HISTORICAL NOTES

Bires Chandra Guha — Father of modern biochemistry in India*

1. B. Chatterjee and D. P. Burma

B. C. Guha lived through biochemistry,
and biochemistry in India, especially
modern biochemistry, could be equated
to Guha. It will, however, be wrong to
judge the personality of this unusual bio-
chemist through biochemistry alone.
Considering his humanitarian, social and
political activities, the understanding of
his character through his biochemical ac-
tivities alone will be a complete failure
and this unprecedented character has to
be evaluated in all its totality. It should,
however, be emphasized that he was en-
tirely different from numerous talented
scientists born in this country in the pre-
independent era. There are numerous
biochemistry departments created in the
country just before and after his sad early
demise. But very few biochemists are
aware of one of the most important con-
tributions of this great personality in bio-
chemical education in our country. The
report on Biochemistry in Indian Univer-
sities by the review committee appointed
by the University Grants Commission in
1959 under his chairmanship is practi-
cally a bible for the biochemist commu-
nity depicting the past, present and future
of not only biochemical education but
also its research activities. There were
only a few biochemistry departments in
the country at that stage, but evaluation
was done for the past as well as their fu-
ture activities. On the recommendation
of the committee, biochemical education
definitely got a boost in the country.
There is no doubt that the Indian Insti-
tute of Science at Bangalore created the
first Chair of Biochemistry in India in
1921, but to some extent it may not be
entirely true, as will be discussed later.
This is not to deny the role of the De-
partment of Biochemistry at the Indian
Institute of Science, Bangalore, with its
glorious past and present history. This
centre has played the most important role
in the development of biochemistry and
even now occupies the pivotal position in
biochemistry in India. The history of
Biochemistry that is being written through
the enterprise of History of Indian Sci-
ence, Philosophy and Culture will natu-

*This article is written in honour of Late B. C.
Guha on his birth centenary.

rally support it without any ambiguity.
Unfortunately, in spite of its glorious
achievements the department never tried
to play the pivotal role in biochemical
education as done in the University sys-
tem, perhaps due to some restrictions in
the management of the Institute. Attempts
were made from time to time by one of
the authors (DPB) to induce the depart-
ment to take this leading role in the
country and help to create similar centres
elsewhere by setting the first example,
but the department failed to provide the
leadership in the development of proper
biochemical education in the country.

Guha was not only a research worker,
but also an educationist which is perhaps
a situation somewhat lacking in this
country and perhaps this has resulted in
the impediment of growth of educational
manpower. This is a matter of debate and
can easily be brushed aside at the cost of
the universities.

With this background let us now start
with the early years of Guha, which will
clearly indicate that Biochemistry was
not only his love but a part and parcel of
all his activities. He was born on 7 June
1904, at Mymensingh (presently part of
Bangladesh). Guha’s father’s name was
Rashbehari Guha Thakurata who held
from Banaripara, part of Barishal at pre-
sent in Bangladesh. He was the youngest
of a large family of four brothers and
four sisters. Guha was greatly influenced
by his maternal uncle Aswini Kumar
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Datta, a well-known freedom fighter. He
had to suffer for following the footsteps
of his maternal uncle. The whole family
was deeply involved in the struggle for
independence. At that time the situation
in the country was quite different from
today and the younger generation born as
British subjects, were ready to revolt at
any cost to get freedom from British rule.
From the very beginning of his educa-
tional career it was one of Guha’s major
objectives. It is unbelievable to conceive
that at the age of eleven Guha was induc-
ted in the revolutionary Jugantar Party,
the nightmare of the British. In 1919,
Guha passed his matriculation examina-
tion from Sri Krishna Pathshala and also
IS¢ Examination from the City College,
both located at Calcutta. He stood second
in the latter examination. He was admit-
ted to the B Sc course in Presidency Col-
lege, the topmost college in Calcutta. At
that time he fully participated in the non-
cooperation movement of Mahatma Gan-
dhi against the British Government. As a
result he was imprisoned for a month. At
that stage Principal Barrow of the Presi-
dency College advised him to leave the
College. None of the colleges in Calcutta
agreed to admit him in spite of the fact
that he was one of the most brilliant stu-
dents produced by Calcutta University.
Fortunately, the St. Xavier’s College fi-
nally accepted him and Mr Barrow was
happy to provide the transfer certificate.
In 1923 he passed Chemistry Honors Ex-
amination holding the first position in
first class. Then he got himself admitted
to the M Sc (Organic Chemistry) course
at the University College of Science,
Calcutta, where he again stood first in
first class. Being a freedom fighter his
sufferings did not end at that stage. He
had to face adverse situations when cer-
tain appointments were concerned.

The next phase of his career was also
equally challenging. He started his re-
search career under the guidance of P. C.
Ray, a famous chemist with an unusual
personality. The latter lived a most austere
life and tried to infuse the same spirit in
the younger generation. As a chemist his
primary objective was to develop small-
scale chemical industries. He inspired the
students not only to devote themselves to
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scientific research but also to start small-
scale industries. Bengal Chemical and
Pharmaceutical Works of Calcutta was
the best example set up by him. This was
to induce national spirit for economic
development. It should be mentioned that
in the British regime, manufacture of
even a needle was not allowed in our
country. P. C. Ray one of the most hu-
manistic scientists produced in the coun-
try, chose his laboratory at the University
College of Science and breathed his last
there. He donated all his savings to the
University College of Science. Guha fol-
lowed his preceptor’s steps while carry-
ing out research under him. During his
stay with P. C. Ray for one year, Guha
published three papers: two on the vary-
ing valency of platinum with respect to
mercaptonic radicals and one on the syn-
thesis of condensed heterocyclic system.

