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Scientific Worthies 
XLVIII. Sir Frederick Gowland Hopkins, O.M., F.R.S. 

I F we consider the development of organic 
chemistry from its early beginnings to the 

present day, we may come to the conclusion that 
progress has in some measure taken place in a 
circle. In the early days the substances offered by 
Nature and occurring in the metabolism of plants 
and animals were the objects of investigation, and 
the isolation, purification and analysis of such 
substances have added lustre to the names of 
many chemists. Interest in the chemical elucida
tion of 'natural products' did not indeed decline 
during the past century (we need only mention 
the investigations of Emil Fischer on the purines, 
carbohydrates and proteins), but relatively this 
work absorbed less energy and yielded fewer 
results in comparison with the great problems of 
structural chemistry and the classification of 
organic compounds based thereon. 

The building of the edifice of organic chemistry 
in the second half of the nineteenth century was 
an experimental achievement almost unequalled. 
Although important theoretical and practical 
problems still remain to be solved by organic 
chemistry, we can, nevertheless, recognize that 
since the beginning of the present century many 
leading representatives of the discipline are 
desirous of applying the experience and systematic 
knowledge already gained to a still more important 
problem, the elucidation of vital processes. 

The trickle which a hundred years ago supplied 
the stimulus for the chemical investigation of 
animals and plants, has swollen to a mighty 
stream, and in the same measure the methods and 
the experimental resources of the modern chemist 
have multiplied. Whilst round about the year 
1820 only two or three dozen organic compounds 

were known (naturally those which are most 
abundant and most easily isolated), there is to-day 
an ordered system among the very diverse materials 
which build up the plant and the animal, and the 
individual substances composing them have been 
separated. The perfection of micro-methods, both 
preparative and analytical, has enabled the in
vestigator to enter a field previously inaccessible, 
to tackle substances which previously eluded him 
on account of their minute concentration. At the 
same time, the application of the resources of 
classical organic chemistry has made possible the 
synthesis of highly complicated natural products ; 
the importance of this work is obvious when com
pared with the first 'bio-synthesis', of urea, more 
than a hundred years ago. 

We should, however, clearly grasp that the 
development of organic chemistry during the 
present century, thus briefly indicated, is only 
preliminary to the investigation of the chemical 
reactions which take place in the living cell. Yet 
for the study of these reactions such a preliminary 
was quite indispensable. Without accurate 
chemical knowledge of all the substances taking 
part in metabolism, the greatest problem of bio
logical research, the elucidation of vital processes, 
entirely lacks foundation. We have only to 
imagine how far the study of the biological de
gradation of polysaccharides would have proceeded 
without the most complete knowledge of the con
stitution and configuration of the substances 
formed in this process. 

The analytical branch of biochemical research is 
itself only a subsidiary science, albeit very im
portant and indeed indispensable, yet ancillary to 
that discipline which for purposes of classification 
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should be separated off as physiological chemistry 
or dynamic biochemistry. The methods of the 
analytical branch are essentially the same as those 
of the pure organic chemistry, and hence it does 
not seem expedient, for example, to describe as a 
biochemist one who is engaged in the elucidation 
of the constitution of an alkaloid or of a vegetable 
colouring matter. His work differs neither in 
nature nor in purpose from that of a chemist who 
aims at explaining the constitution of a con
stituent of coal tar or of some condensation product 
produced in vitro. 

The elementary chemical foundations of the 
physiology of nutrition were the first to be laid 
down. The three chief divisions of food materials 
-the carbohydrates, the fats and the proteins
were already fairly well known, when in the last 
quarter of the nineteenth century the processes of 
digestion were studied and when, especially with 
the aid of the heats of combustion, the energy 
balance of warm-blooded animals could be drawn 
up. The physiological problem of nutrition seemed 
to have been solved. The administration of the 
requisite number of calories, calculated from the 
total metabolism and supplied in the form of the 
three main groups, with due regard to the protein 
requirements indicated by the nitrogen meta
bolism, was thought to be the practical solution 
of the problem, verifiable by animal experiment. 
This was a time when restaurants in many countries 
listed on their bills of fare the calorie value of the 
dishes supplied to their patrons. 

