66
| Conglutin, blueiupme{nr 7 . o-ggg | Bratg 66 i
i . ; { s i o530 0" 344 65
| Conglutin, yellow lupiney IL . 3 0054 o558 58
].III, : - B i} o88g | 4./
Oxzyhemoglobin, horse ; = . o380 o'gol | 50 )
Vignin . : - : - . o420 0°214 50
Amandin . ; : ; . . 0429 | 0217 50
Globin : : ; ; : ; o'420! | 0200 48 :
Glycinin . . : ; 3 il 0'710 | o320 46 & |
Vicilin . : . : : . |l 0200 002 46
Legumin . ; : ; : = o385 o 165 4T
Edestin e P | o880 0346 40
Zein . . - : ; : i o-fGoo 0212 | 35
Dvovitellin ; : : : - | 1-oz8 o 345 I 34
Fibrin : : i ; s r'100" o380 " 34 H
TERRMRII .. A€ s 5t | i o B H L B 1'086 0350 ' 32
| Ovalbumin : . : - ; r61h (VT 30
Phageolin : : . ; . o3I (Ve . z3 }
B L A o R oo™ ? 0 T0T | 13 }

P S | | |
1 Schulz, F. N.  Die Bindungsweise des Schuwefels im Eiweiss. Zeit. physiol, Chem.,
1898, 25, 16-35.

"-‘E!I_'[.':1.|:|1J'£;:r..,I A. Beitriige sur Kenntniss des Bluifarbstoffes. Zeit, physiol. Chem., 13g0,
14, 28g-296.

3 Hammarsten, 0. Usber das Fibrinogen. Pflger's Archiv, 8o, 22, 431-502,

4 Zinoffsky, O. Usber die Grisse des Himoglobinmolecitls.  Zeit. physiol. Chem.,
1386, 10, 16-34.

5 Kriiger, A. Usber den Schuwefel der Eiweissstoffe. Phiger's Archiv, 1888, 43,
244-204.

& Chittenden, R. H., and H. M. Painter. Casein and its Primary Cleavage Products.
::Ltg:lies from the Laboratory of Physiological Chemistry of Yale University, 1855-15886, 2,
156-109.

7 Hammarsten, 0. Zur Frage, ob das Casein ein einheitlicher Stoff sei.  Zeit. physiol.
Chem., t88z, 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 quantities so considerable that we are forced to conclude
that many of these proteins contain sulphur in some complex other
than cystine.

—

5 Differance unaccounted for
Total Su]pl:nuhr. ’ Gyzillﬁliul ot i
per cent, of the | ’ Per cent.
Protein. jpes ;E::Lif. K Per cent. of the | of lﬁc
[ Protein. total
[ Sulphur.
Oxyhamoglobin, hors : : o°350 o'285 o'Ioo 26
| Wignin . ; ' ; . o420 , 0°321 o108 24
| Amandin , : : : ; 0424 , o326 0" 103 4
| Globin - . - ! .l 0420 | 0300 o'I20 29
Glycinin . : ; - . | 0'7I0 - o480 0"230 32
Vieilin . 3 : : - 0200 . o138 orobz 3I
{ Legumin . - - . ol o385 | o248 0137 36
Edestin . g 5 d . o880 . 0'5I0 0301 41
Zein : . : : : o oo | or3I8 o2z 47
Vitellin, hen's egg-yolk . : I'ozf | o 53 o500 40
Fibrin - : : - - 1100 0§70 0530 48
Ezxecelzsin . : ; : : 1086 0525 o561 51
Ovalbumin 3 ! ; - 1°616 0737 o879 54
Phaseolin . : - : : 0312 I 0'To8 0" 204 fig
| Cagein - ; - : o800 0 I50 0650 8t |
|

T Eeme e e ———

In connection with sulphur in vegetable proteins, attention should
be called to the unique protein which Kotake and Knoop [1911] found
in the latex of Awtiaris toviearia. This was obtained in crystals
giving all of the colour reactions of proteins, and contained 72 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 obtained from any known protein.



CHAPTER X.

THE PROTEINS OF GREEN PLANTS,

VARIOUS plants contribute large amounts of protein to the ration of
farm animals but practically nothing is known of the chemistry of
these proteins, even their proportion not yet being established. It is
true that the agricultural chemist states the percentages of protein in
green fodders, but his analyses are made by indirect methods founded
on assumptions unsupported by satisfactory evidence. A serious gap
therefore exists in our current knowledge of the chemistry of nutrition
which makes it impossible to apply to the practical problems of feeding
on the farm what has been learned of the nutritive value of the proteins
of seeds as well as of the protein concentrates.

