thought to b ‘
‘he'comes out with three independent

and original ideas he is thought tobe a
genius, Ei ewton, Pauling-and - of
] ~over and and did his M.Sc. by research
“and continued on with Raman. Much

genius, B i
rick ar examples, and I should
eve that. Gopalasamudram
Naray yer. Ramachandran or GNR
as he wa;

was engaged in. His
dation

‘shapes a protei ; n, and
‘what shapes it simply cannot. His third
major idea was to show how the three
“dimensional shape of an object can be
Tecon
twWo-

‘bictures using methods of con~

the

~not only for enriching the mind and the
soul but also toward :
tion itself, Knowledge _
“was at & premium. There were scholdrs
“not.only in science an

“also-in literature, -arfs poﬁﬁcs,-*laévi:
‘had just one common goal for which -
they worked, namely, an independent,
‘strong and resurgent India. In many.
ways the family GNR came from repre-
‘sented the zeitgeist or the spirit of the
times. His father, Gopalasamudram.
Narayana Iyer, was a  professor of
‘mathematics and later the Pringipal of
“the Maharaja’s College in Ernakulum. -
Gopalasamudram itself is 2 small vil-—
Yage - on the outskirts of Tirinelveli in
e very womb of Tamilnadu, a place .

‘medicine’and ‘engineering. Th

and promoted arts, crafts,
d Titerature. GNR had hi
ratue, id

in physics at the leg-

HEN A man comes out-

| J with one original idea heis:

scalled’ brilliant. When he
omes out with fwo he is -
e extraordinary but when

: affectionately and respect-.
fully called by everybody, belonged to .
‘this class; He had at least three inde-
pendent and original ideas.to his cred-.
“it, each ofwhich moved the field that he.
St-was the eluci-
of thée structure of collagen, the
_that goes to make tendons, |
connecti and skin. The triple -
“helicat structure that he praposed for
collagen explains the function that this .

ructed ﬁ‘am ‘séries of flat {or

value in imaging

- highly

iching the na-

Tinclogy but. = ds. \
--confinent it was Linus Pauling in Cali- -

‘Intermediate degree
year 1939, he obtained - trast to this was the. I ;
teristic of other proteins sich as

The prize that r

~endary St. Joseph's College, Trichy. He
‘then went to the Indian Institute of Sci-
‘ence at Bangalore, and joined the Elec-

trochemical - - Technology =~ course.

“Within a few-months, however, he was
“attracted to and by Professor C..V. Ra-
“man who was at that time the Head of .

the Department of Physics. GNR went

of his work at that time was in the area

‘of optics, ‘waves -and -scattering. He

thentaught for a while at Institute, and
had as his colleagues a vibrant group

“including 8. Ramaseshan, 'Gopinath

Kartha, and R. 8. Krishnan who was al-
ready a Reader at that time in Physics.
In 1947 he.won-the "1851 Exhibition

‘Scholarship”, which took him to En-
.gland where he spent the years 1947 -

49 working in the group of Sir Law-
rence Bragg. After his Ph.D. from Cam-

‘bridge, he returned to the Institute of

Scienice, Bangalore  where he - taught
during 1949 - 1952, 1t was during this

~time that the classic review on optics

was written by him along vaith S. Rama-

.seshan. .o
‘The Madras helix -

" Prof. Ramachandran had by this

tirie decided 16 work-on the strictire

and shape of biological molecules, The
late 1940s-and early 1950s were a time

of great excitement in biology partic- -
ularly in ‘the newly developed area .

called biophysics. The elucidation of
the spatial disposition of atoms inmol-
ecules became possible; thanks to the
method called X-ray diffraction. it was
‘becoming increasingly exciting and

challenging with the result that people

like the Braggs; J. D. Bernal, W. T, Ast-
bury and others mounted a pro:

grammé to analyze the molecular

structures and three dimensional ar-

= chitecture of molecules as large as pro-

teins “and nucleic acids. ‘Acress’ the

fdrnia ‘who was also very active in the
X-ray stiucture determination of pro-

-eins. The idea was to shine X- rays on
“crystals or fibres of these long biolog-

ical macromolecules, spot ‘the reflec-
‘tions and diffraction spots on an X-ray

“film; and back- caleulate the structure.
‘based ‘on the geometry of the spots.
. The leading lights in this area were in.
“England, and the man who started the

veryidea of molecular biology, narely -

‘Astbury, had shone Xcrays on fibres on

‘animal proteins such as keratin, myo-

sin,epidermin and fibrinogen group of
issues. Al these substances diffracted

‘X-rays in’a particular manner that he

referred to as the alphaform. In con-
trast to this was the beta form charac-

'SPEAKING OF SCIEN

/ G.N.Ramachandran

fibroins of :silk. The first real success
came to Pauling and his associates in
1951 when they showed that some of
these proteins and polypeptide chains
were wound up-in a screw- like form
that they called the alpha helix. This is
a single stranded helical structure,
- which went to -explain not only the
structures of polypeptide chains but al-
so. of several proteins, including some
~ of the keratins, This was truly a struc-
tural.tour de force. Pauling’s helix was
rapidly confirmed by studies of X-ray
diffraction by natural protein chains in
hair and in synthetic protein chains.
There are two aspects to the Pauling
structure ‘that are noteworthy. In the
first place, the helix is-"irrational”; it
‘does not have an integral number of
amino acids residues in each turn but
3.6 residues! In having done away with
this integral number fixation, Pauling
did away with the difficulties and was
able to solve the problem in a neat
manner. Secondly, it led X-ray crystal-
lographers to study the nature of dif-
fraction. by a helical structure in
mathematical terms. Such an analysis
had.an immense influence on further
studies of biological structures. A feel
for the excitement in the area of struc-