It was about this time that Frederick Gowland 
Hppkins entered the scientific arena. Born in 
1861, he did not take up the study of medicine 
until rather late-at twenty-seven years of age. 
Chemistry he had taught himself, and it is indic
ative of his leaning towards this subject that one 
of his first scientific investigations was devoted to 
a quite difficult chemical problem, that of the 
white wing-pigments of butterflies (Pieridre). 
Among other leading results of his purely chemical 
work the isolation of tryptophane and of gluta
thione deserve special mention. They show at 
the same time where the centre of Hopkins' 
biochemical interests lies, namely, in protein. 

Hopkins' most important achievement, which 
led to the discovery of the vitamins, developed 
from that phase of nutritional physiology which 
was briefly indicated above. He was the first to 
show that carbohydrate, fat, protein and inorganic 
salts, even when supplied in adequate amounts, do 
not suffice to maintain metabolic equilibrium. His 

experiments, planned on an extensive scale, were 
the first to be carried out with rats as experimental 
animals, and showed that other substances besides 
the above categories must be present in the food ; 
these, the accessory food factors, were later named 
vitamins as the result of a less happy suggestion 
by C. Funk. 

It may be worth while to consider more closely 
this second period of nutritional physiology. There 
is scarcely a great scientific discovery which has 
emerged suddenly, without portent, from the brain 
of the investigator, as did Athene from the head 
of Zeus. As a rule, we become aware of forebodings, 
felt here or there, indications and observations, 
which create the atmosphere for the great dis
covery. That man does not live by bread alone
we may slightly vary the Biblical phrase-was 
already indicated more than fifty years ago (1881) 
by work from the Basle Physiological Institute. 
Lundin, a pupil of Gustav Bunge, was the first to 
show that mice could not be kept alive on a diet 
which had been compounded from the previously 
isolated constituents of milk, that is, from its 
carbohydrates, fats, proteins and inorganic salts. 
This important observation, which was confirmed 
ten years later by Socin, also working in Bunge's 
institute, was not followed by further research in 
the same direction. Impressed by the nutritional 
importance of inorganic salts, investigators were 
inclined to attribute the observed deficiency 
phenomena to a disturbance of the combination 
between these salts and the organic material, as 
a result of working up the milk. 

In his Nobel Lecture, Hopkins acknowledges 
the merit of the Dutch physiologist Pekelharing 
in having attributed the nutritional insufficiency 
of the milk, thus separated into its main con
stituents, to the absence of unknown substances 
present also in other food materials ; thus the 
vitamin concept was first clearly expressed. 
Pekelharing's paper, published in a somewhat 
inaccessible journal, only became known after 
vitamin research had already become extensive. 
The most important foundation for the develop
ment of such research was laid by the well-known 
work of Christian Eijkman on the causation of 
beriberi disease (1903). It was somewhere about 
this time that Hopkins began his investigations of 
the vitamin problem, investigations planned on 
an ample scale and based on clear theoretical 
conceptions. The great advance which they 
brought consisted in an experimental proof of the 
main idea, that the deficient nutrition resulting 
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from the administration of the necessary calories, 
proteins and salts in the form of a 'synthetic' diet, 
is caused by the absence of factors necessary for 
life. Thus the concept of accessory nutritional 
factors was formulated by Hopkins, and so the 
vitamins became recognized as a new and indis
pensable group of foodstuffs. 

Although Hopkins did not himself isolate any of 
the vitamins, of which he studied the effects
chiefly A and B-we are yet fully justified in 
regarding him as the spiritual father of vitamin 
chemistry. It was only by his clear physiological 
characterization of this group of substances that 
the field was prepared for the intervention of the 
analytical biochemist, to whom we now owe so 
extensive a knowledge of the vitamins hitherto 
isolated, knowledge gained in a remarkably short 
time. Closely connected with the study of the 
deficiency diseases due to the lack of vitamins, 
there are a number of similar investigations on the 
need for individual amino-acids formed in the 
hydrolysis of proteins. These researches Hopldns 
carried out by means of the same experimental 
methods ; it might be said that they were ushered 
in by that chemical showpiece, the isolation and 
purification of tryptophane by means of its mer
cury compound. How important it is to have 
absolutely pure substances for physiological ex
periments is shown by the history of the discovery 
of vitamin D, which for a long time was identified 
a3 irradiated cholesterol, until Windaus and 
Rosenheim recognized that ergosterol was also 
present in apparently pure cholesterol preparations. 