Our present meagre knowledge of the protein constituents of living
plants 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. Extracting dried leaves with water yields solutions
containing only a part of the total nitrogen, and most of this soluble
nitrogen does not belong to protein. Such 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 [1g02] stated the percentage of protein obtained by coagu-
lating the expressed juices of the leaves, 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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[1920] who used spinach leaves, and by Chibnall and Schryver [1921]
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 contents 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. On 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 11 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 o'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 precipitated
by neutralising, nearly 9o 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 colouring
matter is poured into distilled water a colloidal solution results which
does not settle out over nighL but :-1(:;:‘.11‘;11.‘1:'5 at once on add[ng a small
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amount of hydrochloric acid and sodium chloride. The residue after
thus extracting with aqueous hydrochloric acid, ether and alcohol con-
tains 062 per cent. of ash and the ash-free substance 14'6 per cent. of
nitrogen, of which 66 per cent. is converted into ammonia by hydro-
lysing with hydrochloric acid. It also contains 0'83 per cent. of phos-
phorus and 0'95 per cent. of sulphur. When the above moist residue
is suspended in water it settles very slowly and incompletely, but
separates immediately as a coarse flocculent precipitate when dilute
sodium hydroxide solution is carefully added to the isoelectric point.
The clear filtrate from this precipitate contains sodium chloride equal
to the sodium hydroxide added, and equivalent to 3°5 per cent. of
hydrochloric acid in the solids thus treated. Deducting this combined
acid the residue contains nitrogen equal to 15'1 per cent. These
solids, consequently, consist chiefly of protein hydrochloride.

When this is suspended in water at the room temperature none is
dissolved, as shown by the absence of a biuret reaction in the filtered
solution. At temperatures approaching 100°, however, it is converted
into a clear yellow jelly which does 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 protein coagulum, such
as is commonly produced by heating. This settles rapidly, leaving
the solution clear. A little colouring matter is thus removed, 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 colloidal
solution which is very difficult to filter even when highly diluted, and
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 03
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 excess 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 percentage of the total
nitrogen converted into ammonia by complete hydrolysis with acids
is reduced by this treatment only from 66 to 5'g 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 :—

Protein.  Nitrogen.
per cent. PET CERE,

Ammonia nitrogen . . : : . . owqgh 586
Humin o . - - : ; . o'bo 367
Basie " ‘ ‘ : : - S 2208
Non-basie ,, : 3 g ; ! . II'Dg 6749
Total nitrogen : : : ; . 1636 10000
Protein.
per cent. T cent.
Tyrosine . d 1 ; . 37IQ
Histidine . . . ., . 2'56 (containing N = 0'6g)
Arginine i . : . o eyl W w = 2°20)
Lysine . 3 : : 3 . 3340 i v = 04)
Total nitrogen i : : : ; 2 o 3z

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 combined with a coloured complex and conse-
quently belonging to the group of conjugated proteins.

The filtrate from the colloid precipitate contains much nitrogen
but very little protein, probably less than 1 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. Neither 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 the above extractions with
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water and alcohol contains more than half of the nitrogen of the
plant.

About 14 per cent. of this residual nitrogen can be extracted by
dilute aqueous solutions of sodium hydroxide at room temperature, but
only a part of this separates on acidifying. This preci pitate contains
both protein and pentosans. By boiling the plant residue with 60
per cent. alcohol containing 0°3 per cent. sodium hydroxide most of
the remaining nitrogen can be extracted, leaving a residue of plant fibre
equal to 32 per cent. of the original dry solids of the alfalfa but
containing only 56 per cent. of its nitrogen. '

The cautious addition of acid to the alkaline alcohol extract
precipitates protein containing 60 per cent. of the dissolved nitrogen.
Some, if not all, of the remaining 40 per cent. of the nitrogen may
have been derived from the same protein as that yielding the
precipitate, its solubility being due to hydrolytic changes caused by
the hot alkali.

This protein remaining in the residue after extraction with water
and alcohol behaves much like that found in the colloid which is
precipitated by alcohol from the juices of the plant. That it too may
be combined with the flavone-like pigment is indicated by the liberation
of a relatively large proportion of the latter simultaneously with the
protein when the plant residue is heated with alkaline alcohol.