After working with him for full one
year, Guha was prepared to go to England
with the Tata Memorial Scholarship and
travelling fellowship. But an adverse re-
port by the police led to cancellation of
his passport. By the combined efforts of
Sir Edward Greaves, the then Vice-Chan-
cellor of Calcutta University and Acharya
Prafulla Chandra Ray, he was finally
provided the passport, subject to the
condition that Sri Surendranath Mallick,
member of the Indian Council in England
would keep a strict eye on his movement
while in England. He worked with two
leading biochemists, Sir Jack Drummond
of the London University and with the
Nobel laureate Sir Frederick Gowland
Hopkins, father of British Biochemistry
at Cambridge and earned the degrees of
Ph D and D Sc of London University.

We must divert here a little to under-
stand what influence this training had on
his career. P. C. Ray was the guiding star
of B. C. Guha’s early research career.
Similarly, his experiences in the labora-
tories of Drummond and Hopkins led to
a strong foundation of biochemical re-
search, which was his life occupation. It
was not only the influence of Hopkins
himself, but association with several bio-
chemists during his work in his laboratory
which were of great help in moulding the
future biochemists of this country. It will
not be out of context if we give a brief
background about the nature of research
going on at that time in the laboratories
of Drummond and Hopkins when Guha
joined them. In 1912 Gowland Hopkins
discovered the food ‘accessory factors’
which were later proved to be growth-sti-
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mulating vitamins. After the discovery of
the food ‘accessory factors’, the experi-
mental approach to nutritional problems
was assuming an ever-increasing impor-
tance and the course of events was the
era of individual vitamins. Both the labo-
ratories of Drummond and Hopkins were
vigorously engaged in discovering the
individual vitamins. When Guha joined
the laboratory of Drummond, he was as-
signed to isolate and identify the water-
soluble vitamins present in the polishing
of rice. Both in the Japanese Navy as
well as Norwegian Navy, a high propor-
tion of the sailors suffered for many years
from beriberi, a condition now known to
be a vitamin deficiency disease. The
Dutch physician, Christian Eijkman of
Utrecht University, the Netherlands, while
working in Java in 1897, showed that the
addition of rice polishing to the diet would
ameliorate the beriberi. He produced
polyneuritis, a primary symptom of beri-
beri, in chickens by raising them on poli-
shed rice. Other chickens given unpoli-
shed rice showed no symptoms. Funk'?
attempted to isolate the active principle
of rice polishing that was responsible for
relieving beriberi in pigeons and other
animals, but he was not successful at that
time. Guha started with full vigour to
isolate the vitamin from water-extracts of
both rice polishing as well as yeast. He
measured the activity of the preparation
at each stage of concentration by bioas-
say in deficient rats. Unfortunately, be-
fore he could purify the factor, Jansen
and Donath® of Amsterdam succeeded in
obtaining the vitamin (thiamine or vitamin
B)) in a pure crystalline form. In 1929
the Nobel Prize was awarded jointly to
Eijkman ‘for his discovery of the anti-
neuritic vitamin’ and Sir Frederick Hop-
kins ‘for his discovery of the growth-sti-
mulating vitamins’.

Guha then switched over his thesis
work to the isolation and identification of
a heat-stable vitamin present in the rice
polishing. In 1920, A. D. Emmet and
G. O. Luros reported that autoclaved
yeast no longer contained the antiberiberi
factor (vitamin B)) but did contain a sub-
stance that promoted growth of rats on
certain synthetic diets, which was later
found to be riboflavin or vitamin B.,.
Guha did lot of work on vitamin B,, but
he was not able to isolate this vitamin
in pure form during his short stay in
Drummond’s laboratory. Pure riboflavin
was later isolated from milk in 1933 by
R. Kuhn and his co-workers. During his

stay in England, Guha published ten
papers on vitamin B, and B, in the then
prestigious journals* 3.

After working in Drummond’s labora-
tory, Guha moved to Cambridge to work
in Sir Frederick Gowland Hopkins’ labo-
ratory. The Cambridge laboratory, with
Hopkins as its leader, was at the peak of
its glory when Guha joined in 1930. There
was a galaxy of bright visiting scientists
from different parts of the world, includ-
ing England, Europe, USA, and Japan. In
fact, seldom had there been such a gath-
ering of scientific talent and concentra-
tion of creative scientific activity in one
place in the history of science. To name
a few, are Albert Szent-Gyorgyi, C. G.
King, C. A. Elvehjem, A. C. Chinball,
F. G. Young, Joseph Needham, Malcolm
Dixon, L. W. Mapson, L. J. Harris,
N. W. Pirie, Robin Hill, E. Baldwin,
M. Stevenson and J. B. S. Haldane. The
name of Haldane, the eccentric scientist
of unusual talent and far sight is worth
mentioning here, because Haldane even-
tually chose this country as his home and
died on Indian soil.

