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INDIAN SOCIETY OF CELL BIOLOGY
Dear Members,
My warm greetings for the New Year 2018 to all of you!
The Indian Society of Cell Biology came into existence in 1976 and initiated bringing out the Cell
Biology Newsletter biannually since 1980 which got an ISSN in 2014. The Newsletter has been
serving as an important medium of communication for sharing the excitement of new discoveries in
Cell Biology and also for circulating news. Understanding the biology of cell, in certain ways, is as
complex as understanding an organism itself, for a large biomass of the world is actually made of
single-celled organisms. Multicellularity and functional differentiation add layers of complexities.
And therefore, it was but natural that delineation of the cellular components should have raised
myriad questions about their functions and interactions within the cell and in the society of cells.
There was a need for massive technological advancement to unravel these mysteries and to
conceptualize them in a systemic framework. Contemporary cell biology, therefore, is biology itself.
In recent years there has been a thrust of interest in understanding the cellular basis of various
diseases in order to make better therapeutic strategies. Thus over the years several areas merged
together to make Cell Biology much more broad than what was thought earlier. To exemplify this
broad view of understanding, this issue has several interesting articles.
The major activity of Indian Society of Cell Biology has been to organize its annual All India Cell
Biology Conference. This year is special as the 41st annual conference of the society is being held for
the first time jointly with the 13th congress of International Federation of Cell Biology (IFCB) and 8th
meeting of Asia Pacific Organization of Cell Biology (APOCB) at Hyderabad from 27 th to 31st
January 2018. This meeting would provide an excellent forum for show-casing research work being
carried out by budding scientists of our country and discussing the most state of art knowledge in
contemporary biology with a much larger community of cell biologists. I am certain that this
International Congress of Cell Biology would be scientifically stimulating and rewarding. Among the
other activities, the outreach programmes of delivering lectures by eminent Cell Biologists and
organizing hands-on training workshops for college teachers are praiseworthy.
I look forward to the participation of the members in all the activities of the society.

Jagat K Roy
President
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INDIAN SOCIETY OF CELL BIOLOGY

Note from the Secretariat:

Greetings, a very happy new year and apologies for the slight delay in getting this issue out!
We however hope to make up for the delay with the articles that have been put together.
While we all look forward to new findings and advances in science there is also a lot to be learnt
from the scientific journeys of researchers. Prof. Lakhotia takes us through his personal experiences
of the society, Prof. Thelma shares her journey from the Indian Mole Rat to Human Genetics and
Prof. Raman documents the contributions of the First President of the Society, Prof S. P. RayChaudhari. Each of them brings these to you in their own unique ‘story-telling’ style.
We thought of initiating a series introducing model systems which students are normally not
exposed to. Prof. Ghaskadbi wrote the first in the series on Hydra. We look forward to many more in
the coming issues.
Young students have a special place in the Indian Society of Cell Biology. Doctoral students, Amit
and Anand from BHU contributed an article on the role of Rab proteins in human cancer. We expect
to get more contributions from the young crowd.
Prof. Jha shares his memories of Prof. A. T. Natarajan who was a mentor to several young minds
from India, and also delivered the second Prof. S. P. Ray-chaudhari 75th Birthday endowment lecture
in 1986.
Finally, we have several short research updates from different laboratories across the country that
will introduce you to their research paradigms.
We thank all the contributors for taking some time out for writing these pieces.
Happy reading!!!

- Pradeep Kumar Burma
- Anju Srivastava
- Surajit Sarkar

3

Growing with Cell Biology Society
Subhash C. Lakhotia
INSA Senior Scientist & Distinguished Professor
Cytogenetics laboratory, Department of Zoology
Banaras Hindu University, Varanasi- 221005, U.P., India.

Email: lakhotia@bhu.ac.in
went on till late and when everyone left, I had to
open all the windows to let in some fresh air.
This of course invited all the mosquitoes to my
room and I had to endure them for the night!
Thus, besides good science, the cell biology
meetings provide a good social networking
forum. It is sad that many of the 'cell biology
club' are either no more or do not attend the cell
biology meetings because of old age. Their
company is indeed missed.

My first encounter with the 'Cell Biology'
community in India was in the last week of
December 1969 when I attended the 3-day long
3rd All India Cell Biology Conference at
Zoology Department of Delhi University as a
Ph.D. student. I travelled with my supervisor, Dr.
A. S. Mukherjee from Calcutta (Kolkata) to
Delhi. Presentations at the meeting were related
mostly to mammalian cytogenetics, Drosophila
cytogenetics, electron microscopic studies on
ciliates and some cancer cytogenetics and
histochemistry.