Whether the colloid precipitate produced by adding alcohol to the
expressed juice of the alfalfa plant is to be considered as a constituent
of the contents of the vacuole and sap or simply as a part of the
protoplasm which has been dispersed in these fluids by grinding in the
mill, cannot be decided from such data as we now have. Evidence
that the latter supposition may prove true is given by experiments
recently made by Chibnall [1923] in the author’s laboratory. Spinach
leaf cells were plasmolysed by means of ether, and pressed out in the
hydraulic press. The pressed residues were then allowed to imbibe
water and subsequently pressed. This operation does not rupture the
leaf cells and yields a brown juice which has a slight Tyndall effect.
On adding about 30 per cent. of alcohol a white precipitate separates
containing 32 per cent. of ash and only 2°4 per cent. of nitrogen, in
contrast with over 10 per cent. found in the colloidal precipitates
derived from either spinach or alfalfa leaves by the method previously
described. After distilling out the alcohol at a low temperature, the
filtrate gives a coagulum on boiling which contains about 14°5 per
cent. of nitrogen equal to about 1-5 per cent. of the total leaf nitrogen.
Presumably 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 149 per cent. of nitrogen and only
1'7 per cent. of ash. The ash-free substance therefore contains 152
per cent. of nitrogen.

Although sufficient data are not yet available 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 yields 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 is too early to generalise concerning the proteins of green plants,
but it would appear from what is now known that relatively very
small 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 XL
THE NUTRITIVE VALUE OF THE VEGETABLE PROTEINS.

THE recognition of the wide differences in the chemical constitution
of the individual proteins obtained from vegetable sources raised the
question of their relative value in nutrition, about which little was
known at the time the first edition of this monograph was written.

All previous attempts to feed isolated proteins in supposedly
adequate artificial mixtures of purified foodstuffs had failed because
these were never eaten in sufficient quantity for more than a short
time. After Osborne and Mendel [1911, 1] discovered that by using
“ protein-free milk ” foods could be made containing one or another
purified protein, on which, for the first time, not only adult rats were
maintained but young ones grew at a normal rate for several weeks, it
became possible to compare the relative nutritive value of different
proteins in a way fairly satisfactory.

These experiments fall into two groups, one dealing with the
individual proteins, fed 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 into two
groups: (a) those designed to show whether the protein in question is
alone adequate for maintenance or growth ; and (4) 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 (@) have definitely proved that
the nutritive value of a protein, or of a mixture of proteins, is deter-
mined by the minimum quantity of any one 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 as qualitative, not quantitative.

Group (#) involves the guantitative relations of the proteins in
nutrition. If the relative nutritive value of different proteins is to be
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established, it is necessary to know how much of each protein is
needed 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 like 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 amino-acid is essential, no decisive experiments
have ever been made, except those with 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 this 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 now know
that gliadin yields nearly one per cent. of lysine, yet when young
animals are fed on an otherwise adequate diet containing 18 per cent.
of 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 more than is needed for maintenance.
Furthermore, when the diets containing 28 per cent. of “ protein-free
milk,” 18 per cent. of zein and 05 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 protein-free milk "’
it is no more 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 45 per cent. of casein, which yields at least 1°5 per
cent. of tryptophan, almost no growth is made until more tryptophan
is added. They then grow very rapidly, thus demonstrating that the
casein furnished very little more tryptophan than is necessary for
maintenance [1914, 1]

The experiments just cited clearly demonstrate that the * protein-
free milk.” even when fed in such large proportion of the food, does
not furnish enough of either tryptophan or lysine to affect the experi-
ments by which a deficiency in these two 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 comparison
than have the results of the old time methods based on nitrogen
equilibrium. The available data will therefore be reviewed in the
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 them an importance which is undeserved.

The proteins, thus far fed, have been obtained from three groups
of plants, namely the cereals, legumes and some other species whose
seeds are rich in oil,

Nearly one-half of the total proteins of the maize kernel is zein
which contains no glycocoll [Osborne and Clapp, 1908, 2], tryptophan
[Osborne and Harris, 1903, 6], lysine [Osborne and Leavenworth,
1913], oxyproline or isoleucine [Dakin, unpublished communication].
Osborne and Mendel [1914, 1; 1916, 1] 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 o-g
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
similar quantity of lysine also was added. Inasmuch as growth 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 the 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 aminon-acids are not essential
for growth, If future experiments made with some concentrated pre-
paration 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 these seeds
is fed in sufficient amount [Osborne and Mendel 1920, 1] 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 [1012, 1] 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.

Besides the prolamins and glutelins each of these seeds of the
cereals contains a small proportion of other proteins concerning the
nutritive 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, 1; 1912, 1]
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 rapidly 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 that the cooked phaseolin was better utilised
by the animal than the raw. Waterman and Johns [1921] later
attributed the improvement in nutritive value after heating this protein
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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 cystine
to the food containing 18 per cent. of cooked phaseolin the diet was
rendered adequate for growth at a normal rate.