Guha spent most of his life working on
nutrition and vitamins of which ascorbic
acid played the most important role.
Guha’s interest in vitamin C originated
from his association and discussions with
Albert Szent-Gyorgyi at Cambridge. In
1927, Szent-Gyorgyi, a Hungarian scien-
tist, came to work in Hopkins’ laboratory
for a short period on a problem with quite
a different objective: isolation of a redox
substance present in animal and plant tis-
sues. The discovery of vitamin C by
Szent-Gyorgyi was accidental. While ex-
tracting and concentrating some redox
compound from ox adrenal glands, he
isolated some sugar-like crystals about
which he was quite ignorant. One would
realize this from the title of his paper:
‘Observation on the function of peroxi-
dase systems and the chemistry of the
adrenal cortex: Description of a new car-
bohydrate derivative’, published in Bio-
chem. J'*. He was so ignorant of the
nature of the carbohydrate derivative that
he first named it ignose (ign for ignorance
and ose for sugar) and later godnose
(God knows). But the editor of the Bio-
chemical Journal objected. Very quickly
the structure of the carbohydrate was
elucidated in collaboration with Haworth
at Birmingham (arranged by Hopkins)
and the alternative name given was hex-
uronic acid (hex = six). During the same
period (1928-1931), Charles Glen King
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of the Columbia University of USA iso-
lated vitamin C from lemon juice and it
was observed that hexuronic acid and
vitamin C were identical. Szent-Gyorgyi
had no idea that hexuronic acid might
turn out to be a vitamin. It is ironical that
Szent-Gyorgyi isolated vitamin C with-
out doing a single animal experiment. In
the words of Szent-Gyorgyi himself: ‘I
was not acquainted with animal tests in
this field and the whole problem was, for
me too glamorous, and vitamins were, to
my mind, theoretically uninteresting. Vi-
tamin means that one has to eat it. What
one has to eat is the first concern of the
chef, not the scientist’'’. In any case,
Szent-Gyorgyi received the Nobel Prize
in 1937 for his discoveries concerning
biological oxidation processes with ref-
erence to vitamin C. It is worth mention-
ing that Guha with his expertise in bio-
assay, which he learnt in Drummond’s
laboratory, helped Szent-Gyorgyi quite a
lot to understand the nature of the anti-
scorbutic property of hexuronic acid. On
many occasions, one of the authors (IBC)
had the luck and opportunity to hear from
Guha all about his exciting experiences he
gathered in Cambridge laboratory.

Another side of his character was also
vented while staying in Cambridge. With
Naziism, Fascism and war, the political
climate was deteriorating in the 1930°s.
This had a strong influence on the faculty
as well as the students of the Cambridge
University. The academic community
was split into pro-Soviet and anti-Soviet
camps. Along with J. D. Bernal, Haldane,
Needham, Waddington, Pirie and others,
Guha was sympathizer of the left in its
movement in England, which took a
strong root through the Communist party
of England. Almost throughout his active
career in India, this played a predomi-
nant role, which also put him into acade-
mic trouble.

On his return to India, he was selected
for the Professorship of Biochemistry at
the All India Institute of Hygiene and
Public Health. The appointment, how-
ever, did not materialize, because Guha’'s
nationalist political sympathies were well
known and the police report about him
was unfavourable. This was an immeas-
urable gain to the Indian Institute for
Medical Research at Calcutta, which was
then being formed by a band of devoted
workers wedded to the nationalist cause
in scientific research. He joined it as a
Founder Member and in fact wrote the
public appeal for financial support. This

Institute underwent transformation and
metamorphosed through various stages.
Eventually, the Council of Scientific and
Industrial Research took it over at the in-
stance of Jawaharlal Nehru. Today it is
known as Indian Institute of Chemical
Biology, and is one of the premier re-
search institutes of Biochemistry in the
country. J. C. Ray was the person who
was mainly responsible for originally
planning the institute. Ray and Guha were
intimate friends not only socially but also
scientifically. The services of Guha ren-
dered to the institute in the early years of
its struggle for existence and growth are
beyond computation. His association with
it continued over years and he was mem-
ber of its executive council since being
taken up by CSIR. The functioning of the
Institute is symbolic not only of his sci-
entific capabilities but also humanistic
approaches. It is also a clear example of
the coupling of scientific research to the
growth of India independent from British
shackles.

Since his appointment to the All India
Institute of Hygiene and Public Health did
not materialize, he joined Bengal Che-
mical and Pharmaceutical Works (BCPW)
established by P. C. Ray, in Calcutta.
There he founded a laboratory for nutri-
tional research and started work immedi-
ately. Guha believed that research should
be carried out to alleviate human suffering
and even a single day should not be lost.
Guha’s dynamism and devotion to res-
earch was profound. During his short stay
in BCPW (1932-35), Guha’s research re-
sulted in 38 publications, a feat unbeliev-
able in any young researcher’s life. All the
publications were concerned with vitamins
and nutrition. Notable among these were
six publications in Nature'***?62733! two
in Hoppe. Seyler’s Z. Physiol. Chem.*"*
and one in Ber. Dent. Chem. Ges.”.
Among the 38 papers, 7 were published
in Current Science'®'%2**328 The mana-
gement of Bengal Chemical became un-
happy when he was fighting for better
remuneration for its workers. His precep-
tor P. C. Ray advised him to leave Ben-
gal Chemical and he taught Chemistry at
the Vidyasagar College for a short inter-
vening period. Eventually, he was of-
fered the Chair of Applied Chemistry of
Calcutta University in succession to H.
K. Sen. Guha was in two minds about
accepting the offer but he finally joined
the Department in 1936 at the age of 32
as the Ghosh Professor of the University
and took charge of the Applied Chemis-
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try department. From the very beginning
of his scientific career he was clear in his
mind that basic research is necessary for
the upliftment of the country, but applied
research should be simultaneously under-
taken for the benefit and proper deve-
lopment of the country. Thus, lifelong in
his scientific approaches he had simulta-
neously carried out both types of resea-
rch, pure and applied. While Ghosh Pro-
fessor, he travelled extensively abroad and
got the opportunity to visit various scien-
tific centres in the world and was natu-
rally influenced a lot by his exposure to
the modern advancement in biochemis-
try. He tried to develop various divisions
in the Department of Applied Chemistry
like (a) Organic and Inorganic Technol-
ogy, (b) Physical Chemistry and Analyti-
cal Chemistry, (¢) Chemical Engineering,
including elements of Electrical Engi-
neering and (d) One elective special sub-
ject. The elective subjects were Industrial
Fermentation, Oils and Fats, Ceramics as
well as Pharmaceutics. Guha, as the Head
of Applied Chemistry encouraged each
and every section to carry out basic re-
search as well as undertake applied re-
search to devise new technologies, which
would help the industrial enterprises to
thrive. He was associated with the Ap-
plied Chemistry Department till his death
except for some intervening period and
the Department owes him a lot for his
unusual vision for its overall growth.
Besides his own love of vitamin and
nutrition, Guha guided research in fer-
mentation studies on citric acid, acetone
and butanol production, microbial jute
retting and microbial spoilage of stored
cereal grains. He had a quasi-permanent
‘Nutrition unit’ from ICMR, where he
carried out an integrated programme of
nutrition surveys with special reference
to the vitamin and mineral contents of
common Indian foods. Guha also initiated
research on the nutritive value of different
Indian fishes, Indian tea and hydrogen-
ated fats. Guha noticed the widespread
vitamin deficiency in Indian population,
particularly vitamin A deficiency, and he
compelled the Indian Government to en-
force supplementation of fat-soluble vita-
min A in the widely used hydrogenated
vegetable oil known as vanaspati. An-
other scientific endeavour of Guha was
in the field of designing anti-folic acid
compounds and nucleic acid base analo-
gues for their potential application in che-
motherapy of cancer. In fact, a variety of
these types of antimetabolites were chemi-
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cally synthesized to investigate their po-
tential use in neoplastic diseases™” .