My interactions during the 1969 cell biology
conference with the 'senior' cell biologists, within
and outside the lecture halls, had remarkable
consequences for my subsequent career.
Sometimes in the middle of 1970, Dr. S. R. V.
Rao was looking for a post-doctoral fellow in
one of his research projects and he wrote to my
supervisor Dr. Mukherjee about his requirement.
By that time, I had submitted my doctoral thesis
on dosage compensation in Drosophila and was
looking for a position for further research.
Having gained experience of working with
polytene chromosomes, I also desired that I
should learn something about mitotic
chromosomes and, therefore, readily applied for
the position in Dr. Rao's lab at Delhi and joined
his lab in August 1970. During the nearly 1 year
period that I worked in his lab, I got a good
exposure in the field of mammalian cytogenetics
and karyotype evolution. My stay in Dr. Rao's
lab was cut short because I got selected for a
Lecturer's position at Burdwan University in later
part of 1971. Early in 1972, Prof. V. C. Shah,
who had moved from Delhi University to Gujarat
University, wrote to Dr. A. S. Mukherjee about a
position of Lecturer in Genetics at his Zoology
Department and indicated that I may be
encouraged to apply. I joined that department in
June 1972. A few years later, Dr. T. R. Sharma
informed me about a position of Reader in

At the end of Day 1 of the 1969 meeting, Dr.
S. R. V. Rao invited several of the 'senior'
participants to his house for a drinks-gettogether. Dr. Mukherjee was invited and
unexpectedly, I too was asked by Dr. Rao to
come along. Although I was the only student
amidst several teachers in that group, the
informal and friendly atmosphere did not let me
feel isolated. Dr. Rao's joviality has been
remarkable. Such evening get-together for drinks
and light-hearted talks became a routine at
subsequent cell biology meetings. Among the
regular members of this informal and small 'cell
biology club' were Dr. S. R. V. Rao, Dr. V. C.
Shah, Dr. C. M. S. Dass, Dr. H. Y. Mohan Ram,
Dr. A. S. Mukherjee, Dr. S. K. Sen. Dr. T. R.
Sharma and, later Dr. A. N. Bhisey. Beginning
with the 1969 cell biology meeting, I also
became a regular member of such parties,
notwithstanding the fact that I was the only
'member' who would not take the alcohol! One
such get-together that took place at the
Hyderabad meeting in 1989 is memorable. Most
of us were staying the NGRI guest house and at
the end of day's meeting it was decided to have
the usual post-dinner session and I was given the
responsibility of arranging for drinks etc and the
assembly decided to sit in my room. The 'session'
4

cytogenetics at the Zoology Department, BHU
and suggested that I should apply. I joined the
Department of Zoology of B.H.U. in September
1976 and have since then continued there.

was not in the country and interestingly, have
also attended all the meetings of its Executive
Committee, as a special invitee, when I was not a
formal member. Sitting through the presentations
made during the Cell Biology conferences has
indeed been a great learning experience- I could
know about many new disciplines and
developments in them, which I may not have
encountered in the normal course of teaching and
research., These peripheral views have been very
useful in broadening my horizon of cell biology
and obviously have helped in my teaching and
have catalyzed many new ideas for my own
research. I have indeed grown with the Cell
Biology Society meetings.

I consider it a privilege to have been
associated with the Indian Society of Cell
Biology since its planning stage. The first
meeting of the newly formed Indian Society of
Cell Biology was hosted by Prof. T. R. Sharma at
the Zoology Department, B.H.U. in January
1977. Since I had already joined this department
in 1976, I was actively involved in its
organization. I also was elected a member of the
1st Executive Committee of the society. I have
attended all the annual meetings of the ISCB,
except the one held at Madurai in 1984 when I

