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A scientific investigation that is continued without interrup-
tion or diversion from the main theme for forty years can be
conducted only by one who has to an unusual degree the quali-
ties of pertinacity and patience combined with a love of science
and of work for its own sake. Few of those who possess such
characteristics are so inspired in their initial choice of a problem
or so richly rewarded by its outcome as was Thomas Burr
Osborne. His death on January 29th, 1929, removed one of the
most distinguished pioneers of American biochemistry, a man
whose name will always be linked with the subject he made pe-
culiarly his own and upon which he firmly imprinted his force-
ful personality.

Osborne's life was one of whole-souled devotion to a single
purpose, the understanding of the relationships of proteins to
each other and to the animal world. He began his researches
upon the vegetable proteins in 1888, at a time when little atten-
tion was being paid to these substances either by physiologists
or chemists. He lived to see the study of proteins become one
of the major topics of biochemistry, and to experience the satis-
faction of knowing that this broad increase in interest was to no
small extent a direct result of his own efforts. The great lead-
ers in this field of scientific endeavor, Fischer, Kossel, and
Osborne, have now all passed to their reward leaving a world
infinitely the richer for their labors.

Osborne's entire life was spent in New Haven, Connecticut.
There he was born on August 5th, 1859, there he received his
education and scientific training, and there he did his work.
He was seldom absent from his laboratory and his outside in-
terests were few. He cared not at all for organized sports nor
for the formal social life of the community, but preferred to
take his recreation hunting or fishing or, in later years, in long
country walks with a friend. On these occasions his extra-
ordinarily acute powers of observation for the bird life around
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him, and his shrewd comments on matters of mutual interest,
were never-failing sources of delight to his companion. For
many years he was a Director of the Second National Bank of
New Haven. At the meetings of the board his keen under-
standing of business problems and the relentless logic with which
he pursued his arguments won him the respect and regard of
his fellow members. He led a life of rigid routine, but his ad-
herence to the details of a well-ordered daily life was far from
being an index of any lack of imagination. Above all else
Osborne lived for the future. His interest in the past was re-
stricted ; he desired merely to know what were the ascertained
facts, what were the well-supported and most fruitful hypo-
theses : upon this firm ground he planned his investigations, ever
watchful for the obscure signs that point the way to further
advances in sound knowledge.

Osborne's heritage is significant. The earliest recorded pater-
nal ancestor in this country was Richard Osborne, born in
England in 1612, who settled at Hingham, Massachusetts, in
1635, removed to New Haven in 1639, and later (1650) to Fair-
field, Connecticut. His mother was descended from William
Blake of Little Baddow, Essex, who came to America in 1630
and settled in Dorchester, Massachusetts; Eli Whitney Blake,
the inventor of the stone crusher, was Osborne's grandfather,
and Eli Whitney, the inventor of the cotton gin, was a great-
great uncle. Through his maternal grandmother he was sixth
in descent from the Reverend James Pierpont, a graduate of
Harvard in 1681, who became the pastor of the first church in
New Haven in 1684 and was one of the prime movers in the
formation of Yale College. Osborne was the elder son of
Arthur Dimon Osborne and Frances Louisa Blake. From his
father, a member of the Connecticut bar, and a banker, he in-
herited an interest in the daily affairs of men that was developed
by informal family discussions into an unusual training in
finance. From his mother he inherited the love of trying new
things and new ways—the desire to create—that informed his
whole life-work.
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He received his early education at the Hopkins Grammar
School. As a boy he paid little attention to games or other
amusements, his chief delight being to ramble through the woods
and marshes in pursuit of birds. He rapidly acquired an inti-
mate knowledge of their habits and accumulated a valuable col-
lection of the local species. One of his companions on these
expeditions has recently written: "He was intensely interested
in all features of Natural History and knew plants and ani-
mals quite as well as he did birds, although we devoted more
time, perhaps, to collecting birds. I do not know how large a
collection of bird skins he had, but it must have been an im-
portant one." l Many of Osborne's notes and observations of
bird life are recorded in the "Review of the Birds of Connec-
ticut" published by C. Hart Merriam in 1877 and some of the
skins from his' collection are still in existence in the possession
of Henry H. Townshend of New Haven.

He was encouraged in scientific activities by his uncle, Eli
Whitney Blake, Jr., professor of physics at Brown University.
Letters from the uncle refer to the microscopic examination of
diatomaceous earth, to the dissection of clams and to other
scientific subjects. Perhaps the most entertaining of these let-
ters was written March 5, 1877, and contains a full description
of Alexander Graham Bell's then recently invented telephone.
Osborne used this information in the preparation of a school
essay in which the telephone was described and illustrated by
means of a diagram and a working model. He referred, in
the essay, to the fact that he had been present when Dr. Bell
demonstrated in Providence that music and the human voice
could be transmitted over wires from Boston.

Osborne planned to continue his education at Cornell Univer-
sity where facilities for the study of science in the academic
course were offered. He was, however, dissuaded and in 1877
took up his studies at Yale, thereby following the traditions of
a family of Yale graduates that extended in almost unbroken
line from a great-great-great grandfather, Ebenezer Dimon, who
was graduated in 1728. The required study of moral philosophy

1 Personal communication from Dr. Robert T. Morris, New York.
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and the classics at Yale held little attraction for him and it is not
surprising that his extracurricular activities at this time oc-
cupied much of his attention. Nevertheless, he received first
colloquy appointments in both junior and senior years and was
made a member of Psi Upsilon and of Skull and Bones; re-
wards that imply conspicuous attainments. He was president
of the Yale Society of Natural History during the last three
years of his course and surviving copies of the papers read at
some of the meetings indicate that this was a group of serious
minded young men who welcomed an opportunity for the discus-
sion of scientific topics. It is interesting to note that a num-
ber of them were later eminent in various fields and, besides
Osborne, at least five2 became members of the National
Academy.

The most important of Osborne's activities during his college
career was entirely extramural. Through a school friend whose
father was a prominent miller, he became familiar with a prob-
lem that had arisen in the flour milling industry. The existing
method for the purification of middlings was in some respects
unsatisfactory and millers were eager to secure a cheaper proc-
ess. The adherence of tobacco ash to a gutta-percha pencil
used to ram down the contents of his pipe suggested to Osborne
that the difference in the electrical properties of the particles in
the ground wheat might be used as the basis of a method of sepa-
ration. A machine was devised in which the middlings passed
under rolls constructed of rubber upon the surfaces of which
an electrostatic charge was induced by causing the rolls to rotate
in contact with sheep's wool pads. Devices were added to
agitate the middlings and to remove and collect the lighter parti-
cles of bran which flew up and adhered to the electrified rolls.
An American patent No. 224719 was granted to Osborne for
this machine on February 17, 1880, and shortly afterwards
American and foreign patents covering the original invention
and certain improvements were granted to him and to his as-
sociates. The electric middlings purifier was used with success

2 Edmund B. Wilson, C. Hart Merriam, Joseph P. Iddings, Louis V.
Pirsscn, and Samuel W. Williston.

264



THOMAS BURR OSBORNE VICKERY

for several years in a number of mills but was eventually super-
seded by other machines.

Osborne took his bachelor's degree in 1881. At that time
the most promising career for a man with scientific leanings ap-
peared to be medicine and he therefore enrolled in the medical
school where he studied for one year. As this did not prove
to his liking, in 1882 he entered the graduate school and took up
the study of chemistry under Professor W. G. Mixter; the fol-
lowing year he was made laboratory assistant in analytical
chemistry and obtained his first opportunity to embark upon
original chemical investigation. He prepared two papers on
the analytical separation of zinc which were published under
his name alone in 1884, and in 1885 presented a dissertation on
"The Quantitative Determination of Niobium," for which he
was awarded the doctor's degree. He remained at Yale an-
other year, occupied in research and teaching; in May, 1886, at
the invitation of S. W. Johnson, professor of agricultural chem-
istry in the Sheffield Scientific School at Yale, and director of
the Connecticut Agricultural Experiment Station, he became a
member of the station scientific staff. In the same year he mar-
ried Elizabeth Annah Johnson, Professor Johnson's daughter.

During the years which followed Osborne gradually took up
the life of a scientific investigator. An influence which had the
most far-reaching effects upon his mature life was exerted upon
him by his distinguished father-in-law. The two men were
united by bonds of the closest nature. Johnson was his mentor
and teacher, the director of his early researches and intimate as-
sociate; Osborne became Johnson's most eminent pupil, the
exemplar of the principles, in the training of investigators in
agricultural science, to which Johnson devoted his life. They
were in daily contact for nearly thirty years, Johnson the scholar,
the master of the literature, the administrator; Osborne the clear
and logical thinker, the determined investigator, the careful ex-
perimenter.