In 1943, the year of the devastating
Bengal famine when more than four mil-
lion people died, there was a tremendous
scarcity of milk and protein food. Putting
all other research aside, Guha prepared
vegetable milk for infants, which inclu-
ded malted barley and groundnut powder
having almost full nutritive value of cow
milk. He also prepared soybean milk at
that time. He saved lives by feeding babies
the artificial milk. For the adults, he
started preparation of protein substitutes
by isolation of proteins from grasses and
leaves. He demonstrated various ways of
blending such protein with human diet.
This work was continued by N. W. Pirie
of England, who was approached by
many countries for setting up pilot plants
for the production of leaf protein.

In the early forties, the special paper
on industrial fermentation was replaced
by Applied Biochemistry. Later, the
‘Applied’ was dropped and Biochemistry
became a special paper in the Applied
Chemistry Department. This was the
forerunner of regular biochemistry M Sc
Course for two years and eventually in
1956 an independent department of bio-
chemistry was born. J. J. Ghosh was at
first appointed the lecturer in the Depart-
ment and later promoted to Reader and
then Professor.

Being a biochemist, Guha’s mind was
naturally more focused on biochemistry.
Initially, emphasis was laid on applied
aspects of biochemistry like nutrition,
food, etc. Eventually, the growth of bio-
chemistry in the western world and
emergence of Molecular Biology attracted
him more and more to basic researches in
biochemistry and a tendency to create a
good training program of biochemistry in
the country.

Guha had conflict in his mind about
his twin loyalty to science and political
humanism. Similarly, he was devoted to
both basic science and the application of
technologies in the country, as already
mentioned. The latter aspect was some-
what an impediment to his proper scien-
tific activities especially in biochemistry.
Due to this, in 1944 he accepted the of-
fice of the Chief Technical Adviser to the
Department of Food of the Government
of India. With characteristic enthusiasm
he soon organized in the Department, a
Technical Wing for inspection, analysis
and standardization of foods. He further
initiated plans for an integrated pro-
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gramme on nutrition surveys for the
whole country. Before Guha took up his
assignment in the Food Department,
there was only talk of increasing the car-
bohydrate content of the diets and all
emphasis was laid for more output of ce-
reals and tubers towards the objective of
providing more calories. From his early
experience and training in Nutrition and
Biochemistry acquired while working for
his doctoral degree in Jack Drummond’s
laboratory, Guha showed that better nu-
trition could be obtained even with re-
stricted calories if the food provided
were adequate with respect to proteins,
minerals and vitamins. While associated
with the Food Department, he conceived
of plans for a Food Technological Res-
earch Institute and gave the idea a con-
crete shape with the active cooperation
of V. Subramanyan of Bangalore who
was then a Planning Officer in CSIR,
New Delhi. Subsequently, CSIR establi-
shed the Institute at Mysore and S. S.
Bhatnagar induced Guha to serve in its
Executive Council. As it will be discussed
in detail later, his basic researches in bio-
chemistry had been aligned to food and
nutrition. These were mostly confined to
laboratory work no doubt, but had the
potentiality for applied research. His idea
to get directly involved in the food pro-
duction in the country was for the alle-
viation of poverty of his countrymen.
Although he was not a technical expert
he thought that he would be able to con-
tribute significantly to the development
of food technology in the country. Natu-
rally his contributions were quite signifi-
cant but the country was deprived to some
extent of his expertise in the direct deve-
lopment of biochemistry as a discipline.
Later he somewhat regretted that. This
was also true when he joined the Damo-
dar Valley Corporation (DVC) in 1948.
Although this was not directly connected
with his scientific experiences, he con-
tributed to the project to such an extent
that it became one of the most successful
projects in this country. It is interesting
to recall that DVC project was originally
conceived by the internationally famous
physicist M. N. Saha and nurtured to
some extent by a biochemist, B. C. Guha.
This changed the face of the hinterlands
of Damodar river not only in preventing
the early havoc created by the floods but
also proper utilization of the reserved
water for agricultural and other purposes
including generation of electricity. The
project was greatly benefited by his un-