The work of P. Lowi and E. Abderhalden had 
shown that the mixture of amino-acids represented 
hy artificially digested protein is just as suitable 
for nutrition as protein itself. By chemical methods 
it is possible to remove from the mixture one or 
other amino-acid, and Hopkins utilized this pos
sibility to test the nutritional importance of in
dividual constituents, by administering to animals 
the residue (together with non-nitrogenous food
stuffs) remaining in each case after removal 
of the amino-acid to be tested. The absence of the 
aliphatic amino-acids such as alanine, leucine and 
glutamic acid, does not adversely affect growth. 
If, however, tryptophane, or cystine, or histidine, 
or arginine has been removed from the mixture, a 
sharp decline in the weight of the animal is ob
served. These experiments give some idea of the 
synthetic powers of the mammalian organism, 
which is evidently able to build up the simple 
amino acids, but fails in respect of the heterocylic. 

It has been suggested that histidine and arginine 
can replace one another mutually, and in that case 
the cell would be able to change arginine into 
histidine, a process which is not yet susceptible of 
chemical explanation. Likewise we have no under
standing of the mechanism of the conversion of 
these amino-acids into nucleo-purines, which 
Hopkins' experiments renderedextremelyprobable. 

Notwithstanding his preference for the bio
chemistry of protein and of other nitrogenous 
metabolites of the cell, Hopkins some thirty years 
ago made a singularly successful excursion into 
the field of carbohydrates. In conjunction with 
Walter Fletcher, he carried out a careful quanti
tative study of the formation of lactic acid in 
muscle. Conditions were discovered under which 
lactic acid is formed and again disappears ; thus 
a solid foundation was laid for later and very 
successful work by others in this important field. 

A few years after the end of the Great War, a 
generous benefaction enabled Hopkins to build a 
modern research institute at Cambridge, where he 
had occupied a chair of biochemistry since 1914. 
The group of workers who were collected here 
under his leadership developed in the course of a 
few years into a most successful centre of bio
chemical research, into a universitas of the dis
cipline. A large number of young investigators
some with medical, some with chemical training, 
foreigners as well as natives-are at work there, 
almost exclusively in the field which we have 
described above as dynamic biochemistry. Many 
striving young biochemists, from all over the 
world, have sought instruction and stimulus in 
this important centre of research. 

The close connexion between the investigation 
of vital processes and the analytical branch of 
biochemistry may be illustrated by reference to 
two natural products, both discovered at Cam
bridge, namely glutathione and cytochrome. The 
isolation of glutathione by Hopkins, a brilliant 
chemical achievement, brought in its train a very 
full programme of work in physiological chemistry, 
which occupied the Institute for several years. 
The history of the discovery of this tripeptide, 
composed of cysteine, glutamic acid and glycine, 
is characteristic. At first it was regarded as the 
dipeptide glutaminyl cysteine, until after a few 
years it was recognized that, by the original 
method of isolation, the glycine comp)nent was 
lost. A more delicate method of isolation then 
furnished the native product, which is actually 
present in most cells. Glutathione combines in its 
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mode of reaction the role of hydrogen a-cceptor 
with that of hydrogen donator according to the 
scheme 

-2H 
2 Gl-SH :::= Gl-S.S-Gl, 

+2H 

and is probably able, in consequence of this 
reversible function, to act as an intermediary in 
the chain of biochemical dehydrogenation pro
cesses. It is certain that it functions as an activator 
of animal proteases and of the enzyme methyl 
glyoxalase. Here there is doubtless a catalytic 
transference of hydrogen, in which process gluta
thione is probably concerned according to the 
equation: 
CH3.CO.CH(OH)2 + Gl.S.S.Gl-+ CH3.CO.C02H + 2Gl.SH 
hydrate form of methyl glyoxal ... CH3 .CHOH.COOH + 

GIS.SGI 

Cytochrome is even much more closely concerned 
with the transference of hydrogen in intracellular 
oxidative processes. 