When Osborne first went to the experiment station labora-
tory, Johnson had been engaged for some time upon a study of
the sugars obtained by the hydrolysis of various plant gums.
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He had prepared a number of these substances but had been
unable to obtain the services of an analyst trained to conduct
combustions for the determination of carbon and hydrogen.
The first assignment given the new assistant was the analysis
of these preparations. Their nature as pentose sugars was
soon established, but, in view of the publication of Kiliani's
discovery that arabinose was a five-carbon sugar, and of the ex-
tensive investigations of similar substances being undertaken in
Germany, Johnson did not publish the results. For several
years Osborne was occupied with various problems of agricul-
tural chemistry. He developed the so-called beaker method
of mechanical soil analysis and was active in the general analy-
tical work of the station. He also refitted the small home
laboratory formerly used by his wife's father and for a num-
ber of years thereafter spent many evenings in private com-
mercial work.

The passage of the Hatch Act in 1887 made federal funds
available for scientific investigations at state experiment sta-
tions. This addition to the very limited resources of the Con-
necticut station permitted an enlargement of its activities, and
one of the first projects undertaken was the study of vegetable
proteins.

In order to understand how this came about it is necessary
to go back to the year 1853 when Johnson was a student for a
few months under Erdmann in Leipzig. One of Erdmann's
assistants was Heinrich Ritthausen, a young man who later
became interested in vegetable proteins and, in 1872, published
a book, Die Biweisskorper der Getreidearten, Hulsenfruchte und
Olsamen, in which was described an astonishing amount of
original research upon the proteins of seeds. Ritthausen's work
was continued until the early 90's but was little appreciated
either in Germany or in this country. Among the few who
grasped its significance was Johnson, who recalled his acquain-
tance of student days as an earnest and trustworthy investi-
gator, but was convinced that even more thorough studies were
necessary before the relationships of the seed proteins to each
other and their value in human and in animal nutrition could
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be understood. Finally, in 1888, the opportunity to take up this
work was presented. In Osborne, Johnson had a highly trained
and capable assistant who had already demonstrated his capacity
for independent research. The necessary funds had become
available. One vacation day in August of that year, while
walking up the hill to his summer home at Holderness, New
Hampshire, with his son-in-law Johnson proposed that an inves-
tigation of the proteins of seeds should be undertaken. The
problem was to be Osborne's own and, under the new condi-
tions, he would be able to devote his whole time to it. The
younger man eagerly assented and, a few weeks later, began the
studies that were to continue throughout his life. Many years
before (1845, *849) J. P. Norton, who had been Johnson's
teacher at Yale, had published two papers on the proteins of
the oat kernel. This grain had also been investigated by Kreus-
ler in 1869 but it had not been studied by Ritthausen. In view
of this and of its great economic importance the oat kernel was
selected for the initial investigation.

Osborne's work on the vegetable proteins falls naturally into
three phases. From 1889 to 1901 the chief interest was in the
preparation of pure specimens of the proteins of plant seeds.
The investigation of the oat kernel (13, 14), published in 1891,
was followed by a series of papers in which the proteins from
no less than thirty-two 3 different seeds were described. At least
five of these, flax seed, adzuki bean, cow pea, soy bean and cot-
ton seed were studied for the first time by him. Every seed
was found to yield several different proteins and each of these
was prepared, where possible, by a number of different methods.
All available methods were employed to ensure that the prepara-
tions should represent homogeneous material as nearly as pos-
sible identical with the protein as it occurred in the seed.

3 Osborne studied in detail the proteins of wheat, rye, barley, maize,
oat, rice, kidney bean, adzuki bean, pea, vetch, lentil, horse bean, soy
bean, cow pea, yellow lupine seed, blue lupine seed, squash seed, castor
bean, hemp seed; flax seed, cotton seed, almond, peach kernel, Brazil nut,
hazel nut, English walnut, American black walnut, butternut, sunflower
seed, and potato tuber. He also prepared the proteins of the lima bean
and coconut but published no detailed paper on them.
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The only criterion of the purity and individuality of protein
preparations that was known at this time was the ultimate
analysis of the material for carbon, hydrogen, nitrogen, and
sulphur. That this criterion alone was hopelessly inadequate
became apparent later and, since the recognition of this inade-
quacy was largely due to Osborne and amounts really to a turn-
ing-point in the history of protein chemistry, it may be worth
while to discuss it more fully.

The early pioneer work of Beccari, Rouelle, Fourcroy, Einhof
and Gorham suggested that there are four chief types of vege-
table proteins, albumins, which are soluble in water and are
coagulated by heat, plant caseins, plant fibrins, and alcohol-
soluble proteins that have some properties in common with
gelatin. The resemblances between these types of vegetable
proteins and the more generally known proteins of blood and of
milk gave rise to the idea, clearly expressed by Liebig and up-
held by later writers such as Gerhardt and Kolbe, that there are
in fact only four kinds of protein in nature, albumins, caseins,
fibrins, and gelatins, and that these occur both in plants and in
animals. According to this view it was easy to account for the
value of vegetable food in the nutrition of animals and, more-
over, the notion was philosophically satisfying since it tended
towards the simplification of nature. As time went on, certain
doubts arose that the relationships between the vegetable and
animal proteins were quite as simple as this, but, when Osborne
began his studies, most scientists were persuaded that the total
number of different proteins in nature was very limited. More-
over, it was almost universally held that proteins from different
sources had equal nutritive values. Only a few years earlier
Johnson had explicitly stated in an official publication of the
station that, according to general belief, vegetable albuminoids
do not greatly differ from each other in nutritive effect.

Ritthausen's extensive investigations had been planned to
demonstrate that proteins of similar type from different seeds
are identical with each other. He had found, however, that there
are at least two different kinds of plant fibrins; these he desig-
nated as legumin and conglutin, proteins that are classified today

268



THOMAS BURR OSBORNE VICKERY

as globulins. The alcohol-soluble proteins also failed to fall
neatly into the scheme of general identity and Ritthausen had
become convinced that the gliadin of wheat is a mixture of
several constituent proteins which differ in their solubility in
different concentrations of alcohol. The alcohol-soluble proteins
of barley and maize were regarded as mixtures of these same
constituents but in different relative proportions.

This was the situation when Osborne's investigations began.
As seed after seed was studied and the number of carefully pre-
pared and highly purified proteins increased, it became clear
that many of these could no longer be grouped under a common
name since they were in fact distinct substances. Specific desig-
nations were, therefore, coined and the older names were reserved
for those proteins to which they had first been applied. This
clarification of the nomenclature has been of immense assistance
in bringing a semblance of order into an almost hopelessly con-
fused subject. Gradually the principle was evolved that differ-
ences between proteins are more important than similarities
and the search for criteria whereby these substances could be
differentiated and characterized was pursued with greater and
greater energy.

In 1892 Osborne (18) described crystallized globulins ob-
tained from six different seeds and concluded that the globulins
from the Brazil nut and the oat are distinctly different sub-
stances. The globulins from hemp seed, castor bean, squash
seed and flax seed were, however, closely alike. He said, "It
is at present impossible to assert that these four globulins are
the same, but since differences exist between different prepara-
tions of globulin from the same seed as great as those found
among the globulins of these different seeds, the writer is dis-
posed to consider these four globulins as identical." Later, in
1894, the amorphous globulins of wheat, maize and cotton seed
were shown to have the same ultimate composition as these four
crystalline globulins and he wrote (23), "as the properties of
the preparations obtained from all these sources are substantially
alike, there can be little doubt that one and the same proteid
exists in them all. For this body we adopt the name Edestin
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from the Greek eSeords signifying edible, in view of its oc-
currence in so many important food-stuffs."

In 1896 Osborne pointed out (31) that the globulins from
the peach kernel and almond are so closely alike that little doubt
of their identity was entertained, further that the globulins of
the walnut and the filbert are apparently identical with each
other but that these differ from the edestin present in the seven
seeds mentioned above. The differences he described had been
overlooked by previous investigators and all of these proteins
had been classed together as vegetable vitellin, a term which,
in view of this newer investigation, Osborne proposed to aban-
don, since it was "associated with many erroneous statements
as to its occurrence, composition, and characters." At this
time he had prepared "six perfectly distinct proteids which
have been confounded together under the name vitellin or con-
glutin." These six were edestin derived from hemp seed, castor
bean, squash, flax and cotton seeds, wheat, rye, barley, maize
and the coconut, amandin from the peach kernel and almond.
corylin from the walnut and filbert, excelsin from the Brazil nut,
avenalin from the oat, and conglutin from lupine seed.

In 1898 a paper on the pea, lentil, horse bean and vetch (44)
described the proteins legumin, vicilin and legumelin. These
four seeds were all found to yield preparations of the globulin
legumin between which no essential differences were detectable,
and the preparations of the albumin-like legumelin from them
were also closely similar to each other. A protein that was
designated vicilin was found in the first three named. Legumelin
appeared to be likewise present in the adzuki and soy beans and
in the cow pea.