usual capacity to handle applied problems.
However, these activities pushed him a
little further away from biochemistry,
which was his primary love. He had also
represented India as the first Counsellor
in Agricultural Sciences, UNESCO in
Paris. Besides being a member of innume-
rable committees, Guha was actively as-
sociated with the Board of Scientific and
Industrial Research of CSIR, the Council
of the National Institute of Science of
India (now INSA), and the Executive
Council of the Indian Science Congress
Association. He was the Chairman of the
Chemical Research Committee of the
CSIR, Chairman of the Nutritional Advi-
sory Committee of the ICMR, Dean of
the Faculty of Science of Calcutta Uni-
versity. He was elected the General Pre-
sident of the Indian Science Congress for
the year 1964. His involvement in these
multiple activities was invariably linked
to his motivation towards the upliftment
of the country. As a committee man,
Guha was sometimes vigorous, ebullient,
aggressive and dominating for establish-
ing a right cause.

In spite of the fact that he did contri-
bute a lot towards the development of the
two organizations, Food Department and
the DVC, mentally he was upset as he
was drifting more and more away from
biochemistry, his love, and time was get-
ting out of hand. For that reason he deci-
ded to make up that loss and joined the
University back in 1953. The last phase
of his life was solely devoted to the de-
velopment of the Applied Chemistry de-
partment the education and
researches in biochemistry. So long bio-
chemistry was taught as part of Applied
Chemistry, but the new department of
biochemistry was created in 1956 with
the help of his very efficient colleagues.
One of the authors (DPB) came in close
contact with him during this period and
was amazed to find his capabilities not
only in researches but also in science
administration. Guha used to confide to
him that his sole object was to create a
first rate department of biochemistry in
the country which will have the leader-
ship quality not only in research but also
in education.

After re-joining the university in 1953
and in the years that followed, there was
a rapid efflorescence of fruitful scientific
activity in Guha’s laboratory. During the
last five years of his life, Guha and his
colleagues made vital contributions in
the field of ascorbic acid biosynthesis in

Vis-a-vis
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animals. One of the authors (I.B.C.), who
joined Guha in 1953, was primarily asso-
ciated with most of the publications con-
cerned with the biosynthesis of ascorbic
acid (22 publications during 1957-1962,
the last five years of his life). Most of the
4000 mammalian species synthesize their
own requirement of vitamin C (ascorbic
acid), but only a few including humans
cannot. Humans are totally dependent
upon dietary source of this vitamin. Lack
of vitamin C causes scurvy. Scurvy was
perhaps the foremost occupational and
nutritional deficiency disease that caused
most suffering in recorded history. During
the period of 500-1800 AD, scurvy took
a toll of a few million deaths of sailors,
armies and inhabitants of besieged cities.
After the discovery of vitamin C by Al-
bert Szent-Gyogryi and C. G. King
(1928-1932), the knowledge of the cause
and cure of scurvy was clear, but the
questions remained unsolved: How is
vitamin C synthesized by most animals
and why are humans incapable of pro-
ducing the vitamin? It took another three
decades to answer these questions. The
problem was solved mainly by the pio-
neering work of C. G. King (USA) and
Guha (India) and their co-workers.

King and his co-workers showed that
in the rat ascorbic acid is synthesized
from glucose via the glucuronic acid
pathway of metabolism: D-glucose — D-
glucuronic acid — L-gulonic acid — L-
gulonolactone — L-ascorbic acid. But how
L-gulonic acid is converted to L-gulono-
lactone and L-gulonolactone to L-ascor-
bic acid remained riddles. Guha and his
co-workers discovered and characterized
two enzymes, namely, aldonolactonase
(EC 3.1.1.18, L-gulonolactone hydrolase,
which reversibly converts L-gulonic acid
to L-gulonolactone) and L-gulonolactone
oxidase (EC 1.1.3.8, r-gulonolactone:
oxygen 2-oxidoreductase, which oxidizes
L-gulonolactone to 2, keto-L-gulonolact-
one®®. 2, Keto-L-gulonolactone is sponta-
neously converted to ascorbic acid. No
enzyme is needed in this step. Some of
the pertinent references are cited*”*’.

The significance of Guha’s work on
ascorbic acid biosynthesis lies in its evo-
lutionary implications, which answered
the question: Why are humans incapable
of producing the vitamin? In the amphi-
bians and reptiles, the key enzyme sys-
tem mediating ascorbic acid synthesis is
mainly localized in the kidneys. In most
of the avian species the kidneys continue
to be the main site for these enzymes un-