First All India Cell Biology Conference at Banaras Hindu University in year 1977
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Sachi Prasad Ray-Chaudhuri: The First President of the ISCB
Rajiva Raman
CSIR Emeritus Scientist & Professor Emeritus
Cytogenetics laboratory, Department of Zoology
Banaras Hindu University, Varanasi- 221005, U.P., India
Email: rajiva.raman@gmail.com
work with him. Ray-Chaudhuri got the chance
to work under him on the genetic effects of
extremely low dose radiations in the fruit fly
Drosophila. He demonstrated that exposure to
even a low dose of radiation is injurious to the
genetic material, proportional to the high doses.
His thesis adjudicator was the celebrated
biologist Prof. JBS Haldane, who was later
instrumental in his initiating Drosophila
Genetics research and teaching in India. RayChaudhuri’s return back to India was delayed
due to the outbreak of the II Word war. He
gainfully utilized this waiting period in learning
techniques of chromosome preparation from Dr
P. C. Koller, a faculty in the Institute. This
training made Ray-Chaudhuri a cytogeneticist
which stood him in good stead when he came
back to India, and joined Calcutta University in
1940 as an Honorary Lecturer. With the war at
its peak and facilities nonexistent for setting up
a Drosophila lab, Ray-Chaudhuri used his
knowledge of cytogenetics and access to an Xray machine in the Cancer Institute at Calcutta
to great effect in developing biological
dosimetry and chemical protection against Xrays using chromosome aberrations in
grasshopper meiotic chromosomes. His interest
in chromosomes as a driver of evolutionary
process, especially of the sex chromosomes and
in polytene chromosomes of Drosophila larvae,
all blossomed during this period. By another
stroke of luck, Ray-Chaudhuri got back to
Drosophila genetics around 1955-56, when JBS
Haldane, happened to visit him in 1954. On
discovering that Ray-Chaudhuri was unable to
work on Drosophila genetics for want of lab
facilities, Haldane approached the then Prime
Minister, Jawaharlal Nehru, expressing his
desire to settle in India, and have a working lab

The Indian Society of Cell Biology (ISCB)
formally came into being in1976. It chose Prof.
S. P. Ray-Chaudhuri, former Head, Department
of Zoology of Banaras Hindu University as its
first President. He was a doyen among the
cytologists of that time in India. Some of his
illustrious contemporaries and predecessors
were Prof. Vishwanath of Punjab University
and Prof B.R. Sheshachar of Delhi University.
Prof. Vishwanath was well-known for his work
on extra nuclear cytology, and Prof. Sheshachar
for protozoan biology. By 1976, however, they
had retired and ceased to be active but they had
left active groups of workers in their respective
institutions. In fact, the idea of forming a
society of Cell Biology originated during one
of the Cell Biology meetings (held in 1975) that
Department of Zoology of Delhi University
used to periodically organise under the
stewardship of Prof. Sheshachar. RayChaudhuri too had retired from BHU in 1971
but continued to be active in research in
Calcutta University until the late 1980’s. Prof.
Ray-Chaudhuri’s contribution to Cell Biology
research derives from his expertise in
chromosome biology. Following is a brief
sketch of his career as a cytogeneticist, and as a
propagator of modern biology in Indian
Universities.
Born in the Barishal district of Bengal (Now
in Bangladesh) on 7th September, 1917, S. P.
Ray-Chaudhuri obtained his Masters degree in
Zoology from Calcutta University, and did his
Ph.D. from the Institute of Animal Genetics,
Edinburgh, UK (1937-1939). Pioneer radiation
geneticist, Herman Joseph Muller (Nobel
Laureate), had reached Edinburgh after fleeing
from the oppressive anti-genetics regime of
Soviet Russia, and was recruiting students to
6

on Drosophila genetics in Calcutta University.
That lab was then passed on to Ray-Chaudhuri
to initiate researches in Drosophila. Thus
started the ‘ambience’ of Genetics in India, and
Ray-Chaudhuri grabbed the opportunity in its
totality. Later years are a witness of how
research in animal genetics and cytogenetics
flourished in India, for Ray-Chaudhuri not only
set up the lab in Calcutta University Science
College and worked in diverse areas but strove
hard to see that Genetics and cell biology (then
cytology) was taught at every level of
University education in India.

organisms for several generations demanded a
different mind-set that had the desire and
determination to learn newer things, understand
and internalize them, and articulate them before
the students. In his Presidential address to the Ist
All India Cell Biology Conference, held at
Varanasi in 1977, Ray-Chaudhuri put this
difficulty as cogently as only he could. He said
“The reason for my delay in introducing DNA
double helix in the class was my own
deficiency in training, and understanding the
arguments in favour of the proposed
structure….It was not easy to replace DNA for
protein as genetical material… It became
gradually more and more difficult for me to
teach genetics when I had to handle coding
principles and central dogma”. Those of us who
had the singular privilege to be able to attend
Prof. Ray-Chaudhuri’s class room lectures
would vouch for me that there wasn’t another
interpreter of these principles as clearly and
lucidly as he was. Therefore, what he described
for himself was to a far greater degree the
problem of others, exacerbated by the
ignorance of the contemporary state of
knowledge.