The papers that describe these investigations are technical
and are frequently long; they possess, however, a property that
is almost unique in the early protein literature. The operations
are so minutely and carefully outlined that it is possible to re-
peat Osborne's work to its last detail and secure preparations
that correspond exactly to those he described.

The chemical and physical properties of many of these pro-
teins were such as clearly to show the advantages for scientific
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investigation of the reserve proteins of seeds over the proteins
of animal origin. Efforts of others to isolate proteins of definite
properties from the complex mixtures in animal tissues had
been for the most part unsuccessful, and even as late as 1911
not more than two or three animal proteins had been clearly
characterized as definite chemical substances. On the other
hand, many seed proteins were early shown by Osborne to be
chemically distinct and, furthermore, the preparations were
reproducible at any time. He had crystallized a number of the
globulins, and the readiness with which this could be done
emphasized the fact that these proteins were definite substances
entitled to the serious consideration of chemists.

Up to 1899 Osborne had been interested almost wholly in the
preparation of proteins from as many different sources as pos-
sible. In this year he began to subject his wealth of material to
more critical and detailed chemical examination. This marks
the beginning of a second phase of his labors, a period in which
the properties of the proteins became the matter of chief im-
portance and which culminated in the elaborate amino acid
analyses that laid the foundation for the nutrition studies of
his later years.

The first paper (47) in which this change in interest is
apparent showed that the crystalline protein edestin from
hemp seed forms two distinct compounds with hydrochloric acid,
that the solubility of edestin in acid increases in direct ratio with
the amount of acid present and that this and a number of other
crystallized vegetable globulins neutralize definite proportions of
acid. In other words, the behavior of these proteins was that
to be expected of basic substances of fixed composition. This
was one of the ends towards which the careful descriptive
studies had been directed, a demonstration that some proteins,
at least, have many of the properties of definite chemical indi-
viduals. The position here taken was strengthened by other
papers in which it was shown that proteins exhibit many evi-
dences of a capacity to undergo electrolytic dissociation and enter
into ionic reactions.
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These investigations clearly demonstrated the necessity for
more complete chemical characterization of the different pro-
teins. The older view, which narrowly limited the total number
of vegetable proteins, was manifestly inadequate since a relatively
short period of intensive investigation had greatly increased the
number of kinds of protein that could be prepared from seeds.
But what should be the next step ? There was plenty of widely
diversified material at hand. How should it be attacked? It
is interesting to note how, during the period from 1899 to 1903
Osborne tested first one lead and then another, each time ob-
taining results important in themselves but not contributing
much to the central problem. He worked on egg proteins, on
the nucleic acid of wheat embryo and on the sulphur content of
proteins. The data of this last paper (54) were used in a
discussion of the possible molecular weight of proteins and
are still employed for this purpose. Finally the required sug-
gestion was obtained from the extraordinary results of Drechsel,
Hedin, and of Kossel and their simple application to the proxi-
mate analysis of proteins by Hausmann in Germany. When
proteins are boiled with strong acid they are slowly decomposed
into relatively simple crystalline substances, the amino acids.
At least twenty-one different substances of this type have been
secured from proteins and most proteins yield fifteen or more
of these. Kossel had attacked the problem from the amino acid
point of view and had established the principle that protein
analysis could most effectively be accomplished by the quantita-
tive separation and estimation of these simpler derivatives. In
particular he had developed a method whereby the three basic
amino acids arginine, histidine, and lysine could be determined.
With two exceptions all of the known amino acids derived from
proteins contain an a-amino group; the three basic amino acids
contain additional nitrogen in other parts of the molecule com-
bined in basic structures that have properties different from
those of the amino group. It is clear, therefore, that there
are several different forms of combination of nitrogen in the
protein molecule. This idea had been grasped by Hausmann
who in 1899 proposed a simple scheme of protein analysis
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whereby the proportion of the total nitrogen that was present in
each of three well-marked forms might be determined. Haus-
mann's method met with considerable adverse criticism but it
appealed to Osborne as a means by which additional knowledge
of proteins might be readily secured and as a useful preliminary
to the far more elaborate analysis of the basic amino acids
according to Kossel's procedure. It soon became apparent that,
although the method might not yield accurate absolute results,
it did yield valuable comparative results when employed under
suitable conditions.

Osborne's application of the Hausmann method to his prepara-
tions marks the beginning of a new era in the problem of pro-
tein characterization. He wrote (56), "we have found by its
use that some of our preparations from different seeds which
were so nearly alike in composition and reaction that no differ-
ence could be detected between them sufficient to warrant the
conclusion that they were not the same chemical individual,
yield such different proportions of nitrogen in the several forms
of binding that there can be no longer any doubt that they are
distinctly different substances. On the other hand, many prepa-
rations of different origin, which we have heretofore considered
to be identical, have yielded the same proportion of the different
forms of nitrogen and consequently our former opinion respect-
ing the identity of these protein preparations is very greatly
strengthened."

Judged by the new criterion the edestins derived from hemp
and cotton seeds and the castor bean still appeared closely alike
but differed from those from other sources. These others
likewise differed among themselves and, consequently, instead
of a single edestin derived from ten different seeds there were
now at least seven different proteins that had previously been
referred to under this one name. Cotton seed globulin had been
found to react positively towards the Molisch reagent while
hemp seed and castor bean globulins did not. The name edestin
was therefore restricted to these two globulins with the further
cautious statement (56) : "Whether the globulins from these
two seeds are in fact alike is rendered doubtful by the other
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results of this investigation, for only those proteins appear to be
identical that originate from seeds which are closely related
botanically." The legumins obtained from pea, lentil, horse
bean and vetch gave closely agreeing results and were there-
fore still held to be identical with each other as were the legume-
lins from the same seeds. The corylin of the filbert differed
from the similar protein from the English walnut with which
it had previously been identified. The gliadins from wheat and
rye still seemed identical, but hordein from barley was slightly
different and zein from maize was widely different from these.
Thus in one clean-cut investigation Osborne showed that most
of the vegetable proteins with which he was familiar differed
more or less among themselves. Although the notion of abso-
lute specificity could not come until a method of a finer power
of discrimination, the later developed anaphylaxis test, was used,
it was clear that purely chemical methods were capable of yield-
ing highly important results.

Studies were undertaken of the tryptophane reaction, the
Molisch reaction, the solubility limits in salt solutions and of the
specific rotation of different proteins. Beginning in 1906, with
the aid of a number of collaborators, Osborne carried out a
series of analyses of the amino acid composition of proteins
employing Kossel's method for the basic amino acids and
Fischer's ester distillation method for the mono amino acids.
These studies set a standard for such work which has been
surpassed only since the introduction, in recent years, of greatly
improved methods for dealing with certain of the amino acids.
Characteristically, he returned again and again to the analysis of
a few of the proteins, such as casein, gliadin, and zein, which
possess special economic importance, each time increasing the
summation of the components by the use of more refined tech-
nique.

By 1908, when the paper on "The Different Forms of Nitrogen
in Proteins" (96) appeared, data had been accumulated clearly
indicating that most of the known proteins could be satisfac-
torily characterized by the methods of amino acid analysis,
coupled with a study of the physical properties. In a review
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of his own work (94) published at this time Osborne stated:
"In considering the position of our present knowledge of the
seed proteins, the question of chemical individuality should
first be considered. We are now well past the time when agree-
ment in solubility, ultimate composition and color reactions,
are to be accepted as evidence of the identity of two preparations
of protein. It is not necessary to explain why it is at present
not possible to demonstrate the chemical individuality of any
single protein, for the reasons are evident to all who will give
this question the slightest consideration from the standpoint of
the organic chemist. While it is not possible to establish the
individuality of any protein, it is possible to show differences
between the various forms which can be isolated, and to estab-
lish a constancy of properties and ultimate composition between
successive fractional precipitations which give no reason for
believing the substance to be a mixture of two or more indi-
viduals.

''On the basis that agreement in ultimate composition affords
no evidence of identity of two similar proteins, but that distinct
and constant differences in composition are conclusive evidence
that they are not alike, I have endeavored to differentiate the
several seed proteins that I have studied, and have since sub-
jected them to careful comparisons in respect to their physical
properties and the proportion of their decomposition products,
so that those which are alike in their more apparent characters
have been still further distinguished from one another. Whether
these are in fact chemical individuals, must await the develop-
ment of new methods of study. For the present they must be
accepted as the simplest units with which we can deal.''