til we reach the recent natural order
Passeriformis where the liver takes over
the function from the kidneys. In some
species, the biosynthetic function contin-
ues to be shared between the kidneys and
the liver. As evolution progressed to-
wards the primates, the ability of the
liver to mediate the key enzyme reac-
tions was lost irreversibly, imposing on
these animals a condition of dependency
on the exogenous supply of the vitamin
for their survival. The incapability of the
guinea pig, the flying mammal (Indian
fruit bat), monkey, man and the highly
evolved passeriformes birds to synthe-
size ascorbic acid has been found to be
due to a common single genetic defect,
the loss of l-gulonolactone oxidase (EC
1.1.3.8), the terminal enzyme in the bio-
synthetic pathway. Thus, Guha’s work
laid the basis at the molecular level for
the biochemical mechanism involved in
this dependence or independence from
the growth factor in different species in
the evolutionary scale. This work dem-
onstrates how a judicious use of precise
methods of investigation to a fundamen-
tal problem of biosynthesis can lead to a
significant result capable of a more com-
prehensive interpretation and general
application than thought of at the begin-
ning. This work has also shown the im-
portance of biochemistry as the connecting
link between the two extremes of mole-
cular genetics and species evolution in
life sciences. The observation became
the basis of an editorial written by F. G.
Young, FRS, indicating a correlation bet-
ween the defect of a single gene and de-
velopment of molecular pathology*®.
During this period Guha not only got
involved in the development of biochem-
istry in his own university but also the
whole country. From 1953 onward, till
the last day of his life, Guha had two dis-
tinct visions and the urge to execute
them: (i) to find ways and means for ma-
terializing the scientific policy resolution
approved by the Government of India on
12 March 1958 with Jawaharlal Nehru as
the Prime Minister and (2) to develop
teachings and research in modern bioche-
mistry throughout the country. Regarding
the first one, Guha emphasized® that
‘Unless the Government is bold enough
in adopting reforms, which will enable
scientists and technologists to pull their
weight in the rapid economic develop-
ment of the country, the scientific policy
resolution will remain a resolution and
will not sufficiently sub serve the inter-
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ests of the nation’. He further pointed out
that ‘In implementing the resolution,
Government would have to pay attention
to science teaching in schools, colleges
and universities. Schools are, by and
large, ill-equipped and ill-staffed for sci-
ence teaching. It is there that the founda-
tion should be laid. If proper salary
scales are not provided for school teach-
ers and money is lacking for experiments
and demonstrations, it is idle to expect a
radical improvement in the situation re-
garding scientific personnel. Besides, it
is at the school stage that special efforts
should be made to spot the most creative
minds and give them special opportuni-
ties for development by way of high-class
merit scholarships, special arrangements
for teaching and accommodation, etc.
What applied to schools, applies also to
colleges and universities. Here also the
career of a teacher should be made suffi-
ciently attractive, both materially and
psychologically, and special opportuni-
ties should be given for the development
of the most original and vigorous minds
among the students. The science depart-
ments of the colleges and universities
should have annual adequate bloc grants,
so that the teachers engaged in research
may concentrate on their work without
worrying about research expenses and
without begging for funds from sundry
organizations. Nothing is more depress-
ing than this constant anxiety for funds
for research’®. It is unfortunate that fifty
years have passed by since Guha sugge-
sted the remedial measures, but apparently
very little has been done. A shabby con-
dition still persists in most teaching insti-
tutions in our country. Although the
Government has adopted some reform by
which the scientists in different national
laboratories are being able to do good re-
search, the universities, colleges and par-
ticularly the schools are still, by and large,
ill-equipped and ill-staffed for science
teaching. Sincere remedial measures are
yet to be taken to overcome the situation.
A recent picture of distress of the univer-
sity education is apparent from Balaram’s
view: ‘University science departments,
and I believe there must be very few ex-
ceptions, have become academically fos-
silized"™.

Regarding development of teaching
and research in biochemistry, Guha real-
ized in mid-fifties that biochemistry was
gradually becoming the lifeblood of fun-
damental studies in all the biological sci-
ences. In 1956, at a meeting of the
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Society of Biological Chemists (India)
held in Calcutta® he said, ‘It may not be
hazardous to predict that in the next ten
or twenty years, perhaps the most revolu-
tionary developments will be witnessed in
the domains of (a) nuclear physics and
chemistry and (b) biochemistry and bio-
physics’. Guha emphasized on interdis-
ciplinary research even at that early
stage. He said ‘In biochemistry the more
there is integration between different
lines of researches, the more rapid be-
comes the advance in these different
lines and the clearer become the interre-
lationships which underlie all vital phe-
nomena. There is a great need for joint
seminars and discussions even in appar-
ently unconnected fields of biochemistry
because these are likely, by and large, to
throw fresh light on perplexing pro-
blems. There can be no doubt that in fu-
ture years, the pursuit of biochemistry
will prove more and more an exciting
adventure and, may I say, almost a roma-
nce’*!. Guha realized that for rapid eco-
nomic development of the country,
applied research should also be pursued
with great momentum along with the
fundamental research. In mid-fifties, most
biochemical preparations of commerce
were imported. He emphasized, ‘Here is
a great field which should be ploughed
by scientists even in universities and
other research institutions, as private in-
dustry is rather shy in this country and
does not like to take risks. Similarly, in-
strumentation should receive special at-
tention in India. It is undesirable that
practically all fine instruments of meas-
urements should have to be imported.
Biochemical researches in these days are
greatly dependent on such instruments
and biochemists in this country should
make a special plea for the manufacture
of these instruments’®!.