Phaseolin contains about 03 per cent. of sulphur, the exact
amount being still a matter of doubt [cf. Osborne, 1902, 3]. Of this
approximately one-fourth, equal to 007 per cent., is converted into
sulphide by heating with alkalis. Casein contains 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 roughly estimated from the
sulphide sulphur, assumed to be equal to two-thirds of the total sulphur
of cystine, phaseolin and casein respectively contain about 04 and 06
per cent. of this amino acid. If the failure of 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 cystine 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 which is not converted into sulphide by heating with alkalis
serves as a source of sulphur as does cystine itself. 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, Phaseolus angularis,
closely resemble those of the kidney bean [Osborne and Campbell,
1897, 5; Osborne and Harris, 1903, 1; Jones, Finks and Gersdorf,
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 beiling [Finks and Johns, 1921].

Conglutin from the seeds of the yellow lupin, Lupinus luteus,
contains about 05 per cent. of sulphur, two-thirds of which, like that
of cystine, is converted into sulphide by heating with alkali [Osborne,

?'I
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1902, 3]} Nevertheless, Osborne and Mendel [1912, 1] 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, 1] that legumin from the garden pea, Pisum
sativum, sufficed for slow growth when fed at an 18 per cent. level, and
that growth was distinctly better after the raw protein had been replaced
by cooked. Legumin from wvetch seeds, Vicia safiva, under similar
conditions of feeding, led to slightly 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 well 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 small proportion in several leguminous seeds
by Osborne and Campbell [18g8, 5], is distinctly different 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 18 per cent. of a preparation obtained 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 [1920] showed that rats fed on a low calorie diet containing
18 per cent. of arachin, the chief protein of the pea-nut, Arackis
kypogea, grew very little during several weeks, even when cystine,
tryptophan, the “leucine fraction” of amino-acids and l-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 extract of ether-extracted wheat



NUTRITIVE VALUE OF VEGETABLE PROTEINS 101

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
suppiied by oil-free pea-nut meal (unpublished). This experience
agrees with that of Daniels and Loughlin [1918].

Osborne and Mendel [1912, 1] showed that normal growth is
made by young rats fed on diets containing *‘ protein-free milk ” and
18 per cent. of edestin, cucurbitin, excelsin or the globulin from the
cotton-seed. Johns, Finks and Paul [1919] found 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 made to compare two or more isolated proteins applies with
even greater force to comparisons respecting the total protein con-
tained in different natural food products. No seed 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 one
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 isolated from a
given seed fails to meet the nutritional needs of a growing animal that
the mixture of protein in the entire seed is inferior. Unfortunately
it has not been possible to obtain from any seed a preparation which
strictly represents 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 resuits,
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
approximate 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 of 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 of the nitrogen of the food belongs to protein, which certainly
for most of the vegetable products used is not true,

McCollum?! attaches great significance to the records of reproduc-
tion, and ascribes the lack of fertility 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
experiments, especially those made with vegetable proteins, it seems
advisable to point out that Osborne and Mendel [1919, 2] as well as
others ? 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 nutrition 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 sifu.

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

| McCollum, E. V. The Newer Knowledge of Nutvition. 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 Essential for Reproduction. Science, 1922, g5, G50-651.
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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, 1] found that when the entire wheat
kernel, containing about 10 per cent. of protein [N x 57], was fed as
the sole source of protein, together with butter-fat and a suitable
mixture of inorganic salts, 20 milligrammes of protein each week per
gramme of body weight were insufficient for prolonged maintenance
of most adult rats, and that in general about 23 milligrammes were
required.

To prepare an adequate diet from the entire grain, containing
enough protein for the normal growth of the young, it was necessary
to mix 92 per cent. of the ground seed, 5 per cent. of butter fat, and 3
per cent. of the salt mixture with water and bake the dough into hard
cakes. As this food, containing about ¢ per cent. of protein, was
much lower in calorific value than the fat-rich mixtures used in the
other experiments, the rats ate about 50 per cent. more of it by
weight than of the latter, and thus actually consumed as much protein
as did rats on the fat-rich diets containing 15 to 17 per cent. of protein.
This shows how misleading may be conclusions based on the percentage
of protein in the food when nothing is known of the amount 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 consequently
the protein is not of relatively superior quality. More precise data
respecting protein from this important source should be obtained if
possible.

Osborne and Mendel [1919, 1] 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 found 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 from the
same lot of flour. When young rats were fed on a food mixture con-
taining 148 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 2o 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 2'03 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 feces.

No comparable experiments have been made with the maize kernel,
but Hogan [1916] 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 by 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-
preciably on this food mixture but made rapid growth;when casein



NUTRITIVE VALUE OF VEGETABLE PROTEINS 103

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 discrepancy between the out-
come of experiments with rats and pigs on this diet to the great differ-
ence in the size of the two species, in consequence of which much more
protein per unit of body weight is eaten by the rat, a fact which must
always be kept in mind in comparing the nutritive value of proteins
when fed to animals of markedly different size.