At the present day there is probably no qualified protein
investigator who would be prepared to assert that any two
proteins from different sources are in all respects identical. To
be sure there are a few pairs or small groups of proteins, notably
those from different varieties of maize or the gliadins from
wheat and from rye, the differences between which are no more
notable than the differences between two preparations of the
same protein. Even the extremely delicate biological tests fot
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differences sometimes fail to discriminate between them; but to
argue from this that no difference at all is present implies that
more is known of these proteins than is really the case. Largely
as a result of Osborne's careful characterizations of the seed
proteins it is now generally held that each kind of plant and
animal cell has its own equipment of specific proteins. While
similarities occur in many cases and, in fact, are sometimes very
conspicuous, rigid identification between proteins of unlike origin
is not at present possible.

The demonstration that proteins differ widely in their amino
acid composition and the definite knowledge of this composition
that had been obtained, turned Osborne's attention in 1908 back
to a problem that had been foreshadowed in some of his early
papers and which he had had in mind almost from the beginning.
In 1902 (56) he had written, "The animal can . . . synthesize
protein from a mixture of the crystallizable products produced
by the decomposition of proteins. Since such a wide difference
exists between the proportions in which the several groups of
products are yielded by the different food proteins, this synthesis
must consist in something more than a recombination of the
several fractions of the molecule of the food protein; it must
involve a more or less extensive alteration of these fractions
and conversion of one into another before the requisite num-
ber of groups of proper nature are at hand from which the new
molecule can be constructed." He had realized, however, that
until pure and uniform material could be obtained in abundance
and its composition established by chemical analysis, an investi-
gation of the comparative nutritive properties of proteins was
useless. The striking differences which now became evident in
the composition of many of the proteins suggested that their
biological values might be correspondingly unlike.

In 1909 this third phase of the work was begun in collabora-
tion with Professor Lafayette B. Mendel of Yale University;
their joint labors continued without interruption until Osborne
retired in 1928. The investigation of the nutritive properties of
the proteins involved the development of a technique for feeding
individual small animals which would permit accurate measure-
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ments of the food intake. This was successfully accomplished,
but the first experiments in which the pure isolated proteins
were fed, together with sugar, starch, lard, and an inorganic salt
mixture, showed that normal growth of young animals did not
take place, although mature animals, as well as young, could be
maintained for considerable periods. Growth of young animals
could readily be secured when dried whole milk powder was
furnished together with starch and lard. This appeared to
indicate that milk contained something essential for growth other
than protein. The preliminary assumption was made that the
missing factor might be supplied by the inorganic constituents
of the milk, and it was indeed soon found that excellent growth
could be secured when evaporated milk serum from which casein
and lactalbumin had been removed, the so-called "protein-free
milk", was added in sufficient amounts to a diet of isolated
protein, starch and lard. With the assistance of this material
an extensive investigation revealed wide differences in the ali-
mentation of animals on different proteins. Animals rapidly
failed on zein and gelatin, were maintained at constant weight
on hordein, rye and wheat gliadin, but grew well on edestin,
wheat glutenin, lactalbumin or casein (114, 115). Further work
showed that the failure of animals on a zein diet was due to
the lack of the amino acids tryptophane and lysine in this
protein; when these were supplied growth occurred (130).
Similarly, gliadin could be made adequate for growth by an
addition of lysine in which this protein was conspicuously de-
ficient (141).

The use of protein-free milk in diets was attended by certain
difficulties. It was not entirely free from nitrogen and it could
not be successfully replaced by an artificial mixture of salts made
to imitate the composition of milk ash as closely as possible.
Furthermore, animals nourished on this diet over long periods
ultimately ceased to grow and declined rapidly in weight. In
every case such animals could be brought to a normal rate of
growth by changing to a diet that contained whole milk powder,
and the ultimate failure on protein-free milk could be postponed
or averted by feeding whole milk powder for occasional short
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intervals. An examination of the composition of the two types
of food revealed that the most conspicuous difference lay in the
presence of milk fat in the dried milk food. Experiment soon
showed that the addition of butter to a casein, starch and pro-
tein-free milk diet sufficed to permit normal growth to maturity.
When butter was added to a diet of dried skim milk upon
which it had been found that animals eventually failed, com-
plete realimentation occurred.

These results were published in 1913 (134). The paper
describing them was submitted to the Journal of Biological
Chemistry about three weeks after a paper by McCollum and
Davis in which similar results, secured by the use of an ether
extract of egg yolk and of butter, were given. The observations
indicated that some substance occurs in butter which is essential
for animal growth. This substance was later designated as
vitamin A.

In the following year the important observation was made
(142) that the same stimulation of growth could be secured
by the addition of cod liver oil to a diet of purified food sub-
stances and protein-free milk, a discovery which served to focus
attention upon the value of this oil, in particular as a curative
agent for the peculiar eye condition known as xerophthalmia
that was regularly encountered by Osborne and Mendel in
animals on the deficient diets. At the close of the war the
sight of many children in Europe was preserved by its use, a
remarkable example of the application of scientific results to
practical problems.

The later extensive contributions of Osborne and Mendel
and their associates to the science of nutrition can only be indi-
cated. Much labor was devoted to the study of the nutritive
value of the proteins of the commercially important foods and
this work gave a rational explanation of many practices that
empirical experience had shown to be advantageous. The dis-
tribution of vitamins in natural food products was studied and
considerable success was attained in an effort to prepare a
vitamin B rich concentrate from yeast. The phenomena of
growth, its suppression and acceleration under various regimens,
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the effect of the individual inorganic constituents of the diet,
these and many other topics received attention at different times.

The remarkable influence of minute traces of certain organic
substances, the presence or absence of which in the diet deter-
mine success or failure of nutrition, drew attention to< the im-
portance of an investigation of the constituents of living cells.
This led to a detailed study of extracts of the alfalfa plant and
of yeast, both of which are valuable sources of vitamins. Much
of the information secured did not reach the stage of publication,
but a striking demonstration was obtained of the complexity of
the chemical environment in which the life of the cell takes
place.

It would be incorrect to assume that Osborne's interest in the
fundamental chemistry of proteins waned as he penetrated more
deeply into the mysteries of animal nutrition. Innumerable
chemical problems arose as a result of the feeding work and
demanded solution. Such, for example, was the discovery in
1913 of lysine among the products of hydrolysis of gliadin
(132) : its presence had escaped the notice of previous observ-
ers, including himself. A study of the constituents of milk in
1917 revealed a new protein soluble in dilute alcohol (180), the
first animal protein that possessed this property to be found.
Its anaphylactogeiiic relationships were worked out in collabora-
tion with Professor H. Gideon Wells in 1921 (224) and it
was demonstrated to be distinct from the other three proteins
of milk.

The division of the present discussion of Osborne's work
into three parts which correspond to the periods when he was
chiefly interested in the preparation, the analysis, and in the
biological properties of proteins has involved an omission of
reference to several lines of investigation that bore less directly
on the main theme.

In 1895 an investigation (26, 27, 39) was made of the
chemical nature of the amylolytic enzyme diastase from barley
malt. This study was undertaken on account of the similarity
in the chemical properties of the albumins prepared from wheat,
rye, and barley and because of the observation that extracts
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from these seeds possess diastatic properties. By the application
of the methods employed in protein investigation, specimens of
an albumin-like protein were secured from malt with more than
six times the amylolytic power of the most active preparations
of diastase that had previously been described. It was shown
that the enzyme had all of the properties of a protein while, at
the same time, the method of preparation excluded the possi-
bility that appreciable amounts of non-protein substances were
present. The most active preparation produced ten thousand
times its own weight of maltose from starch in seventeen hours
at room temperature and it must therefore be reckoned, even
today, as an extraordinarily active material. The necessity that
chlorides be present in order that diastase may exert its maxi-
mum effect was pointed out and many observations were made
of the effect of other salts on diastatic activity. These papers
were the first that clearly proved the protein nature of an
enzyme, they laid the foundation for the subsequent work of
others on the enzymes that bring about the digestion of starch
to sugar and they have had a far-reaching effect upon the de-
velopment of the whole problem of the chemical nature of these
substances.

In 1900 Osborne made a fundamental contribution to the
chemistry of nucleic acids when he announced the discovery of
tritico nucleic acid in the wheat embryo and observed that this
substance yielded the purines, guanine and adenine, in molec-
ular proportions. He made it clear that the various nucleopro-
teins that could be prepared from the wheat embryo were in
reality salt-like compounds of one and the same protein with
variable proportions of nucleic acid; generalizing from these
observations he pointed out that the numerous nucleoproteins
from animal sources that had been described were, very prob-
ably, also salt-like compounds of protein with nucleic acid.

