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main stroke along the track pre-ionized by the leader 
strokes. Considerable differences are observed in the 
characters of the positive and negative leader strokes. 
The positive leader stroke develops usually in a 
continuous manner, though steps occur when a high 
series resistance is included in the circuit, and these 
steps become more pronounced with decreasing gas 
pressure. The negative leader stroke develops in a 
series of sharply defined steps, and is accompanied 
by a considerable number of mid-gap streamers. 

In all three papers it was evident that, although 
the various modern techniques of high-speed record
ing have yielded a considerable amount of experi
mental data concerning the development of spark 
discharges, there are still many aspects of the 
problem requiring further investigation. Also, while 
the mechanism of spark breakdown in uniform fields 
can now be explained in terms of fundamental pro
cesses, the interpretation of all observed sparking 
phenomena, particularly in non-uniform fields, is 
still by no means complete. 

TATA INSTITUTE OF FUND
AMENTAL RESEARCH 

I N India, where the number of institutions for 
research is very small, it is now keenly realized 

that much greater attention must be paid to research, 
pure as well as applied, if India is to keep pace with 
the progressive nations of the world. A result of 
this new outlook and a welcome addition to such 
institutions is the newly established Institute for 
Fundamental Research, sponsored by the trustees of 
the Sir Dorabji Tata Trust and the Government of 
Bombay, with the subsequent support of the Govern
ment of India. The object is to create a centre for 
fundamental research, with particular reference to 
atomic physics and mathematics, and also to train 
the young scientific workers of India in these 
subjects. 

Tatas, the biggest industrialists of India, have a 
long tradition of foresight and wisdom in the employ. 
ment of their resources. To-day, 85 per cent of their 
capital is held in public trusts for benevolent pro
jects, chief among which is the promotion of higher 
education and research. They were the pioneers in 
founding the Indian Institute of Science at Bangalore, 
the Tata Memorial Hospital for cancer and the Tata 
Institute of Social Sciences at Bombay. The Tata 
Institute of Fundamental Research is the newest 
institution which owes its existence to their enterprise 
and munificence. 

Since 1942, the Sir Dorabji Tata Trust has supported 
a Cosmic Ray Research Unit headed by Prof. H. J. 
Bhabha, F.R.S., at the Indian Institute of Science, 
Bangalore. It was felt, however, that the modern 
demands of fundamental research in cosmic rays and 
nuclear physics could only be met by means of a 
separate institute devoted entirely to these subjects. 
The Cosmic Ray Research Unit of the Indian Institute 
of Science was moved to Bombay in 1945, and formed 
the nucleus around which the new project was built. 
As the construction of new buildings was not possible 
during the War, the Institute was housed in tempor
ary premises. It was formally opened on December 
19, 1945, by Sir John Colville, Governor of 
Bombay. 

On that occasion, when inaugurating the Institute, 
Sir John Colville said : "India stands in urgent need 

of the speedy development of her resources, both 
agricultural and industrial. This can only be achieved 
with the aid of science. For modern industry and 
agriculture rest, to an ever-increasing extent, upon 
scientific foundations, and economic progress depends 
on continual advances in the field of fundamental 
research which provides the material on which the 
applied scientist can work." Sir John Colville further 
remarked that : "Applied research, designed to 
meet the practical needs of industry and agriculture, 
and carried on in the laboratories of Government 
research stations or by particular firms, is necessary. 
It is, however, increasingly recognized that research 
of a fundamental character, not directed towards 
specific practical objectives, is of vital importance, 
because of its fructifying and stimulating influence 
on applied research, which, without it, is bound to 
languish. Applied research, in fact, must be kept 
constantly refreshed by contact with the original 
work of the pure scientist." 

During the first year of its existence it became 
clear that the new Institute would have to expand 
rapidly, and the necessary funds for this expansion 
were sanctioned by the Government of India through 
the Council of Scientific and Industrial Research. 
The Institute is to-day administered by an inde
pendent council on which the Government of India, 
the Government of Bombay and the trustees of the 
Sir Dorabji Tata Trust are represented. At present 
the Institute has chairs of theoretical physics, experi
mental physics, pure mathematics and astrophysics. 
Provision is also made for a visiting professorship so 
as to enable the Institute to invite distinguished men 
of science from abroad to work in the Institute for a 
year at a time. The Institute has also several reader
ships, and posts for research fellows and research 
assistants. A number of students are given liberaf 
stipends to enable them to work under the professors 
of the Institute. 

Since its start, the Institute has completed an 
experiment for measuring the intensity of the pene
trating component of cosmic rays up to an altitude 
of 40,000 ft. In this experiment the intensity of 
cosmic rays penetrating 30 em. of lead was measured 
for the first time up to these altitudes. Several papers 
on the theory of the elementary particles and on 
new relativistic wave equations, on mathematical 
and statistics topics, have been published by members 
of the Institute. 

The Institute will encourage to the utmost the 
exchange of scientific ideas. Recently a group of 
foreign men of science visited India as delegates 
to the Indian Science Congress, and the opportunity 
was taken to invite Prof. P. M. S. Blackett, of the 
University of Manchester, Prof. J. Hadamard, of the 
Institut de France, and Prof. S. S. Chern, of the 
Academia Sinica, as visiting professors to the Institute 
to deliver courses of lectures on their subjects. 

The Council of Scientific and Industrial Research 
has decided that the Institute shall be the centre of 
all large-scale research in nuclear physics in India, 
and has sanctioned a scheme for the setting up, at 
the Institute, of a high-energy accelerator, capable of 
producing particles of energies up to 200 MeV. A 
team of ten investigators is being formed for this 
purpose. With the establishment of the high-energy 
accelerator, it is intended to lay down a long-range 
plan of nuclear research. 