Johns, Finks and Paul [1920] have also shown that the proteins of
maize meal when fed at a sufficiently high level suffice to promote
normal growth of rats. On a diet containing

Per cent.
Gluten meal! . : ; : : : : . 53 = Ig'4 per cent. protéin
Whoie ground maize : : E ; . . K= 17 i &
Salt mixture - ; ; : - : : 4
Butter-fat . ; 2 i : a : : . I8
Lard . . . . - - i - . . 7

normal growth was made, the water-soluble vitamin being furnished
by the ground seed. In view of the fact that Osborne and Mendel
[1914, 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 relatively small pro-
portion of whole maize 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, 1}

The proteins of the embryos of the seeds of wheat [Osborne and
Campbell, 1g00] are different in chemical properties and structure
from those of the endospsrm, and the same is presumably true for those
of the maize kernel.

! (zluten meal is a mixture of the protein of the endosperm of the sceds 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 protein 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-
published).

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 proteins 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.

The 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, Pisium
sativum, 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 the relative nutritive
value of the proteins in these seeds, because either no data are given
respecting the amount of protein ingested, or no proof is furnished
that the amount of protein eaten was not in excess of the minimum
required for normal growth. The only experiments in which the above
requirements were approximately met are those of Osborne and
Mendel [1917, 1], 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 manufacture, 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, 1, 2, 3, 4] give the results
of extensive experiments with supposedly adequate and comparable
diets, containing 9 per cent. of protein from seeds of several cereals,
some animal products, and 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, it is im-
possible to draw satisfactory conclusions from their reports as to the
actual value of the proteins in the leguminous seeds which they used,
or as to their supplementing value for the proteins of the cereal grains.

Concerning the relative value of proteins contained in green forage
plants, or the supplementing value of these for the proteins of seeds,
almost nothing definite is known. It is a matter of common experience
that many kinds of animals derive a large part of their supply of protein
from various species of green plants. When attempts are made to
obtain experimental evidence of the part played by the protein factor
of diets containing green plants almost insuperable difficulties are
encountered.

In the first place we do not yet know how to isolate the protein
from any fresh plant in a state of purity, and such attempts as have
been 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
will not eat enough of the foods containing such preparations.

In the second place, when the entire plants, or the residues, pre-
sumably rich in protein, from which the soluble matters have been
extracted, are fed, it is impossible to determine how much protein is
consumed, since we do not know the proportion of non-protein nitro-
genous substances which they contain. A product from spinach leaves,
which contained nitrogen equal to 39 per cent. of protein (N x 6-25),
was fed to young rats by Osborne and Mendel (unpublished) with
marked 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,! 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 buing 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
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

‘Volez, W. Der Ersatz des Nahrungseiweisses durch Harnstoff beim wachsenden
Wiederkauer. Der Futterwert des nach dem Bechmannschen Verfahren aufgeschiossenen
Strohs und der Sprew.  Biochem. Zeit., 1gzo0, 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 requirements of man
are also much the same as those of rats.



CHAPTER XIL

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

A, Tovalbumins.

WARDEN and Waddell [1884] obtained from the seeds of Adrus
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 substance, 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
psendacacia a similar toxin which they considered to be a nucleoprotein.
Schmidt's Lehrbuch ! appears to be the first publication in which this
toxalbumin is described under the name of robin.

Siegel [1893] discovered a similar toxic protein in the seeds of
Jatropha curcas, to which he gave the name of curcin.

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

Dunbar [1903] ascribed the effect which extracts of rye pollen had
on hay-fever patients to a toxic protein contained in pollens.

Wienhaus [1909], at Kobert’s suggestion, proposed the name
phasin for all of the proteins which are non-toxic, but which, like the
above-mentioned toxalbumins, 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 of those

'Schmidt, Lehrbuch der pharmacentischen Chemie, 1806, 3ed edition, 2, 1647,
Lio
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who have worked with them that the protein itself, and not some non-
protein substance associated 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.

Those who deny the protein nature of the toxin have for the most
part based their opinion on the assumption that digestion with trypsin,
carried to the point where the solution fails to give the reactions
characteristic of protein, does not destroy the toxin. The opponents
of this view contend that the toxicity of these toxalbumins is so great
that the solutions tested were too dilute to give these reactions, although
they still contained enough of these extraordinarily toxic proteins to
manifest their presence by fatal results when administered to animals.

We apparently have the same question as to the chemical nature
of the toxalbumins as we have in respect to that of the enzymes, with
which the toxalbumins seem to have much in common. Cf Osborne
[1895, 3], and Sherman and Schlesinger [1911, 1912]

Abrin.

