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DEPARTNMENT OF ZOOLOGY,

The Zoological Laboratories are under Dr, M. B.
Mirza, D.phil.nat., who is assisted by Dr. M. A,
Sharif, M.A., D.Sc.

Theo Zoological Museum has been equipped with
all the necessary specimens required for teaching
and demonstration. At present there are four
research students working in the department on
various problems of Entomology and Advanced
Z.oology.

Recently the Department of Zoology sent a
party to the various parts of India to gather
fossils and other specimens and the members of
the party returned with success bringing a large
number of rare specimens.

The plans for the Medical College, College of
Technology, Agricultural College, Electrotechnical
Department and Engineering College have been
completed, and it is hoped that within a few vears.
the big University Extension schemes will be
complete.

Aligarh in the past sixty vears has been we
known as one of the greatest educational centres
not only in India, but the whole of Asia, where
students have flocked from different parts without
the distinction of colour, caste or creed, and have
imbibed from the fountain of learning so wisely
created by the late Sir Syed Ahmed Khan, to
whom India is so highly indebted.

Crystals of the Living Body.*

IN the living body, there is a preferential distii-
bution of the wvarious kinds of atoms as for
example phospborus and calcium in bones and
teeth, and sulphur and nitrogen in hajr. Besides

this differentiation, there is a greater one of the

molecules into which the atoms are grouped. thus,
the several Kinds of protcius funetion differently
as constituents of the many organs of the body.
A further requisite is order in the arrancement of
the molecules. To cite an instance. in hair, the
long narrow arrangements of molecules fastencd
somewhat loosely like bundles, endows 1t with the
property of directive action. This direction is
nearly the same as that of the axis of the hatr so
that 1t grows in a particalar direction and is flex-
tble and strong. If the molecules were distributed
in all directions, there
should possess these properties. All processes in
the hiving body follow the laws of physics and
chemistry apd consequently, function yhich is
connected with orientation means method in
molecular arrangements. No artificial arrange-
ments of atoms and molecules has ever been
endowed with hfe nor can an indireritninate one
extenrd and grow in one direction mote thanin
another, All the parts of the body stich as nerves,
muscles and tenddons possess arrangementis which
are fitted for their purpose not only by shapes
but also by the intermal arrangement of their
molecules, Hence it is very essential to under-
stand the arrangement of molecules in the living
body 1f we are to understand their functions
properly.

(C‘hemical analysis tells us very little of this
arrangement. We are only aware of the bricks of
the house with very little knowledge of the exact
plan of the home of which they form parts. The
arrangements of atoms in molecules have come in
for wide study by the organic chemists hut the
relative arrangement of the materials with refer-
ence to onc another is also of great import.
Hspecially 1= this so of solids where directive
properties come into play. In this study, the
X-ray has proved an extremely useful weapon,

The study of solid crvstals suggests itself readily
because the crystalline form is the result of the

¥ ¢ Crystals of the Idiving Body ”—Friday
evening discourse delivered by Sir William Bragg,
0.M., K.B.,B,, F.R.8., at the Royal Institute, Janu-
ary 20, Nature, 132, 11 and 50, 1933.
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molecular arrangement. 'Thus the properties of
crystals of zinc blende on heating and those of
resorcinol when suspended in liquid air are exactly
those that can be expected in a molecule of the
type studied and the X-ray pattern reveals the
same characleristics but whatever is true of the
whole 1s true of the unit imbedded in it. It does
not mean that the individual unit will behave in
this way il taken out of its environment.

This is an important point. The study of a
crystal furnishes tnformation regarding a small
group of molecules say one, two, three or four.
If we determine the arrangement of molecules
in this group and of the atoms in the molecule,
we can correlate properties and arrangements and
thus contribute to one of the greatest problems
of physics, namely, the relation between the
properties of a substance and the atoms of which
it is built. Conversely, using the knowledge, we
can apply it to other units by the examination of
crystals of which these units form parts. So the
position of the wvarious atoms in the molecule
determines the characteristics of the molecule;
the position of the molecules in a solid determines
its crystalline form. 1In a living body there must
be arrangements of molecules of various kinds to
various extents, X-ray patterns help us to under-
stand these arrangements.