A paper on the proteins of the castor bean published in 1905
(69) is of interest since it marked Osborne's first collaboration
with Mendel and also illustrates the remarkable refinement of
his methods of protein isolation. The castor bean contains an
albumin, ricin, and a globulin, together with proteoses of less
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clearly defined properties. Ricin is the best known of the toxal-
bumins. These are proteins and are among the most extraordi-
narily potent poisonous substances that have ever been described.
Osborne made preparations of this material that were fatal to
rabbits in doses of 0.0005 mg. per kilo of body weight, that is,
one part of the preparation killed two thousand million parts of
rabbit. Ricin itself was not secured in a form entirely free from
proteose, but it was separated from the globulin that accom-
panies it in the seed so completely that no physiological effect
was observed when large doses of the globulin were admin-
istered to animals. The hemagglutinin in the castor bean was
found to be identical with ricin and the protein nature of this
toxalbumin was thoroughly established.

All of the preparation work and much of the chemical inves-
tigation of the vegetable proteins were completed before the
present day conceptions of acidity had been advanced, never-
theless Osborne had noted the effects of different degrees of
acidity on these substances and was alive to the significance of
the phenomena. One of his early papers on edestin contains
the phrase "the concentration of the hydrogen ions in the solu-
tion," and it was his custom invariably to state the indicator
which he used when adjusting the reaction. It was not sufficient
to neutralize a solution; the solution was neutralized to phenol-
phthalein, or litmus, or tropeolin, as the case might be, and the
differences in behavior observed were fully appreciated. It is
this careful attention to detail which gives Osborne's early work
a value to the physical chemist and renders it possible to furnish
interpretations in terms of modern theory, as has recently been
done by Cohn.

The problem of protein differentiation was largely solved
when the methods of amino acid analysis were applied to the
proteins, but several pairs or small groups of proteins remained
that were still indistinguishable by purely chemical means. In
1911 Osborne collaborated with Wells in a study of the anaphy-
laxis reaction of vegetable proteins that was continued for
several years ( i n , 131, 139, 140, 151, 163). This was the
first serious investigation of the biological reactions of such pro-

281



NATIONAL, ACADEMY BIOGRAPHICAL MEMOIRS VOL. XIV

teins and it led to many valuable conclusions. A number of
differentiations were made between proteins that had, up to this
time, revealed no chemical differences. Thus the globulins
juglansin and corylin from the American black walnut and the
filbert, respectively, were found to be distinct as were the flax
seed, cotton seed and hemp seed globulins, and the phaseolins
of kidney bean and adzuki bean. On the other hand the gliadins
of wheat and of rye and the legumins of pea and of vetch reacted
strongly with each other. No chemical grounds for the differ-
entiation of these proteins had been found. This result invited
the final conclusion that the respective pairs of proteins were
really identical. Such a conclusion could not safely be drawn,
however, because a number of cases were encountered in which
chemically distinct proteins gave powerful anaphylactic reactions
with each other. Thus the gliadin and glutenin of wheat re-
acted positively with each other as did gliadin from wheat and
hordein from barley and the vicilin from pea with the legumin
from vetch. These reactions were attributed to the existence of
common reactive chemical groups in the respective pairs of pro-
teins. The specificity of the anaphylaxis reaction was therefore
held to depend on the chemical structure of the protein molecule,
but structures sufficiently alike to give rise to this reaction are
only observed in proteins derived from plants that are botani-
cally closely related.

The first public recognition of Osborne's exhaustive work
came from Germany. V. Griessmayer, in 1897, published a
translation of Osborne's papers on vegetable proteins in book
form and stated in the introduction that it was his object "to
bring to light these treasures buried in the American publica-
tions." This encouragement came at a time when few of his
associates or scientific friends had any conception of what his
work meant. In 1900 he was awarded a gold medal by the Paris
Exposition. In 1910 recognition came from Yale University in
the form of an honorary degree of Doctor of Science; and in
the same year he was elected a member of the National Academy
of Sciences and to the presidency of the American Society
of Biological Chemists ; two years later he was made an honorary
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fellow of The Chemical Society (London). In 1914 he was
made a fellow of the American Academy of Arts and Sciences
and in 1921 was elected to the American Philosophical Society;
in 1922 he received the John Scott medal and in the following
year was made a research associate in biochemistry .of Yale
University with full professorial rank. In 1928 he was the
first to receive the Thomas Burr Osborne gold medal founded
by the American Association of Cereal Chemists in recognition
of his outstanding contributions to cereal chemistry.

Osborne's extensive investigations would have been impos-
sible without generous financial support. Throughout the early
years, when results came slowly and their application was by
no means apparent, the directors of the Connecticut Agricul-
tural Experiment Station, at first Professor S. W. Johnson, and
after 1900, Dr. E. II. Jenkins, with the cooperation of an en-
lightened board of control, allowed no interference or distraction
to hinder the progress of the work. After 1904 a large propor-
tion of the financial burden was borne by the Carnegie Institu-
tion of Washington, D. C, of which he was a research associate.
His connections with both the experiment station and the Car-
negie Institution of Washington furnish a striking example of
the value to science of a policy of non-interference on the part
of those in control of the distribution of funds for research.
Except for routine annual reports he was never asked for state-
ments of progress nor for outlines of projects. The relationship
was always one of the utmost mutual confidence and esteem.

The results of many of his investigations were summarized in
a monograph, "The Vegetable Proteins," which first appeared
in 1909 (101) and was thoroughly revised in 1924 (243). This
small volume has become the classical publication in the field.
His extensive studies of wheat proteins were reviewed in 1907
in "The Proteins of the Wheat Kernel" (80), now a standard
book of reference among cereal chemists. Including these and
a few public addresses and popular articles a complete bibliog-
raphy of his publications reaches 252 titles, of which about two
hundred are journal reports of his personal scientific work.

To those who were privileged to be associated with him Os-
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borne was a rare stimulus, a formidable opponent in argument
and an ever genial but just critic. He frequently closed a dis-
cussion with the remark that facts were to be found in the
laboratory, not in books. Naturally shy and retiring, the de-
livery of a public address or of a paper was a severe trial to
which he looked forward with trepidation, but among a small
group of friends he showed himself as a gifted conversationalist,
who was equally able to discuss the latest achievements of sci-
ence, the current political situation, the intricacies of the world
of finance or the faults of the modern educational system. His
most marked characteristics were, perhaps, the thoroughness
with which his problems were investigated and the caution with
which his results were presented to the scientific public. In
the early preparation work each protein was isolated in as many
different ways as possible, the composition finally ascribed to
it was deduced from a large number of carefully conducted
analyses and, where the economic importance of the protein
warranted it, he returned again and again to its study; casein
and the wheat and maize prolamins received extraordinary at-
tention. Time and again he discarded painfully acquired results
to make a fresh start, this time to "do it right," as he expressed
it. His publications, which cover some four thousand printed
pages, are marked by lucidity of style, directness of statement
and freedom from self-conscious literary adornment. All that
he wrote bears the marks of careful editing lest a statement
should to the slightest extent pass the bounds of ascertained fact.

He was more fortunate than most men in that advancing years,
distinctions and scientific recognition did not bring with them
administrative responsibilities which deprived him of the op-
portunity to share in the daily work of the laboratory. His
time was always freely available for discussion, not only with
his associates, but with the innumerable investigators from all
parts of the world who came to New Haven to see him and ask
for advice. Ever kindly and courteous, with keen insight into the
problems of others and an extraordinary wealth of experience
upon which to form his judgments, he has left a memory that will
long be treasured by those who had the privilege of knowing him.
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Thomas B. Osborne

J. Am. Chem. Soc, 21, 486-493 (1899).
48. The Nucleic Acid of the Embryo of Wheat and Its Protein Compounds.

Thomas B. Osborne and George F. Campbell
Rept. Conn. Agr. Bxpt. Sta. for 1899, 305-339 (1900).
Also / . Am. Chem. Soc, 22, 379-413 (1900).

49. The Proteids of the Egg Yolk.
Thomas B. Osborne and George F. Campbell

Rept. Conn. Agr. Bxpt. Sta. for 1899, 339-348 (1900).
Also / . Am. Chem. Soc., 22, 413-422 (1900).

50. The Protein Constituents of Egg White.
Thomas B. Osborne and George F. Campbell

Rept. Conn. Agr. Bxpt. Sta. for 1899, 348-375 (1900).
Also / . Am. Chem. Soc, 22, 422-450 (1900).

51. Ein Hydrolytisches Derivat des Globulins Edestin und sein Verhalt-
niss zu Weyl's Albuminat und zur Histongruppe.

Thomas B. Osborne
Z. physiol. Chem., 33, 225-239 (1901).
Also: A Hydrolytic Derivative of the Globulin Edestin and Its Rela-

tion to Weyl's Albuminate and the Histon Group.
Rept. Conn. Agr. Bxpt. Sta. for 1900, 388-399 (1901).
Also / . Am. Chem. Soc, 24, 28-39 (1902).