While genetics research and teaching was

Prof. Sachi Prasad Ray-Chaudhuri

Prof. S. P. Ray-Chaudhuri’s full potential as
a “scholastic builder” - as the renowned
cytogeneticist T.C. Hsu called him - came to
full effect when he joined Banaras Hindu
University as Head of the Zoology Department
in 1960. He transformed the Department not
only through its new building, new faculty and
new teaching curricula but by introducing a
climate of vibrant urgency, that of catching up
with the fast moving world of biology by doing
state of art research. Besides setting up a
laboratory for Drosophila genetics, he started
the first tissue culture lab in the University setup in India for chromosome preparations from
lymphocytes of not only human but diverse
vertebrate taxa. Radiation dosimetry of human
chromosomes and discovery of W-chromatin in
snakes were the outcome of his research work
in cytogenetics at Banaras Hindu University. It
won’t be an overstatement to say that he not
only introduced modern subjects including Cell

making small inroads into Indian science
firmament, the wind of change in biology in the
decade of 1950s was sweeping the scientific
world so strongly that it catapulted biological
sciences at the very centre of thought process
attracting scientists from different disciplines.
A quick recap of that decade could be
instructive: The double helical nature of DNA
was discovered in 1953, human chromosome
number as 46 was established in 1956, the
central dogma and genetic code were
established the same time, amniocentesis as
means of prenatal diagnosis and many more
discoveries and concepts came in quick
succession. I specifically mention it because,
biology in India at that time was taught mainly
as a “post-mortem, descriptive” subject with
less emphasis on experimentation and even less
on concepts and logic. Within such a straitjacketed system, teaching of newer concepts
and introducing experiments with live
7

Biology in his own teaching units but worked
assiduously to get them included in teaching
curricula of most Indian universities. It will
perhaps be relevant to quote again from his
Presidential address, referred to above, “To
foster teaching and research in cell biology in
my mind are the most important task
confronting us…..The only remedy is to have
graded course in the molecular aspects of cell
biology from B.Sc. onwards for the simple
reason that the cell is the common denominator
of all the living forms….We should realize that
cell biology cannot remain at the periphery of
biology course as an esoteric subject but must
come at the centre, and around it the whole
course should be built up”. He went on to state
“The (Cell Biology) Society should make an
attempt not only to propagate this realization
but take effective step to bring out the effective
change”. Spoken in 1977, these words retain
their relevance even today. In 1982, AICB
created a “Prof. S.P. Ray-Chaudhuri 75th Birth
day Endowment Lecture” which is delivered by
a distinguished Indian Cell biologist every
alternate year.

The last 50 years of biological science have
been witness to the making of several
revolutions: the manipulation of genetic
material developing into recombinant DNA
technology, unraveling of whole genomes of
human and various organisms, improved
biomedicine, bio-agriculture, biotechnology,
and incorporation of it all in a systemic
framework. The AICB can look back with
some sense of satisfaction at its role in fostering
science in India in the past 40 years. The everchanging scientific texture of its annual
conferences bears testimony to the growth of
biology in India as also of the society. It has
also, through its workshops and booklets etc,
helped in teaching of cell biology in colleges
and universities. The organization of the joint
meeting of the International Federation of Cell
Biology (IFCB), Asia-Pacific Organization of
Cell Biology (APOCB) and the Indian Society
of Cell Biology (AICB) in 2018 is a natural
advancement of which we could be proud. Prof.
Ray-Chaudhuri passed away on 15th February,
1994. He has left a legacy that lives and
inspires like a beacon.
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From the Indian Mole rat to Human Molecular Genetics: the Journey
Thelma B.K
Professor
Department of Genetics, University of Delhi South Campus
Benito Juarez Road, Dhaula Kuan, New Delhi -110021, India
Email: thelmabk@gmail.com