Warden and Waddell obtained their preparation of abrin by
extracting the fat-free powder of the ground seeds of Aérus precatorius
with water and precipitating with alcohol, Martin and Wolfenden
[1889] separated a globulin and a proteose from the precipitate thus
produced, and considered both to be toxic. By brief heating these
were denatured, the globulin at 75° to 80°, the proteose at 80° to 85°,
while at the same time the toxicity was destroyed. Hellin [1891]
discovered that abrin had the 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.

Répin [1893], Heuseval [1900], and Kobert [1913] state that abrin
does not lose its toxicity by digestion with trypsin. Hansmann [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 ammeonium
sulphate to 8/roths saturation, when dissolved in water, although it
gave no biuret reaction, agglutinated red blood corpuscles and proved
toxic in doses corresponding to 3§ 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 Adrus and found these to be very similar to those of ricin.

Ricin.

As already stated, Dixson was the first to isolate from seeds of
Ricinus a highly toxic product which consisted chiefly of protein.
Stillmark, 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 numerous investigations in the field of
immunology and to a recognition of the close relations of the toxal-
bumins to the bacterial toxins, (Cf. Schaer [1891], Tichomiroff
[18g5], Werhovsky [1805], Stepanoff [1896], Ehrlich [1897], Heuseval
[1900], Kobert [1900], Roemer [1901], Hausmann [1902], Jacoby
[1902, 1, 2], Kraus [1902], Rehns [1902, 1, 2], Braun, and Behrendt
[1903], Brieger [1903], Arrhenius [1904], Fraenkel [1904], Jodlbauer
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 toxic 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 rendered 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 [rgoir] thought he had demonstrated the non-protein
nature of ricin because he found that preparations which he subjected
to prolonged tryptic digestion, and were still toxic, failed to give the
biuret reaction. Jacoby’s method for preparing this so-called ricin
must certainly have yielded preparations containing a large proportion
of the non-toxic globulin of the seed and relatively little ricin. It is,
therefore, not surprising that the very dilute solutions which he tested
failed to give the biuret reaction although they still contained enough
ricin to be toxic.

Landsteiner and Jagic [1904] found when blood corpuscles were
agglutinated by ricin that the toxin could be extracted from the pre-
cipitate by dilute hydrochloric acid, thus indicating that the toxin and
agglutinin are one and the same substance. '

Osborne, Mendel, and Harris [1905] separated the different proteins
of the seed of Rignus 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
obtained within comparatively narrow limits of concentration in this
salt. The toxicity of these fractions 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'co03 of a milligramme 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 toxic property belongs to the
albumin, and that consequently true toxalbumins occur in seeds.

Woronzow [1909] 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 examination 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
at 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 property 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 by ricin,
and states that a differentiation of ricin into a toxin and an agglutinin,
of which the latter plays no intravitam role, is not justified.

Contrary to Miiller's [1899] conclusions, 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 of his
views, the reader is referred to the data given in his paper.

Curcin.

Stillmark [1889] obtained from extracts of the seeds of Jafropia
curcas a preparation having toxic as well as agglutinating properties
similar to those of ricin. Siegel [1893] was unable to remove the
protein from preparations made from extracts of this seed without
destroying its physiological activity.

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 ensued,
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 ricin, 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 Crofon tiglhum has
been the subject of relatively few investigations. Stillmark [1888]
applied the same methods which he had used for preparing ricin to

Ei
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the seeds of Croton tiglium and obtained products which, when
injected into cats or rabbits, produced effects similar to those caused
by ricin, and found that it also agglutinated 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 globulin and
an albumin, which were toxic and likewise agglutinated red blood
corpuscles. The fact that solutions of the albumin lose their 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 toxalbumin,
which he named crotin, is an enzyme.

Kobert [1013] 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, those of the
five latter, however, are hamolysed. 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 crotin 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 Rebinia
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. FPreparations of robin
give all the reactions characteristic of proteins. Power estimated
the content of robin at I°1 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 produced 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.
Robin is distinguished from ricin by its failure to agglutinate the red
corpuscles of dog’s blood.

B. Phlasins.

Wienhaus [1900], 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
identical with the toxin or not was the subject of much discussion
until non-toxic agglutinins were later obtained from many species of
seeds. Since then it has been generally assumed that these two
factors are not identical. In this connection attention should be
called to the experiments of White and Avery [1913], who found that
a very carefully purified preparation of crystallised edestin, which the
author made expressly for their work, had strong agglutinating
properties, These investigators dissolved the edestin in the least
possible quantity of N/ro sodium hydroxide solution, and then
diluted to the required concentration with a N /1000 solution. Under
these conditions edestin agglutinated the washed red corpuscles of
sheep’s blood at a dilution of 1-10000, whereas under the same
conditions gliadin had no such action. These experiments show that
agglutination is not a property peculiar to the proteins of the water
extracts of some seeds, and leave little doubt as to the protein nature
of phasins,

Phasins have been found in seeds of many species of plants,
particularly in those of leguminosie. Landsteiner and Raubitschek
[1907] first described such from 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 from many species.