During the last fifteen years or thereabouts, 
research in the Institute under Hopkins' direction 
has been centred on vital oxidation processes. The 
purification of the dehydrogenating enzyme of 
milk (Schardinger's enzyme) and a study of its 
mode of action have occupied much attention. 
An important result has been the demonstration 
(by Dixon) that in the aerobic degradation of 
hypoxanthine and xanthine to uric acid by this 
enzyme, hydrogen peroxide is formed. Whilst 
on one hand the intermediate occurrence of 
hydrogen peroxide in cellular metabolism was 
thereby rendered probable, it was shown on the 
other (by Elliott) that peroxidative ferments also 
occur in the cell. 

The principle of the hydrogen shift (dismutation), 
which governs the mechanism of alcoholic fer
mentation, has been carefully studied, especially in 
the metabolism of bacteria and other micro
organisms (by Quastel). The significance of inter
molecular hydrogen transport in relation to the 
oxidative degradation of food material has already 
been mentioned in connexion with glutathione. 
The Institute at Cambridge has taken a prominent 
part in the modern development of the theory of 
vital oxidation, according to which hydrogen, the 
principal fuel of the cell, becomes combined with 
oxygen via several intermediate- stages, not unlike 
a mountain torrent which finds its level over 
several waterfalls. The importance of this re
gulatory mechanism had already been pointed 
out by Hopkins in 1926 in his lecture to the 
International Physiological Congress at Stockholm. 

The most important experimental result in this 
field was furnished by the work on cytochrome, 
which shows that this colouring matter, related 
to hremin, possesses in its C-component the 
capacity to combine with the hydrogen of succinic 
and lactic acids when this hydrogen is activated 
by a specific dehydrogenase ; then, again under 
the influence of an enzyme, the hydrogen is given 
up to molecular oxygen (Kellin, Green). 

Succinic acid is dehydrogenated in this way to 
fumaric acid. With fumaric acid as hydrogen 
acceptor, Bacterium coli is liable to 'burn' d-glucose 
anrerobically, as rapidly as in the presence of 
molecular oxygen (Krebs). Since the great power 
of fumarates (and, according to Krebs, also of 
pyruvates) to transfer hydrogen has also been 
demonstrated in animal tissues (Szent-Gyorgyi), 
we have already some insight into the chemical 
possibilities and the devious ways open to hydrogen 
when activated by enzymes either rerobically or 
anrero bically. 

Further light has been thrown on the bio
chemistry of hydrogen by the careful study of 
micro-organisms capable of using the element 
itself for purposes of hydrogenation or for the 
formation of water. These organisms may be 
contrasted with those which elimir:.ate molecular 
hydrogen (Stephenson, Stickland). A particularly 
interesting example of this elimination, caused 
by the hitherto unknown enzyme hydrogenlyase, 
results in a novel transformation of amino-acids. 
Thus, for example, the hydrogen activated in the 
dehydrogenation of alanine is capable of splitting 
glycine into acetic acid and ammonia, according 
to the equation : 

CH3 CH3 

H02C.CH2 + HC.C02H -+ H02C.CH3 + CC02H + NH. 
NH2 NH2 NH 

CHs H,O 
C.C02H --+ 

NH 

There is scarcely a section of physiological 
chemistry which during the last fifteen years 
has not engaged the attention of the Cambridge 
Institute under Hopkins' direction. The output 
of papers, revealing the influence of the master in 
all directions, amounts to more than six hundred. 
In them we find vitamin studies continued in the 
direction of nutritional physiology, fundamental 
work on general, and especially on embryonic 
metabolism (Needham), and also papers on the 
virus problem (Pirie), to mention but a few of the 
principal topics. 
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This exemplary organization of research, which 
has brought the Cambridge School into the van 
of biochemical progress, has had a powerful 
influence on the development of the subject in all 
countries in which it is studied. In addition, the 

personal efforts of the leader, who on many 
occasions has insisted on the claims of biochemical 
studies and has pleaded for their intensive prosecu
tion, have had an enduring effect on the status 
of the discipline. H. WIELAND. 