X-ray studies have generally confirmed the
conclusions of the organic chemists and have also
further extended their knowledge to greater
completion. Thus two amino acids like glycine and
alanine each possessing a carboxyl and an amino
eroup of opposite character can condense together
with the elimination of water, Willstatter sup-
posed that such combinations can take place
in regular alternations yielding chains of indefinite
length. Now silk or hydrolysis gives both alanine
and glycine, If this regular structure is the cause
of the X.ray pholograph of silk, the numerical
detalls of the photograph should fit into the
chemist's conception. From X-ray studies of
various crystals we know that the distance along
the chain at which the pattern (two carbons and
one nitrogen) repeats itself shonld be 3.6 A°
Althongh the X-ray pattern gives a very hazy
picture of the position, measurement shows a
regular repetition of pattern at a distance of 3.5
A° which is a remarkable coincidence with the
caleulated value. The X-ray photographs also
show that the chains are arranged in a row
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parallel to the direction of the fibre—an arrange-
ment that we ought to expect.

It is well known that the hair streleches and
photographs in a manner resembling that of silk
though its chemical structure 1s similar to those
of horn and feathers, Astbury explained this
phenomenon by supposing that the chain which
forms the backbone of all the proteins 1s similar
to silk. In the keratins they are crumpled up
somewhat ; tension pulls them straight without
breaking them and on release, the contractile
forces draw them again together, But beyond
the breaking point, the molecules slip past one
another and so cannot be restored to thelr original
state. These suppositions are practically demon-
strated by X-ray photograph which, for example,
in wool, shows repetition at intervals a little less
than silk, whereas in hair it is 30 per cent. less;
and hair recovers eompletely after 3¢ per cent, of
extension.

The same hypothesis gives an explanation of the
resistance of these substances to enzyme atlack. for
the crumpled chain protects the molecule from
breakage. The compactness masks susceptible
points and this 1s helped by the mutual satisfaction
of opposite groups., This only 1llustrates that not
only do the molecules of a chain determine its
character but the arrangements of the molecules
themselves decide the behaviour of the substance.
Arrangements of the protein molecules among
themselves are essentjal to their funcfion in the
living body.

These are but the beginnings of future interest-
ing revelations that will follow more precise
measurements. The X-ray is a new tool and
needs wider application in more cases before it
can bhe properly used and its full capacities under-
stood.

A most interesting example 1s the examination
by J. D. Bernal and his colleagues of the crystal
structure of the separate amino acids, vitamins
and similar bodies, When such bodies can be
crystallised, valuable knowledge of the arrange-
ment of atoms and molecules can be studied.
Chemical considerations suggest many possible
arrangements which X.ray studies narrow down.
Thus Bernal showed the former formula for
sterol to be incorrect and later search has been
successful in proving his point, Bernal’s results

indicate the possibility of studying the changes as
the confignration is altered step by step, and the
comparison of the gradually changing quality with
corresponding changes in  cerfain  dimensions
gives important hints about the constitution of the
substance, The optical, magnetic and other con-
stants of a crystal show remarkable dependencies
in the form and now we are able to determine the
contents of the unit of pattern and sometimes go
as far as to find the position of atoms and
molecules in the unit : the constants can then be
connected directly with the contents of the umnit,
Another method of arriving at the same direction
is to work out the arrangernent of atoms in simple
crystals to completion. The laborious task cannot
at present be applied to complicated casesx. The
effect of relative positions of various groups can
be worked out and the knowledge thus obtained
applied to other cases,

Several Investigations have been recently done
along these lines. One of the resulls obtained is a
betfier understanding of the details of linkages
beltween carbon atoms. \We speak of tlie single
bonds and double bonds. There are two linkages,
the close diamond linkage and the wider graphite
hinkage. X-rav studies show diffcrences between
the two linkages thatis beyond experimental
error. 'I'he former isfound in fatty acid chains
and similar compounds where each carbon atom
has four neighbours, two carbon and two hydro-
gens, The latter occurs 1in naphthalene and
anthracene, the basis of which is the bLenzene
ring ; in these carbon has three neighbours as
in graphite. It may prove to be the case that
the former kind of bond 1z peculiar to aromatic
substances and the Iatter to the aliphatie. The
heats of combustion of diamond and graphite are
very neariv the same: so that it takes as much
encrgy to break down the four bonds in the
diamond as the three in the graphite. In such a
comparison the heat spent. on breaking the weak
bonds between the network layers of graphite is
taken to be neghaible,

Such accurate incasurciients as these encourage
the hope that there are exact rules as to distances
apart of the atorns, and very probably as to their
mutual orientation, Knowledge of these tules
1;1|w;ri11 greatly facilitate the determination of struc-

ure.