52. Der basische Charakter des Proteinmolekuls und das Verhalten des
Edestins zu bestimmten Mengen von Saure und Alkali.

Thomas B. Osborne
Z. physiol. Chem. 33, 240-292 (1901).
Also: The Basic Character of the Protein Molecule and the Re-

actions of Edestin with Definite Quantities of Acids and Alkalies.
Rept. Conn. Agr. Bxpt. Sta, for 1900, 399-441 (1901).
Also / . Am. Chem. Soc, 24, 39-78 (1902).

53. A Type of Reaction by Which Sodium Carbonate and Hydrochloric
Acid May Be Formed in the Animal Organism.

Thomas B. Osborne
Rept. Conn. Agr. Bxpt. Sta. for 1900, 441-442 (1901).
Also Am. J. Physiol, 5, 180-181 (1901).
Also / . Am. Chem. Soc, 24, 138-139 (1902).

54. Sulphur in Protein Bodies.
Thomas B. Osborne

Rept. Conn. Agr. Bxpt. Sta, for 1900, 443-471 (1901).
Also / . Am. Chem. Soc, 24, 140-167 (1902).
Translation: Bestimmung des Schweiels in den Proteinkorpern.

Z. anal. Chem., 41, 25-35 (1902).
55. The Nucleic Acid of the Embryo of Wheat.

Thomas B. Osborne and Isaac F. Harris
Rept. Conn. Agr. Bxpt. Sta. for 1901, 365-430 (1902).
Translation: Die Nucleinsaure des Weizenembryos. Z. physiol.

Chem., 36, 85-133 (1902).
56. Nitrogen in Protein Bodies.

Thomas B. Osborne and Isaac F. Harris
/ . Am. Chem. Soc, 25, 323-353 (1903).
Translation: Bestimmung der Stickstoffbinding in den Protein-

korpern. Z. anal. Chem., 43, 286-298 (1904).
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57. The Specific Rotation of the Nucleic Acid of the Wheat Embryo.
Thomas B. Osborne

Am. J. PhysioL, 9, 69-71 (1903).
58. The Carbohydrate Group in the Protein Molecule.

Thomas B. Osborne and Isaac F. Harris
/ . Am, Chem. Soc, 25, 474-478 (1903).
Translation: Anwendung von Molisch's Reaktion auf vegetabilische

Proteine. Z. anal. Chan., 43, 299-301 (1904).
59. The Precipitation Limits with Ammonium Sulphate of Some Vegetable

Proteins.
Thomas B. Osborne and Isaac F. Harris

/. Am, Chem. Soc, 25, 837-842 (1903).
Translation: Uber die Grenzeu der Fallung mit Ammonsulfat bei

einigen vegetabilischen Proteinen. Z. anal. Chem,. 43, 378-382
(1904).

60. The Specific Rotation of Some Vegetable Proteins.
Thomas B. Osborne and Isaac F. Harris

/ . Am, Chem. Soc, 25, 842-848 (1903).
Translation: Spezifische Drehung einiger vegetabilischen Proteine.

Z. anal. Chem., 43, 372-376 (1904).
61. The Globulin of the English Walnut, the American Black Walnut and

the Butternut.
Thomas B. Osborne and Isaac F. Harris

/. Am. Chem, Soc, 25, 848-853 (1903).
62. The Tryptophane Reaction of Various Proteins.

Thomas B. Osborne and Isaac F. Harris
/ . Am. Chcm.^oc, 25, 853-855 (1903).
Translation: Uber die Tryptophanreaktion verschiedencr Proteine.

Z. anal. Chem., 43, 376-378 (1904).
63. Ricin.

T. B. Osborne and L. B. Mendel
Proc Am. PhysioL Soc. Am. J. Physio!., 10, xxxvi-xxxvii (1904).

64. The Chemistry of the Protein-Bodies of the Wheat Kernel. Part I.
The Protein Soluble in Alcohol and Its Glutaminic Acid Content.

Thomas B. Osborne and Isaac F. Harris
Am. J. PhysioL. 13, 35-44 (1905).
Translation: Uber die Proteinkorper des Weizenkornes. I. Das

in Alkohol losliche Protein und sein Glutaminsauregehalt. Z.
anal. Chem.. 44, 516-525 (1905).

65. The Precipitation Limits with Ammonium Sulphate of Some Vegetable
Proteins. Second Paper.

Thomas B. Osborne and Isaac F. Harris
Am. J. PhysioL. 13, 436-447 (1905).
Translation: Uber die Grenzen der Fallung mit Ammonsulfat bei

einigen vegetabilischen Proteinen. II. Z. anal. Chem.. 45, 693-
702 (1906).

66. Further Studies on Ricin.
Thomas B. Osborne and Lafayette B. Mendel

Proc Am. PhysioL Soc, Am. J. PhysioL, 13, xxxii (1905").
67. On the Chemical and Physiological Properties of Ricin.

Thomas B. Osborne and Lafayette B. Mendel
Am. Mcd., 9, 1028 (1905).
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68. The Solubility of Globulin in Salt Solution.
Thomas B. Osborne and Isaac F. Harris

Am. J. PhysioL, 14, 151-171 (1905).
Translation: liber die Loslichkeit des Globulins in Salzlosungen.

Z. anal. Chem., 45, 733-741 (1906).

69. A Study of the Proteins of the Castor-Bean with Special Reference to
the Isolation of Ricin.

Thomas B. Osborne, Lafayette B. Mendel and Isaac F. Harris
Am. J. PhysioL, 14, 259-286 (1905).
Translation: Uber die Proteine der Rizinusbohne mit spezieller

Beriicksichtigung des Rizins. Z. anal. Chem., 46, 213-222 (1907).

70. The Proportion of Glutaminic Acid Yielded by Various Vegetable
Proteins When Decomposed by Boiling with Hydrochloric Acid.

Thomas B. Osborne and Ralph D. Gilbert
Am. J. PhysioL, IS, 333-356 (1906).

71. The Chemistry of the Protein Bodies of the Wheat Kernel. Part II.
Preparation of the Protein in Quantity for Hydrolysis.

Thomas B. Osborne and Isaac F. Harris
Am. J. PhysioL, 17, 223-230 (1906).
Translation: Die Chemie der Proteinktirper des Weizenkornes. II.

Darstellung der Proteine in geniigender Menge fiir die Hydrolyse.
Z. anal. Chem., 46, 749-756 (1907).

72. The Chemistry of the Protein Bodies of the Wheat Kernel. Part III.
Hydrolysis of the Wheat Proteins.

Thomas B. Osborne and S. H. Clapp
Am. J. PhysioL, 17, 231-265 (1906).
Translation: Die Chemie der Proteinkorper des Weizenkornes.

III. Hydrolyze der Weizen-Proteine. Z. anal. Chem., 47, 81-
105 (1908).

73. A New Decomposition Product of Gliadin.
Thomas B. Osborne and S. H. Clapp

Am. J. PhysioL, 18, 123-128 (1907).
Translation: Ein neues Zersetzungsprodukt des Gliadins. Z. anal.

Chem., 48, 429-433 (1909).
74. Hydrolysis of Phaseolin.

Thomas B. Osborne and S. H. Clanp
Am. J. PhysioL, 18, 295-308 (1907).
Translation: Hydrolyse des Phaseolins. Z. anal. Chem., 48, 98-

108 (1909).

75. The Heat of Combustion of Vegetable Proteins.
Francis G. Benedict and Thomas B. Osborne

/ . Biol. Chem., 3, 119-133 (1907).
Translation: Die Verbrennungswarme der vegetabilischen Proteine.
Thomas B. Osborne und Francis G. Benedict. Z. anal. Chem., 49,

270-283 (1910).

76. Hydrolysis of Excelsin.
Thomas B. Osborne and S. H. Clapp

Am. J. PhysioL, 19, 53-60 (1907).
Translation :'Hydrolyse des Exzelsins. Z. anal. Chem., 48, 616-

622 (1909).
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77'. Hydrolysis of Hordein.
Thomas B. Osborne and S. H. Clapp

Am. J. Physiol., 19, 117-124 (1907).
Translation: Hydrolyse des Hordeins. Z. anal. Chcm., 47, 590-

597 (1908).
78. The Proteins of the Pea (Pisum sativum).

Thomas B. Osborne and Isaac F. Harris
/ . Biol. Chem., 3, 213-217 (1907).
Translation: Die Proteine der Erbse. Z. anal. Chem., 49, 142-146

(1910).
79. Hydrolysis of Legumin from the Pea.

Thomas B. Osborne and S. H. Clapp
/ . Biol. Chem., 3, 219-225 (1907).
Translation: Hydrolyse des Erbsenlegumins. Z. anal. Chem., 48,

692-698 (1909).
80. The Proteins of the Wheat Kernel.

Thomas B. Osborne
Carnegie hist. Wash. Pub. No. 84, pp. 119 (1907).