In 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 whether or not the agglutination caused by the phasin
was due to lipolysis, but the evidence furnished by Mendel [1g0g, 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]), Stepanoff [1896], Comevin [1897], Ehrlich [1897],
Elfstrand [18g8], Heuseval [1,00], Kobert [1900, 1913], Jacoby [1901 ;
1902, 1, 2 ; 1903], Kraus [1902], Rehns[1902, 1, 2], Braun and Behrendt
[1903], Brieger [1003], Arrhenius [1904], Fraenkel [1004], Jodlbauer
and v. Tappeiner [ 1905], Pascucci [1905], Liebermann [1905 ; 1907, 1,2 ;
1908), Sachs [1905], Woronzow [1g07], Raubitschek [1911], v. Eisler
and v. Portheim [1908, 1911, 1912], Miessner and Rewald [1909],
Field [1910), Lenze [1909], Assmann [1911], Reid [1913], Sommer-
feld [1913), Felke [1913], Agulhon [1914], Ford [1913]

C. Anaplylaxis

Wells and Osborne [1915] showed that it is possible to isolate
from extracts of seeds, as well as trom cow's milk,! preparations
representing different kinds of protein, each of which reacts specifically
according to the protein used, but not according to the species from
which it originated. It 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 [1911] 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 pea with

L'Wells, H, G., and T, B. Osborne. Anaphylaxis Reactions with Purified Proteins
from Milk, ]. Infect. Diseases, 1921, 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 [1013] 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
presence of two or more individual 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 wheat gluten,
react anaphylactically with one another. Since guinea pigs sensitized
with glutenin do not react to hordein, as do those sensitized with
gliadin, it is 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 when the
sensitizing dose was only o-0ool milligramme and the intoxicating
dose 50 milligrammes. Lake, Osborne and Wells [1914] studied the
immunological reactions produced by hordein, gliadin, and some other
vegetable proteins. The reader is referred to the account of their
results because these cannot well be summarised here.

Wells and Osborne [1914] state that the minimum intoxicating
dose of most vegetable globulins is from 1 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 water is much smaller, moderate to severe
reactions being obtained with 0'05—o0°1 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 [Cf. 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 protein molecule since chemically
similar proteins from seeds of different genera may react anaphylac-
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 prolamins, 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 resembling 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 proteins of the
legumes just mentioned, are not exactly the same, while the proteins
from different species of Lupinus present common characteristics but
differ 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 proteins of
different species of fuglans 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 of the embryo
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itself, are the final products of the metabolism of the plant which
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 along definite lines
which it must follow throughout the rest of its life.
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ABRIN, 110, TII.

Acerin, 24. e

Adsuki-bean, protein in, 25, 040.
Albumin, 2, 30 4y 1Dy 16, 1g, 20, 47 51-
Albuminoids, 11, 18, 25,

Alfalfa plant, protein in, 12, 90, 108,
Almonds, proteins in, 24.

Amandin, 24, 71, 79.

Amide nitrogen, 75, 79

Anaphylaxis reaction, 7, 13, 14, 34, 118,
Antiarin, 60, 88,

Apricot seed, protein in, 24.

Arachin, 24, 100.

Avenalin, 24.

BARLRY, proteins in, 3, 25, 26, 27, 102.
Basic nitrogen, 71.

Beans, proteins in, 3.

— adsuki, proteins in, 25, 99.

— Chinese velvet, proteins in, 24, 99.
— Georgia velvet, proteins in, 25.

— horse, 24. ]

kidney, proteins in, 24, 107.
leaves, protein in, 11, g4.

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 in, 24.

=
—=m

CaBBAGE leaves, proteins in, 9o, 94.
Canavalin, 24.

Candle-nut, protein in, 23.

Castanin, 24.

Castor-bean, proteins in, 14, 22, 25.
Chestnut, European, proteins in, 24.
Cocoa-nut, proteins in, 25.
Cohune-nut, proteins in, 25.

Colour reactions, 70.

Conarachin, 24, Too.

Concanavalin, 24.

Conglutin, 24, 74, 79, 99-
Conphaseolin, 24.

Corylin, 24, 71.

Cotton-seed, proteins in, 25, 70, 101.
Cow-pea, proteins in, 24.

Crotin, 110, 115.

Crystalline proteins, 5, 8, 9, 1o, 12, 14, 23.
Cucurbitin, 24, 69, 71, 101.

Curcin, 110, [15.

DeNaTURING by acids, 50.
— — aleohol, 64.
— — alkaliz, 63.