tural biology at that time can be had - :

when we see that the double helical
structure of the DNA was also unravel-
led by Watson, Crick and Wilkins in the
year 1953, within a couple of years after
the Pauling - Corey alpha helix of pro-
- teins.o .

During these eventfulbye‘ars Rama- .

chandran moved from Bangalore to be-
come “Professor and - Head - of the
“Department of Physics of the Universi-
'ty of Madras in 1952, until 1970, It is
important to point out here is the offer
of help and assistance that was provid-

ed to'him in abundance by Professor A, -

Lakshmanaswamy Mudaliar who was
the Vice- Chancellor of Madras Univer-
sity at that time. Dr. Mudaliar knew a
gem when he saw one and he went all
out in his efforts to help, equip the lab-

oratory. ‘of Ramachandran, offer -him

staff positions so that he could recruit
young faculty and students, and pro-

vide all administrative help and re-:

move all hurdles.. In  addition
‘Ramachandran also had this wonderful
proximity. to the Central Leather Re-
search Institute with Dr. Nayudamma,
another brilliant and enthusiastic re-
_seatrcher, there. When Ramachandran
moved: to ‘Madras, a ready source of
pure animal collagen was made avail-
_able to him, thanks to Nayudamma, Set
- with this and armed with excellent col-
leagues such as' Gopinath ‘Kartha and
--G.K. Ambadi, Ramachandran set out to

Le of determining the
‘hitecture of the pro-
tein collagen. Sgccess came within a
few years and thg prototype of the cur-
rently acceptedstructure of collagen
was first put fofvard in 1954 by Ra-
machandran Kartha in a paper
published in thefournal Nature.

While Paulingfhad shown that pol-
ypeptide chains Hld themselves into a
single helix, and Watson, Crick and
Wilkins showed t§at DNA is put togeth-
er as a double hflix, it was left to Ra-
machandran angKartha to go one step
more and identify collagen molecule as
a coiled coil of tree helices wound on
one another, braiied in the manner of
i long-haired maiden

alpha helix were the
California helix gnhd if the double helix
were the Britis x, the collagen he-
lix came to be khown as the Madras

meet the challe
3- dimensional

and as an exampk of CSI
kinship, the audgorium

helix. (In a thoughtful tribute to GNR,
T I

iple Helix Auditori-
ajan, t}}e then Di-

been named t

um by Dr. G. Thy.

rector of CLRI)
It was the id

tegral number of kmino acids per turn

that led Paulingand Corey.

‘alpha helical Struds

it was the base

Watson and

" helical struciul

terms, collagen

every third m@

cinéythﬁl helpEd

formulating the

of collagen- :

original protot thicture of the Ma-
dras triple heliX need&d very little mod-
ification ¥R Wit the : highest

-ples and

g irrational'or nonin-

resolution diagrams available today.

The Ramachandran diagram

Many people would have felt a sense
of fulfilment after such a major discov-
ery but not Ramachandran. What fac-
tors go to govern the myriad shapes
that protein and polypeptide chains
adopt was a question that enticed him.
He wanted to find out the general rules
and principles behind the folding of
peptide chains into various shapes.It
was the grammar of what shapes a pro-
tein chain can take, and what it can
not, than he set out to unravel! To this
end, he asked his students, notably V.
Sasisekharan and C. Ramakrishnan, to
analyze all X-ray diffraction pictures
published until then on amino acids,
peptides and proteins and to analyse
them mathematically, so as to find out
what sets of bond angles and shapes
that they most often take. Using what is
referred to as a hard sphere model, Ra-

machandran, Ramakrishnan and Sasi-.

sekharan were soon able to write out
the entire conformational space that a
polypeptide chain can occupy. It was
possible to do so in much the same

+ manner that cartographers do when

they write out maps, based essentially
on two coordinates. These two coor-
dinates in proteins are referred to as
dihedral angles, named after the Greek
letters phi and psi. This analysis has
come to be known in protein science as
the celebrated Ramachandran map or
the Ramachandran diagram. It is in-

~deed a tribute to Ramachandran and

that each and every one of the protein
structures that has been so far been
solved (and there are at least ten thou-
sand of them) strictly obeys the princi-
the allowances of the
Ramachandran map. Ramachandran
was thus able to give a conformational
grammar to protein structure. This was
his second achievement. Sasisekharan
extended the conformational map to
DNA chains, and V. S. R. Rao did so for
sugar chains. The folding rules of these
three biopolymer chains had thus been
established by the GNR school.