From 1959 onwards, biochemical edu-
cation and research in India took a great
leap. The contribution made by a few
young biochemists with Guha as the
leader will ever be remembered by all
biochemists of our country. In fact, apart
from his versatile activities and extraor-
dinary range of remarkable accomplish-
ments, this leadership made Guha
immortal among all the practitioners of
biological science in this country. In 1959,
at his insistence, D. S. Kothari, Chairman
of the University Grants Commission,
appointed a committee under Guha’s
chairmanship to assess the status of bio-
chemistry in the country and suggest
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means and methods for improvement of
biochemical education. That was a wise
decision made at that time and whatever
biochemistry is today in the country is
due to these decisions. Notable among
the members were Hussain Zaheer,
Director, Regional Research Laboratory,
Hyderabad, P. S. Sarma, Head of the
department of Biochemistry, Indian Insti-
tute of Science, Bangalore, P. S. Krishnan,
Head of the Department of Biochemistry,
University of Lucknow, B. Mukerji, Di-
rector, Central Drug Resaerch Labora-
tory, Lucknow and V. Jagannathan,
Assistant  Director, Biochemistry Divi-
sion, National Chemical Laboratory,
Poona. The analysis of the achievement
of Biochemistry made up to that time and
the recommendations made for teaching
and research in Biochemistry were most
valuable. These recommendations led to
the creation of a large number of De-
partments of Biochemistry in various
Universities and Centres in different
Institutions. Initially Guha played a pivo-
tal role in this development. The Bioche-
mistry Review Committee held three
meetings, the first in January 1959 at
Delhi, the second in April 1960 at Luck-
now, and the third in March 1961 at
Bangalore. Guha approved the first draft
of the report, but most unfortunately he
suddenly died in March 1962 before it
could be finalized. In this report the then
position of biochemical studies and re-
search in India has been analysed and
certain lines about their future develop-
ment are indicated. It has been recom-
mended that in the universities where
biochemistry is taught at present and in a
few more centres where it is going to be
taken up, independent Departments of
Biochemistry should be organized on the
basis of adequate staff to impart proper
education to the students. Guha occupied
a leading place in the scientific commu-
nity of our country and by his untimely
death Indian science has suffered a seri-
ous loss. After his sad demise at a com-
paratively early age, P. S. Sarma of the
Department of Biochemistry, Indian Insti-
tute of Science, Bangalore, took great
pains to continue his unfinished work.
We are also indebted to the teachers of
Biochemistry Departments in Universi-
ties for their keen interest and co-ope-
ration in the work of the Committee. The
Committee had the benefit of help and
advice of Robert H. Burris, Professor of
Biochemistry at the University of Wis-
consin, USA, who visited India under the

Wheat Loan Educational Exchange Pro-
gramme. The document prepared by this
Committee is of immense value not only
as a historical record but a guidebook for
future development of biochemistry in
the whole country. Perhaps this is one of
the outstanding contributions of Guha for
which he literally became the father of
modern biochemistry in India.

One of the other memorable works,
which Guha initiated, but was not able to
implement fully was the organization of
a Summer School at Srinagar during
May—June 1962. That may be deemed as
the dawn of Modern Biochemistry in
India. The reason is very simple. A group
of young biochemists, most of them from
various disciplines and trained abroad in
biochemistry assembled on that occasion
to deliver lectures in the subject areas
which were in the developing stage in the
West. That the impact of biochemistry
was already felt in the country was obvi-
ous from two steps taken: one by the
formation of a Biochemistry Review
Committee with Guha as the Chairman,
as stated above, and the other by the
Ministry of Scientific Research and Cul-
tural Affairs under the inspiring guidance
of Humayun Kabir, the then Minister at
the Centre. The step taken by Humayun
Kabir was to initiate Summer Schools in
the areas, which had the potential to
grow, biochemistry being one of them. In
fact, Guha was also supposed to organize
the summer school but unfortunately he
died before he could undertake the job.
So P. S. Sarma, who comparatively re-
cently joined the Department of Bioche-
mistry of the Indian Institute of Science,
had to carry out the job in place of Guha.
He acted as the first director of the sum-
mer school. Sarma was an appropriate
person to complete the job left unfin-
ished by Guha because like Guha he was
also deeply interested in the development
of Biochemistry all over India. In a sense,
he completed some of the unfinished
jobs, which Guha dreamt of. Quite a few
new centres were brought into existence
due to serious attempts made by him.
Other than that he tried his best to choose
the most capable persons to organize the
departments. We presume that the bio-
chemists in India in general feel indebted
to him for whatever little has been achi-
eved in biochemistry in the country. The
proceedings of the summer school were
published as Advances in Biochemistry in
1963 by the Indian Institute of Science,
Bangalore with P. S. Sarma as the Editor.
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This was the first record of the advances
made in the country and abroad in bio-
chemistry, eventually leading to the
emergence of Molecular Biology in the
proper sense in this country.

Shortly before this period one of the
authors (DPB) had the unique opportunity
of coming in close contact with Guha
while the latter visited New York in con-
nection with a symposium held on
‘ascorbic acid’ on 7 and 8 October 1960,
where most of the stalwarts involved in
unravelling mechanism of ascorbic acid
synthesis participated. Since he spent
more than a week with the author as his
guest, the latter could get glimpses of his
inner mind. The discussions that contin-
ued till late night were mostly concerned
with the development of biochemistry in
the country. He had no hesitation to ad-
mit that biochemistry had suffered a lot
in the country due to his adventures or
rather misadventures in the areas not di-
rectly linked to biochemistry. He elabo-
rated his plans on how he wanted to
make up the loss by developing the sepa-
rate department of biochemistry in the
University College of Science, Calcutta,
which would provide the leadership not
only in research but also in education. It
is agreed that Indian Institute of Science
is no doubt the oldest organization of the
country and the excellent research work
carried out there provides guidance to
many, but unfortunately, they are not in-
terested in teaching biochemistry at the
postgraduate level. Although he never
expressed what was in his inner mind,
one of the authors (DPB) had a jolt from
the blue shortly after his return to the
country. On Guha’s insistence and prac-
tically marching orders he had to join the
newly created department of biochemis-
try in 1962. Prof. Guha was so good a
planner that he had already talked to the
Director of Bose Institute, where the
former (DPB) spent almost 15 years to
carry out his researches and built an ex-
cellent biochemistry laboratory with all
facilities for researches on enzymes and
nucleic acids. He made a unique approach,
which is somewhat unusual in the coun-
try that DPB would teach in the depart-
ment of biochemistry, University College
of Science Calcutta next door, but con-
tinue his research activities in Bose Insti-
tute as usual. There was no other alter-
native than to succumb to his special
request but eventually for the same rea-
son he had to quit both the organizations.
In early 1962 when his plan to create an

Advance Centre of UGC in the depart-
ment of biochemistry of the University of
Calcutta was almost complete, Guha
suddenly died and that was practically
the end of his last adventure for the deve-
lopment of biochemistry.