81. Hydrolysis of Glycinin from the Soy Bean.
Thomas B. Osborne and S. H. Clapp

Am. J. Physiol., 19, 468-474 (1907).
Translation: Hydrolyse des Glyzinins aus der Sojabohne. Z. anal.

Chem., 48, 623-628 (1909).
82. Hydrolysis of the Crystalline Globulin of the Squash Seed (Cucurbita

maxima).
Thomas B. Osborne and S. H. Clapp.

Am. J. Physiol., 19, 475-481 (1907).
Translation: Hydrolyse des kristallinischen Globulins des Kiirbis-

satnens (Cucurbita maxima). Z. anal. Chem., 49, 146-152
(1910).

83. Hydrolysis of Amandin from the Almond.
Thomas B. Osborne and S. H. Clapp

Am. J. Physiol., 20, 470-476 (1908).
84. Hydrolysis of the Proteins of Maize, Zea mays.

Thomas B. Osborne and S. H. Clanp
Am. J. Physiol., 20, 477-493 (1908).

85. The Hydrolysis of Gliadin from Rye.
Thomas B. Osborne and S. H. Clapp.

Am. J. Physiol, 20, 494-499 (1908).
86. The Pyrimidine Derivatives in Triticonucleic Acid.

Thomas B. Osborne and F. W. Heyl
Proc. Am. Physiol. Soc., Am. J. Physiol., 21, xxi (1908).

87. The Pyrimidine Derivatives in Nucleic Acid.
Thomas B. Osborne and F. W. Heyl

Am. J. Physiol, 21, 157-161 (1908).
88. The Biological Relations of Seed Proteins.

Thomas B. Osborne
Proc. Soc. Exptl. Biol. Med., 5, 105-107 (1908).

89. Hydrolysis of Vignin of the Cow-Pea (Vigna sinesis).
Thomas B. Osborne and Frederick W. Heyl

Am. J. Physiol, 22, 362-372 (1908).
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90. Hydrolysis of Vetch Legumin.
Thomas B. Osborne and Frederick W. Heyl

Am. J. Physiol., 22, 423-432 (1908).
91. Hydrolysis of Chicken Meat.

Thomas B. Osborne and Frederick W. Heyl
Am. J. Physiol, 22, 433-439 (1908).

92. Hydrolysis of Vicilin from the Pea (Pisum sativum).
Thomas B. Osborne and Frederick W. Heyl

/ . Biol. Chem., 5, 187-195 (1908).

93. Hydrolysis of Legumelin from the Pea (Pisum sativum).
Thomas B. Osborne and Frederick W. Heyl

/ . Biol. Chem.,, 5, 197-205 (1908).
94. Our Present Knowledge of Plant Proteins.

Thomas B. Osborne
Science, N. S., 28, 417-427 (1908).
Translation: Unsere gegenwartige Kenntnis der Pflanzenproteine.

Wochschr. Brau., 26, 21-25 (1909).
Also Z. Spiritusind., 32, 323-325 (1909).

95. Hydrolysis of Fish Muscle.
Thomas B. Osborne and Frederick W. Heyl

Am. J. Physiol, 23, 81-89 (1908).

96. The Different Forms of Nitrogen in Proteins.
Thomas B. Osborne, C. S. Leavenworth and C. A. Brautlecht

Am. J. Physiol, 23, 180-200 (1908).

97. Hydrolysis of Vitellin from the Hen's Egg.
Thomas B, Osborne and D. Breese Jones

Am. J. Physiol, 24, 153-160 (1909).

98. Hydrolysis of the Muscle of Scallop (Pectens irradians).
Thomas B. Osborne and D. Breese Jones

Am. J. Physiol, 24, 161-169 (1909).

99. Hydrolysis of Crystallized Albumin from Hen's Egg.
Thomas B. Osborne, D. Breese Jones and Charles S. Leavenworth

Am. J. Physiol, 24, 252-262 (1909).

100. Darstellung der Proteine der Pflanzenwelt.
Thomas B. Osborne

Handbuch der biochemischen Arbeitsmethoden, herausgegeben von
Emil Abderhalden, Berlin, 2, 270-334 (1909).

101. The Vegetable Proteins.
Thomas B. Osborne

Longmans, Green and Co., London, pp. xiii + 125 (1909).
102. Hydrolysis of Ox Muscle.

Thomas B. Osborne and D. Breese Jones
Am. J. Physiol, 24, 437-446 (1909).

103. Samuel William Johnson.
Thomas B. Osborne

Science, N. S., 30, 385-389 (1909).
104. Die Pflanzenproteine.

Thomas B. Osborne
Brgebnisse Physiol, 10, 47-215 (1910).
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105. Some Modifications of the Method in Use for Determining the Quan-
tity of Mono-Amino-Acids Yielded by Proteins When Hydrolyzed with
Acids.

Thomas B. Osborne and D. Breese Jones
Am. J. Physiol, 26, 212-228 (1910).

106. Notes on the Analysis of Edestin and Zein.
Thomas B. Osborne and L. M. Liddle

Am. J. Physiol, 26, 295-304 (1910).
107. A Consideration of the Sources of Loss in Analyzing the Products of

Protein Hydrolysis.
Thomas B. Osborne and D. Breese Jones

Am. J. Physiol, 26, 305-328 (1910).
108. Die Proteine der Pflanzenwelt.

Thomas B. Osborne
Biochemisches Handlexikon, herausgegeben von Emil Abderhalden,

Berlin, 4, 1-50 (1910).
109. The Separation and Estimation of Aspartic and Glutaminic Acids.

Thomas B. Osborne and L. M. Liddle
Am. J. Physiol, 26, 420-425 (1910).

110. Biographical Memoir of Samuel William Johnson, 1830-1909.
Thomas B. Osborne

Nat. Acad. Set Biographical Mem., 7, 203-222 (1911).
111. The Biological Reactions of the Vegetable Proteins, I. Anaphylaxis.

H. Gideon Wells and Thomas B. Osborne
/ . Infectious Diseases, 8, 66-124 (1911).

112. Feeding Experiments with Mixtures of Isolated Food Substances.
Thomas B. Osborne and Lafayette B. Mendel

Proc. Am. Physiol Soc, Am. J. Physiol, 27, xxvi (1911).
113. Hydrolysis of Casein.

Thomas B. Osborne and H. H. Guest
/ . Biol Chem., 9, 333-353 (1911).

114. Feeding Experiments with Isolated Food-Substances.
Thomas B. Osborne and Lafayette B. Mendel

Carnegie Inst. Wash. Pub. No. 156, pp. 53 (1911).
115. Feeding Experiments with Isolated Food-Substances.

Thomas B. Osborne and Lafayette B. Mendel
Carnegie Inst. Wash. Pub. No. 156, Part II, pp. 55-138 (1911).

116. Analysis of the Products of Hydrolysis of Wheat Gliadin.
Thomas B. Osborne and H. H. Guest

/ . Biol Chem., 9, 425-438 (1911).
117. The Chemistry of the Proteins.

Thomas B. Osborne
The Harvey Lectures, Series 6, 67-89 (1910-1911).

118. The Role of Different Proteins in Nutrition and Growth.
Thomas B. Osborne and Lafayette B. Mendel

Science, N. S. 34, 722-732 (1911).
119. The Role of Proteins in Growth.

Thomas B. Osborne and Lafayette B. Mendel
Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 11, xxii (1912).
Also Proc. Am. Physiol. Soc, Am. J. Physiol, 29, xii (1911-12).

120. Maintenance and Growth.
Thomas B. Osborne and Lafayette B. Mendel

Proc. Am. Soc. Biol. Chem., J. Biol Chem., 11. xxxvii (1912).
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121. Growth and Maintenance on Purely Artificial Diets.
Thomas B. Osborne and Lafayette B. Mendel

Proc. Soc. Bxptl. Biol. Med., 9, 72 (1912).
122. Feeding Experiments with Fat-Free Food Mixtures.

Thomas B. Osborne and Lafayette B. Mendel
Proc. Soc. Bxptl. Biol. Med., 9, 73 (1912).

123. Feeding Experiments with Fat-Free Food Mixtures.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 12, 81-89 (1912).

124. Ein Stoffwechselkafig und Fiitterungsvorrichtungen fur Ratten.
Thomas B. Osborne und Lafayette B. Mendel

Z. biol. Tech. Methodik, 2, 313-318 (1912).

125. Beobachtungen iiber Wachstum bei Fiitterungsversuchen mit isolier-
ten Nahrungssubstanzen.

Thomas B. Osborne und Lafayette B. Mendel
Z. physiol. Chem., 80, 307-370 (1912).

126. The Role of Gliadin in Nutrition.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 12, 473-510 (1912).

127. Report on the Separation of Nitrogenous Bodies (Vegetable Proteins).
Thomas B. Osborne

Proc. 29th Annual Convention Assocn. Official Agr. Chem., U. S.
Dept. Agr., Bur. Chem., Bull. 162, 154-159 (1912).