Denaturing by heat, 20, 65.
— — metallic salts, 65.
Diamide nitrogen, 77.

EnesTay, 6o.

lEd.'EStiﬂ, 2Z; 23 245 44 431 49, 52, 590, 6??
| 64, 70, 70, 101, 117, 119.

| Embryo, proteins in, 8, 9, 30, 104, 105.
Endosperm, proteins in, 8, 9, 104.

Exeelsin, 23, 24, 71, 78, &5, 101,

FLaX-sEED, globulin, 25, 71.
~— proteins in, 2§, 33. 34-

GLIADIN, rye, 27, 119.

— wheat, 3, 11, 27, 56, 69, 75, 77, 79, 85,
b, g8, 117, 110.

Globulins, 5, 10, 16, 20, 21, 47, 51.

— in wvarious seeds, 23.

Gluteling, 16, 19, 25.

Gluten-fibrin, 27.

Gluten maize, 26.

— wheat, 1.

Glutenin, maize, 26.

— wheat, 26, 48, 110.

Glyeinin, 24, 87.

| Glycoproteins, 31, 7I.

| Green plants, proteins in, 89, 107.

| HEMOGLOBINS, 32.

Hazel-nut, proteins in, 24.

Hemp-seed, proteins in, 10, 24, 33, 52, 72.
Histones, 28.

Hordein, 11, 27, 119.

Hydrolysis by acids, 68, 709.

— = plkalis, 70, 77, 82.

— — enzymes, 7g.

— rate of, 79.

IsoELECTRIC point, 36.
JUGLANSIN, 24, 71.
KaFIRIN, 28, g3,

LEAVES, proteins in, 11.
Lecithoproteins, 33.
Legumelin, 2o, 79, 100.
Legumin, 4, 24, 58, 69, 79, 83.
— from horse-bean, 24.

| = = lentil, 3, 24.

— — pea, 3, 22, 71, 100, 118,
— — wyetch, 22, 71, 109, 1I8.
Lentils, proteins in, 24.

| Leucosin, 20, 67.
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Lima bean, proteins in, 25.
Lupine-seeds, proteins in, 24, 33, 34-

MAIZE, giutelin. 26, g8

— protemns in, 25, 27, 104.
Maple-seed, protein in, 24.
Maysin, 24.

Mucedin, 27.

Mung-bean, proteins in, 25.
Mustard-seed, protein in, 25,

NITROGEN in vegetable é:»mteins, 71,
Nucleoproteins, g, 17, 28.
Nutritive value of vegetable proteins, os.

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

PEA, proteins in, 24, 107.
Peach, proteins in, 24.
Pea-nut, proteins in, 24, 100, 101.
Peptides, 335, 6g
Peptones, 34, 69.
Phaselin, 21.

Phaseolin, 23, 24, 79, 98.
Phasin, 110, 117.
Phosphoproteins, 18, 31.
Phycoerythrin, 32.
Plant-fibrin, 4.

Plant gelatin, 4.

Plum, proteins in, 24.
Potato, proteins in, 3, 24.
Precipitation by acids, 58.
dialysis, 57.

— — dilution, 57.

— — neutral salts, 57.
Prolamins, 16, 19, 26, 56.
Protamines, 28,

Proteans, 17, 6o.
Proteoses, 18, 33, 51, 69, 119.

INDEX

| RADISH-SEED, proteins in, 25.
| Rape-seed, proteins in, 25.
Rate of hydrolysis, 70.
' Relation of proteins to bases and acids, 36.
Rice, proteins in, 25, 26, 27, 56.
 Ricin, 14, 21, 110, 112, 113.
| Robin, 110, 116,
' Roots. proteins in, 8, g.
| Rye, proteins in, 3, 7, 25, 26, 27, 103.
|
| SCARLET runner beans, proteins in, 04.
| Sesame-seed, proteins in, 25,
| Sorghum seed, proteins in, 27.
et e
i Eplg{h leaves, proteins in, 12, 9o, 93, 04,
| IO,
| Squash-seed, proteins in, 24, 69.
' Stizolobin, 24, o9.
Sulphur in vegetable proteins, 86.
 Sunflower-seeds, proteins in, 25,

| ToMATO-SEED, proteins in, 25.
| Toxalbumins, 110.

| Tuberin, 24, 44, 48.

! UraMINO nitrogen, 77.

|

| VETCH seeds, proteins in, 20, 24, 13.

Vicilin, 24, 69, 70, 86.
Vignin, 24, 100.

WarxuT, black, proteins in, 24.
— European, proteins in, 24.
Wheat, glutelin, 25, 48, ¢8,

— proteins of, g, 25, 26, 27, 103.

ZEIN, 4, 26, 56, 68, 69, 06, 07.
| Zymom, 4.
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