It is also likely that a small atomic pile will 
set up at the Institute in the near future, which 
will provide further facilities for research in 
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atomic physics, and also for the production of tracer 
elements. The scope of the work of the Institute 
will then be enlarged by the addition of departments 
for nuclear chemistry and nuclear biology. 

A further series of experiments to measure the 
intensity of cosmic radiation at high altitudes and 
at great depths is also being planned, and it is in
tended to undertake these experiments soon. 

The Institute is at present housed in temporary 
premises, but suitable buildings will be provided as 
soon as possible. The site chosen for the permanent 
buildings faces the picturesque harbour of Bombay, 
and is about a mile away from the heart of the city. 
It is proposed to undertake immediately the con
struction of two blocks of buildings, one for theoretical 
work, instruction and administration, and the other 
for experimental work on cosmic rays. The plans 
of these buildings will be so designed as to allow 
for the construction of additional blocks for nuclear 
physics and for housing the high-energy accelerator 
and its auxiliaries. The buildings will be completely 
air-conditioned and fitted with the latest equipment. 

With the expansion of the activities of the Institute, 
the sponsors of the Institute believe that it will 
become an important centre of research in India 
within the next few years. 

MECHANISM OF ENZYME 
SPECIFICITY IN THE DOMAIN OF 

CARBOHYDRATES 
By DR. A. GOTTSCHALK 

Walter and Eliza Hall Institute of Research in Pathology 
and Medicine, Melbourne 

I T would appear that it is the function of enzymes 
to reduce the energy of activation for a given 

.reaction. How this is effected is at present unknown. 
There is, however, consensus of opinion that enzyme 
action is initiated by a union between enzyme and 
substrate. Bergmann1 has advanced the theory that 
the enzyme protein by virtue of polar groups arranged 
in a pattern at its surface makes a multipoint contact 
with corresponding polar groups of the substrate. 
An intimate relationship of this kind between the 
interacting groups, suitably arranged in space, of 
enzyme and substrate may be regarded as the 
material basis of enzyme specificity. In most cases 
a single enzyme reacts with a group of substrates, 
though at different rates; in some cases, however, 
the activity of the enzyme is directed towards one 
substrate only. The degree of specificity of an enzyme 
may most properly be expressed by the decrease in 
the reaction velocity caused by a change in the con
stitution or configuration of that substrate acted 
upon with the highest reaction velocity (at various 
substrate concentrations). During the last fifteen 
years the effect of constitutional and configurational 
changes in hexoses and their glycosidic derivatives 
on the activity of the enzyme concerned has been 
extensively investigated. In view of the results of 
these investigations, it seems possible to derive some 
principles underlying enzyme specificity in the •field 
of carbohydrates and in some instances to mark 
precisely the atoms or groups of the substrate which 
are involved in the bonding with the receiving groups 
of the specific enzyme protein. 
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Fig. 1. BETA-GLUCOPYRANOSE (8AOHSE TRANS·RING) 

According to recent results•·• the pyranose ring of 
d-glucose is of the Sachse trans (chair-shaped) form, 
inter-atomic distances and angles being normal 
within the limits of experimental error (cf. Fig. 1). 
In beta-d-glucopyranose the carbon and oxygen 
atoms lie in two parallel planes 0·5 A. apart, while 
in beta-d-mannopyranose the oxygen atom attached 
to C2 projects about 1 t A. from the mean plane of 
the ring. There is rotation about the C6 -C8 single 
bond, probably restricted by an energy barrier due 
to the attractive and repulsive forces of neighbouring 
groups. 

Most likely the free or substituted hexose molecules 
approaching the enzyme will orientate themselves 
with the mean plane of their ring parallel to the 
surface of the enzyme protein, because this will 
provide for the greatest development of van der 
W aais forces between the enzyme and substrate 
molecules. We assume that by hydrogen bond forma
tion or electric dipole interaction the enzyme comes 
into contact with at least two groups of the hexose 
molecule (or hexose residue), including the one which 
is changed in the catalytic reaction. There can be 
little doubt that with glycosides as substrates the 
oxygen atom of the glycosidic linkage is involved in 
the contact with an appropriate group of the enzyme 
protein ; indeed, the reverse reaction, the enzymatic 
synthesis of methyl-beta-d-glucoside from beta-d
glucopyranose and methanol is scarcely conceivable 
without contact being established between the enzyme 
protein and the two hydroxyl groups the interaction 
of which results in the formation of the glucosidic 
linkage. Moreover, evidence was recently presented' 
suggesting that the enzymatic conversion into 
d-fructofuranose-6-phosphate of the alpha- and beta
forms of d-glucopyranose-6-phosphate and of d-man
nopyranose-6-phosphate is catalysed by two indi
vidual hexose-phosphate isomerases. The existence 
of a specific mannose-6-phosphate isomerase as 
distinct from the glucose-6-phosphate isomerase is to 
be expected; for, on the above assumptions, the 
conversion into a common isomeride of two stereo
isomeric hexose derivatives differing in the con
figuration at a single asYI:QIIletric carbon atom cannot 
be catalysed by the same enzyme. In their association 
with the respective enzymes, therefore, beta-hexosides 
(Fig. 2) are orientated with their upper side towards 
the surface of the enzyme protein, whereas alpha
hexosides (Fig. 4) face the enzyme with their under
neath side. The primary alcohol group, due to the 
restricted rotation of C8 , may be able to face the 
enzyme irrespective of whether the upper side or the 
reverse side of the glucose molecule is orientated 
towards the catalyst. 

In a series of thorough investigations, Helferich6, 

Pigman •, Weidenhagen 7, Hudson8 and Hofmann • have 
studied the specificity requirements of the various 
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