128. Maintenance Experiments with Isolated Proteins.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 13, 233-276 (1912).
129. Feeding Experiments Relating to the Nutritive Value of the Proteins

of Maize.
Thomas B. Osborne and Lafayette B. Mendel

Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 14, xxxi-xxxii (1913).
Also Proc. Am. Physiol. Soc, Am. I. Physiol, 31, xvi (1913).

130. The Nutritive Value of the Proteins of Maize.
Thomas B. Osborne

Science, N. S., 37, 185-191 (1913).
131. Is the Specificity of the Anaphylaxis Reaction Dependent on the Chemi-

cal Constitution of the Proteins or on Their Biological Relations? The
Biological Reactions of the Vegetable Proteins. II.

H. Gideon Wells and Thomas B. Osborne
J. Infectious Diseases, 12, 341-358 (1913).

132. Do Gliadin and Zein Yield Lysine on Hydrolysis?
Thomas B. Osborne and Charles S. Leavenworth

/ . Biol. Chem., 14, 481-487 (1913).
133. Heinrich Ritthausen.

Thomas B. Osborne
Biochem. Bull., 2, 335-339 (1913).

134. The Relation of Growth to the Chemical Constituents of the Diet.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 15, 311-326 (1913).

135. The Influence of Butter-Fat on Growth.
Thomas B. Osborne and Lafayette B. Mendel

Proc. Soc. Bxptl. Biol. Med., 11, 14-15 (1913).
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136. The Influence of Butter-Fat on Growth.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 16, 423-437 (1913).
137. Some Problems of Growth.

Thomas B. Osborne and Lafayette B. Mendel
Proc. Am. Physiol. Soc, Am. J. Physiol., 33, xxviii (1914).
Also Proc. Am. Soc. Biol. Chem., J. Biol. Chem,, 17, xxiii (1914).

138. The Biological Reactions of the So-Called Proteoses of Seeds.
H. Gideon Wells and Thomas B. Osborne

Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 17, xxvi-xxvii (1914).
139. The Immunological Relationship of Hordein of Barley and Gliadin of

Wheat as Shown by the Complement Fixation, Passive Anaphylaxis, and
Precipitin Reactions. The Biological Reactions of the Vegetable Pro-
teins. IV.

Gleason C. Lake, Thomas B. Osborne and H. Gideon Wells
/ . Infectious Diseases, 14, 364-376 (1914).

140. The Anaphylactogenic Activity of Some Vegetable Proteins. The
Biological Reactions of the Vegetable Proteins. V.

H. Gideon Wells and Thomas B. Osborne
/ . Infectious Diseases, 14, 377-384 (1914).

141. Amino-Acids in Nutrition and Growth.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 17, 325-349 (1914).
142. The Influence of Cod Liver Oil and Some Other Fats on Growth.

Thomas B. Osborne and Lafayette B. Mendel
/ . Biol. Chem., 17, 401-408 (1914).

143. Nutritive Properties of Proteins of the Maize Kernel.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 18, 1-16 (1914).
144. The Suppression of Growth and the Capacity to Grow.

Thomas B. Osborne and Lafayette B. Mendel
/ . Biol. Chem., 18, 95-106 (1914).

145. The Contribution of Bacteria to the Feces After Feeding Diets Free
from Indigestible Components.

Thomas B. Osborne and Lafayette B. Mendel
/ . Biol. Chem., 18, 177-182 (1914).

146. The Influence of Beef Fat on Growth.
Thomas B. Osborne and Lafayette B. Mendel

Proc. Soc. Bxptl. Biol. Med., 12, 92 (1915).
147. Proteine der Pflanzenwelt.

Thomas B. Osborne
Biochemiscb.es Handlexikon, herausgegeben von Emil Abderhalden.

Berlin, 9 (2. Erganzungsband), 1-11 (1915).
148. The Comparative Nutritive Value of Certain Proteins in Growth, and

the Problem of the Protein Minimum.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 20, 351-378 (1915).
149. Further Observations of the Influence of Natural Fats upon Growth.

Thomas B. Osborne and Lafayette B. Mendel
/ . Biol. Chem., 20, 379-389 (1915).

150. Does Butter-Fat Contain Nitrogen and Phosphorus?
Thomas B. Osborne and Alfred J. Wakeman

/ . Biol. Chem., 21, 91-94 (1915).
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151. The Anaphylactic Reaction with So-Called Proteoses of Various Seeds.
The Biologic Reactions of the Vegetable Proteins. VI.

H. Gideon Wells and Thomas B. Osborne
/ . Infectious Diseases, 17, 259-275 (1915).

152. Some New Constituents of Milk. First Paper. The Phosphatides of
Milk.

Thomas B. Osborne and Alfred J. Wakeman
/ . Biol. Chem., 21, 539-550 (1915).

153. Protein Minima for Maintenance.
Thomas B. Osborne and Lafayette B. Mendel

/ . Biol. Chem., 22, 241-258 (1915).
154. Some Products of Hydrolysis of Gliadin, Lactalbumin, and the Protein

of the Rice Kernel.
Thomas B. Osborne, Donald D. Van Slyke, Charles S. Leavenworth,

and Mariam Vinograd
/ . Biol. Chem., 22, 259-280 (1915).

155. Experimental Observations on Certain Phenomena of Growth.
Thomas B. Osborne and Lafayette B. Mendel

Science, N. S. 42, 681 (1915).
156. The Resumption of Growth After Long Continued Failure to Grow.

Thomas B. Osborne and Lafayette B. Mendel
/ . Biol. Chem., 23, 439-454 (1915).

157. Growth.
Lafayette B. Mendel and Thomas B. Osborne

/ . Lab. Clin. Med., 1, 211-216 (1916).
Also Internat. J. Orthodontia, 2, 616-622 (1916).

158. The Stability of the Growth-Promoting Substance in Butter Fat.
Lafayette B. Mendel and Thomas B. Osborne

Proc. Am. Soc. Pharmacol., J. Pharmacol., 8, 109 (1916).
159. The Stability of the Growth-Promoting Substance in Butter Fat.

Thomas B. Osborne and Lafayette B. Mendel
/ . Biol. Chem., 24, 37-39 (1916).

160. Acceleration of Growth After Retardation.
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fied by Further Experiments with Lysine and Tryptophane.
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H. Gideon Wells and Thomas B. Osborne
/ . Infectious Diseases, 19, 183-193 (1916).
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220. The Effect of Alkali on the Efficiency of the Water-Soluble Vita-
mine B.

Thomas B. Osborne and Charles S. Leavenworth
/. Biol. Chem., 45, 423-426 (1921).

221. Does Growth Require Preformed Carbohydrate in the Diet?
Thomas B. Osborne and Lafayette B. Mendel
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Thomas B. Osborne, Alfred J. Wakeman and Charles S. Leavenworth
/ . Biol. Chem., S3, 411-429 (1922).
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Thomas B. Osborne, Lafayette B. Mendel and Edwards A. Park

Proc. Soc. Exptl. Biol. Med., 21, 87-90 (1923).
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Thomas B. Osborne and Lafayette B. Mendel
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250. Physiological Effects of Diets Unusually Rich in Protein or Inorganic
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Thomas B. Osborne, Lafayette B. Mendel, Edwards A. Park and Mil-
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251. A Review of Hypotheses of the Structure of Proteins.
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OBITUARY NOTICES

Science, 69, 385-389 (1929), (H. B. Vickery and L. B. Mendel).
Carnegie Institution of Washington, Year Book No. 28, 2 (1929), (J. C.

Merriam).
Journal of Biological Chemistry, 81, (1929), (L. B. Mendel).
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The Yale Journal of Biology and Medicine, 1, 187-191 (1929), (H. B.
Vickery).

Experiment Station Record, 60, 701-706 (1929), (H. L. Knight).
American Journal of Science, 17 (April, 1929), (L. B. Mendel).
Journal of the Chemical Society, p. 2974-2976 (1929), (H. D. Dakin).
The Yale Alumni Weekly, p. 576 (Feb. 8, 1929).
Nature, 123, 613 (1929), (A. C. Chibnall).
Bulletin de la sociHe scientifique d'hygiene alimentaire, 17, 401-404 (1929).
Ware-ra no Kwa-gaku (Kyoto), 2, 283-284 (1929), (R. Nakaseko).

Most of the biographical and other notices, together with a number of Os-
borne's papers and manuscripts of general interest, and a complete bibliog-
raphy, have been published as a memorial by the Connecticut Agricultural
Experiment Station (Bulletin No. 312, February 1930). A notice may also
be found in the Dictionary of American Biography, published in New York
for the American Council of Learned Societies (1931).
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