The Naming of Plants 
The "Critica Botanica,. of Linnceus 
Translated by the late Sir Arthur Hort. Revised 
by Miss M. L. Green. (Ray Society Series, No. 
124.) Pp. xxvii+239. (London: Bernard 
Quaritch, Ltd., 1938.) 12s. 6d. 

T HE publication of Sir Arthur Hort's scholarly 
translation of Linnreus's "Critica Botanica" 

is not only a very useful contribution to botanical 
science but also its appearance at the present time 
is singularly appropriate, since two hundred years 
have just elapsed since the Latin original was 
published in Leyden in 1737. 

The late Sir Arthur Hort's manuscript was 
handed by Lady Hort to Sir Arthur Hill, who 
warmly recommended it to the Ray Society for 
publication, after it had been carefully checked 
and collated with the Latin text by Miss M. L. 
Green. She also translated the dedication to 
Dillenius, Sherardian professor of botany in the 
University of Oxford, for whom Linnreus enter
tained the highest esteem. Indeed he attributes 
to Dillenius some of the stimulus which encouraged 
him to undertake the task. "It was you", he says, 
"who, accustomed to weighing everything in the 
scales of sane reason and principle, opened to me 
the path, which albeit with hesitant steps I now 
seek to tread." Needless to say, there is no 
heaitancy to be found in the vigorous language in 
which Linnreus deals with the difficulties, which 
botanists were encountering at the time, owing to 
the absence of any rules governing the naming 
of plants. 

In the "Critica Botanica", as the title-page 
indicates, the author examines the names of plants, 
generic, specific .and varietal, retaining the better 
ones and rejecting the unworthy. This book forms 
part 4 of the "Fundamenta Botanica", which was 
published in the preceding year and constitutes 
the principles of botanical nomenclature. It is 
indeed the precursor of our modem international 
rules, which are discussed and amended at the 
successive International Congresses of Botany. 
That may suggest that the "Critica Botanica" will 
be dull reading. But this is far from being the case. 
Those interested in the history of botany will be 
delighted to find that it contains Linnreus's per
sonal estimate of his botanical contemporaries 

and predecessors. The "Critica" may be usefully 
recommended to all students of botany and more 
particularly to those interested in systematic 
botany, as it will impress upon them the need 
there was in Linnreus's time for the adoption of 
the binomial nomenclature of plants, which he 
introduced and here defends. He also lays down 
the rules which should govern the choice of generic 
and specific names. But he is by no means dog
matic. "I submit the rules", he says, "which I 
have laid down for myself and in accordance with 
which I intend to walk. If they seem to you 
worthy, let them be used by you also; if not 
please propound something better." 

In the first part of the volume, Linnreus deals 
with generic names, indicating those which he 
considers suitable for retention and those which 
should be rejected. Among these he includes 
particularly the hybrid words compounded from 
Greek and Latin roots, and he expresses his strong 
dislike of those formed by adding the suffix -oides 
to an existing generic name. He prefers those 
which have a Greek root and is antipathetic to 
compound words, though he is prepared to retain 
some like Sempervivum and Saxifraga. He rejects 
as generic names those of saints and miscellaneous 
public characters but retains those taken from 
mythology and the consecrated names of kings. 
He has a particularly soft spot for the names given 
to preserve the memory of botanists who have 
deserved well of science. After describing how 
kings and emperors and many brave and gallant 
men have wished their names to be handed down 
to posterity, he adds: 

''Why should it not be the same with botanists, 
whose venture has been quite as daring ? What 
toils, what science would be more wearisome and 
painful than botany, did not some singular spell 
of desire, which I myself cannot define, often 
hurry us into this pursuit. Good God ! When I 
observe the fate of botanists, upon my word, I 
doubt whether to, call them sane or mad in their 
devotion to plants. I will adduce some instances." 

Then he gives particulars of his own journeys and 
privations and those of other well-known botanists. 

In this way, the lists of generic names and his 
critical remarks on the same are interspersed with 
entertaining passages and good-humoured remarks 
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