A biography of Guha will remain in-
complete if a few words are not mentio-
ned about Phulrenu Guha, the illustrious
wife of Guha. They were married on 17
July 1945 at Calcutta. This marriage
proved to be a turning point in Guha’s
work and career in more than one ways.
But for the wise counsel and devoted
guidance of his wife, Guha, with his in-
domitable spirit, aggressive mentality and
burning desire for breaking the shackles
and obtaining freedom for his country,
would have landed himself behind the
prison bars and would have been lost
forever to the world of science. The gen-
ial influence of his wife channelized his
creative energies into a fruitful academic
and laboratory life and into various social
and cultural activities. Mrs Guha took
her M A degree from Calcutta University
and doctorate degree in Social Science
from Sorbonne University of Paris. Both
had known each other for a long time in
connection with their activities as free-
dom fighters. Subsequently, Mrs. Guha
became the Minister of Social Welfare,
Govt. of India. For a long time, she was
an MP, member of the Rajya Sabha, and
President and Chairperson of innumer-
able number of committees, including
Central Social Welfare Board, Indian
Council of Child Welfare, Indian Council
for Mass Education and Development,
Status of Women of India, Centre for
Women's Development Studies and many
others. She was awarded Padma Bhushan
in 1977. In spite of their extremely busy
individual schedules, both Prof. and Mrs
Guha were a source of inspiration to each
other. All their thoughts and deeds were
for the betterment and upliftment of the
whole of India: Guha for science and
technology and Mrs Guha for the society,
particularly for the children, destitute
and the backward class. Little did they
care for their own personal benefit. One
of the authors (IBC) heard from Mrs
Guha that because they were extremely
busy with their preoccupations, they did
not have any children. They did not regret
it as Guha’s students were considered
their own. At the age of 95, Mrs Guha
lives a very simple life, staying in a
rented house, still very busy with social
welfare. She sold all her properties, in-
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cluding the residential building and do-
nated the money to Calcutta University
for creating a Chair in the B. C. Guha
Centre for Genetic Engineering and Bio-
technology. To pay tribute and honour to
the outstanding teacher, Calcutta Univer-
sity has established the B. C. Guha Centre.

Guha is remembered by all scientific
workers of the country carrying out res-
earch on biological sciences with deep
affection and respect. The depth of res-
pect is realized by the name of a unique
conference in India, the GRC. GRC plays
a very important role in the development
of biological sciences, including bioche-
mistry, biophysics, cell biology, micro-
biology, etc. GRC is a three-letter
abbreviation of Guha Research Confer-
ence. The initial nickname of the confer-
ence was ‘Khandala type conference’,
because the first conference was held in
Khandala of Maharashtra. The real credit
of initiation of such a conference goes to
Pushpa Bhargava. About a dozen brains
of some young Indian biochemists, most
of whom returned from abroad after re-
ceiving advanced training were insemi-
nated by Pushpa for an informal get-
together. The first four meetings were
held at the time of sessions of the Indian
Science Congress. The day after the gala
opening of the Congress by the Prime
Minister, a handful of the biochemists
used to move out of the main city and
gather in a small place nearby to criti-
cally discuss their individual research
findings till late hours with utmost devo-
tion. Later, in an informal meeting of the
group at Bangalore, it was felt that the
conference should be held independently
of Science Congress and it should be reg-
istered as a society for financial support.
But most of the members were dead
against forming a society with regular
office bearers. Finally a compromised
formula was drawn that it would be
formed as a society with only a convener
for management purpose to organize the
meeting every year. In a sense, this con-
ference is unique in the world. Next, an-
other problem arose about the naming of
the conference. Although previously the
name Khandala type of meeting was
used, that was not really the description
of the meeting. One of the authors (DPB)
proposed that the conference be named
as Guha Research Conference (GRC).
Every one of the members present un-
hesitatingly accepted the proposal, be-
cause all the young biochemists highly
respected Guha. On the one hand, Guha
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had become a kind of institution in the
scientific pursuit of the country, and on
the other hand he helped a vast body of
students and scientific workers by provi-
ding research grants, advice and guidance
for doing research of the international
standard. This name of GRC itself reflects
deep affection and respect for the out-
standing Indian biochemist.

Guha’s death was a bolt from the blue.
At the invitation of B. Mukerji, the then
Director of CDRI, Dr and Mrs Guha, on
their way back from Delhi, halted at
Lucknow for a completely relaxed holi-
day. After spending the day and the eve-
ning with great delight and innate sense
of humour, Guha suddenly felt uneasy and
fell down on the floor and expired within
minutes. That was 20 March 1962. The
spirited champion of life was also a
champion in death. The next morning his
mortal body was flown to Calcutta and
was Kept in the cold room of the Depart-
ment of Applied Chemistry, where in-
numerable students, associates, admirers
and relatives of Guha were present to pay
their homage. Incidentally, Guha built the
cold room for carrying out research on
biochemistry.

Guha was a man of great personal charm
and infectious enthusiasm. His command
over Sanskrit and Bengali literature was
remarkable. So was his assimilation of
English literature. He could recite Kali-
dasa, Shakespeare and Rabindranath with
equal fluency and effect.

In the shifting sands of time, men will
come and men will go. Only very few
can leave behind a bold mark of unusual
leadership which remains indelible. Guha
undoubtedly succeeded in leaving such a
memory trace in the fluorescent screen of
many minds.
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