His mentor C. V. Raman immortai-
ized himself in physics journals and
textbooks through the Raman effect,
and GNR has immortalized himself in
biophysics and biochemistry textbooks
with the Ramachandran diagram. In-
deed when one looks at contemporary
scientists of India, no one else has had
such recognition in professional litera-
ture and textbooks as Raman and Ra-
machandran. Many people in the
profession have felt that these two

~ achievements, namely the elucidation

of the structure of collagen and provid-
ing a grammatical basis for the three

lissed the master

dimensional shapes that a biopolymer
chains can adopt, would suffice for
award of the Nobel Prize. They both
have stood the test of time, have helped
us advance our knowledge not only in
structure but also in the function of
protein chains, and have opened up
newer ways of designing molecules, It
is indeed a pity that Ramachandran
was not awarded the Prize, and never
will be, now that he is no more. Nobel
Prizes in biology have been given for
lesser achievements, and it will remain
a sour point, at least in my mind, that
Ramachandran was not. It may justi-
fiably be said that in this case that it is
the prize who missed the master.
3-D from 2-D through convolutions
The third original idea came to Pro-
fessor Ramachandran in the late 1960s.
This had to do with the following prob-
lem. When we take pictures from X-ray
machines, radiographs or electron mi-
crographs, they come out in two di-
mensions as sheets. We need however,
to get the three- dimensional image
since the object under study is three
dimensional. How do we then get the
total three- dimensional picture? Is it
possible to reconstruct in three dimen-
sions the radiographs or electron mi-
crographs? Around that time it was
possible to try and do so by using the
method of Fourier transforms, but the
thought occurred to Ramachandran
that such three-dimensional recon-
struction can be made easier by the ap-
plication of the method called
convolutions. This method, that he
worked out with A. V. Lakshminaraya-
nan while at the University of Chicago,
led to two very interesting papers and
laid the foundations of one aspect of
what is today known as tomography - a
method used in medicine as CT scan,
PET scan and imaging. (I am told that
GNR actually tried at that time to raise
some grant money from agencies, in
order to bulid a tomograph, with no
success., What a contrast to today,
when easy money of this order is given
away to lesser mortals who put up
mega-projects with catchy buzzwords!)
The 18- year period that Ramachan-
dran spent at the University of Madras
was a golden era. Together with Dr. Al-
ladi, who was a Reader, he brought
forth a department that produced
gems as students, cach of whom has
gone on to excel in his own right, excel-
lence breeding excellence. it is worth
reflecting on what made this magic
possible. First is surely the man behind
it and the passion that he had for aca-
demic brilliance (despite a slowly de-
bilitating illness that started affecting
him already). Second is the ability to

choose students and colleagues, and
the freedom to recruit them. Third is
understanding and appreciation by the
administrators, and their willingness to
enable this to happen. It was here that
Vice Chancellors with vision such as A.
L. Mudaliar and neighbours with ready
help such as Nayudamma become vi-
tal. How I wish we find modes to make
their tribe increase!

Mudaliar left the University and the
anchor of support to GNR weakened.
Rule books were thrown at him, and he
left the University in a huff. It is here
that we must rend our appreciation to
two other men of vision and foresight
namely Drs. Satish Dhawan and S. Ra-
maseshan, who invited GNR to return
to Bangalore and start the Molecular
Biophysics Unit (MBU) at the L1.Sc. Sa-
sisekharan, Ramakrishnan and VSR
Rao went along with him to the MBU,
added more people and helped the
MBU become a globally respected cen-
tre in biophysics.

Despite his progressively weakening
illness (later identified as Parkinson’s),
GNR continued to be active, this time
in area of mathematical logic. Havin
handed MBU over to able hands, he
switched to this field and published a
series of papers on what he called as
Syad and Nyaya logic, reminiscent of
and akin to what today is called fuzzy
logic. But, alas, his iliness weakened
him and he suffered for over a decade
before he passed away.

Man of many talents

A brilliant mind has multiple inter-
ests and talents, This was true of GNR.
He was a founder member of the Indi.
an Academy of Yoga, He translated the
Bhagavad Gita in free verse in English.
He was a connoisseur of Carnatic mu-
sic, and looked deep into the grammar
of Ragfxs, His wife Mrs. Rajam was ac-
comp'l.xshed in music, as are his daugh-
ter Viji {Professor of Computer Science
at Austin, Texas) and daughter- in- law
Bharati. His sons Ramesh (Professor of
Agtr()ph){sics at Harvard) and Hari (In-
stitute of Plasma Physics, Ahmedabad)
too are mterested in music and litera-
tx}reA Besides these, GNR leaves behind
his b_rothers G. N. Mani (also trained in
physics and retired from an engineer-
ing firm) and G. N. Srinivasan (chemist,
retired from cement industry) and their
families. GNR's wife, soul mate and
helpmeet, Mrs. Rajam passed away two
years ago, a great blow that GNR did

not recover-well from. May they rest in
Peace!

e D. Balasubraman gy

L. V. Prasad Eye Ins*sipze
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