"Fortune favours the prepared mind" - Louis
Pasteur

Mumbai. Prof. Siddiqui told me to train in silk
worm culture at Agriculture University in
Bangalore and get back to him. It was at this
time that I was awarded a research fellowship
and had the opportunity to pursue a Ph. D at
the Centre of Advanced Studies in Zoology at
the University of Delhi. Of the three faculty
members I was supposed to meet with for the
purpose of finding a thesis adviser, one of
whom was a developmental biologist, another
a proto-zoologist and the third a mammalian
cytogeneticist, my preference was obvious.
Luck was on my side since only Prof. S.R.V.
Rao, the cytogeneticist, was available on that
day, simplifying my choice and cementing my
preference. He went on to be my mentor for
the rest of my academic career. I expressed my
interest in doing human genetics/ cytogenetics
in that very first meeting. “Doctors are a very
difficult lot, so for your Ph.D you should work
on the chromosomes of a fascinating rodent,
Nesokia indica, the Indian mole rat and, after
that, you can choose a human genetics lab for
your postdoc”, he said. I took his advice and
began my exciting work on Nesokia
chromosomes. Injecting colchicine into this
wild rat, flushing out the marrow from its long
bones and making metaphase chromosome
plates became a daily affair until I was able to
prepare
picture
perfect
metaphase
chromosome spreads- a skill which has stood
me in good stead till today.

I recall looking up to doctors in my early
days. I was immensely impressed by their
dedication to helping the sick and I remember
that passion to serve being the driving force
behind my desire to study medicine. I was 13
years old when matriculated and since one had
to be at least 16 years old, in those days, to get
into the medical school, the only path available
to me was to first complete a Bachelor’s
degree in science and then pursue a degree in
medicine which was not uncommon at the
time. My family, however, felt that switching
to medicine would be a waste of the three
years I’d already spent at university and
encouraged me to do a Master’s in Zoology
since that was the closest to what I was
interested in and then continue on to a Ph.D in
a related area. This marked the beginning of a
career that has unexpectedly come full circle. I
did not tend to patients directly, as I had hoped
when I was young, but have spent the last
three decades studying
the genetics
underlying diseases and translating those
findings into DNA based testing and
prevention and, some day, into newer
therapeutics. This is a recounting of the
unexpected path that led me there.
After a Master’s in Zoology, from
Bangalore University, there were numerous
areas that I could have chosen to work in.
Keeping my deeper interest in mind and not
wanting to do a Ph.D in the parent department,
I approached a few big names in Genetics like
Dr. N. K. Notani at Bhabha Atomic Research
Centre and Prof. Obaid Siddiqui at TIFR,

The X and Y chromosomes are large and
really unique in this species, with a huge
amount of
constitutive heterochromatin,
commonly known as repetitive sequences,
which would break off at specific sites to
9

result in highly polymorphic (differently sized)
chromosomes. There were five types of X and
four types of Y chromosomes arising from
such non-random break points in the
heterochromatin. The focus of my research
was on characterising these sites using
different
strategies.
Bromodeoxyuridine
labelled chromosomes enabling visualisation
of semi conservative mode of DNA
replication, sister chromatid differentiation and
sister chromatid exchanges, showed beautiful
exchanges at the four deletion sites on the X
chromosomes.
These were subsequently
shown to be folate sensitive fragile sites a
couple of years later by a junior labmate.
Through the 70s and early 80s, cytogeneticists
– both established and budding, from the four
major schools namely Calcutta, Delhi, Mysore
and Varanasi formed the active core of annual
cell biology meetings together with a large
contingent from Cancer Research Institute,
Mumbai. As most of these groups did not
work on human genetics, membership to the
Indian Society of Human Genetics, which was
then by invitation/nomination, was out of
reach for them. So the cell biology conferences
were a great opportunity for both professional
and personal interactions.
Sharing the
exciting demonstration of late replication of
the inactive X-chromosome, non-random Xinactivation of polymorphic X-chromosomes
etc. and very valuable discussions with seniors
in the cell biology fraternity remain
memorable. The valuable early training,
healthy interactions, wonderful collegiality
and genuine love and friendship across senior
members which percolated down to younger
colleagues and Ph.D. students from these pan
India participating groups contributed greatly
to my development as a researcher.

my return to the parent lab at Delhi University,
I attended an excellent short term training
course in molecular biology– the first of its
kind in the country, conducted by faculty such
as Professors Edwin Southern of Southern
blot, Kenneth Jones and Lalji Singh of Bkm
sequences fame etc. I was back to working on
Nesokia X-chromosomes with a faculty
position in the genetics department, but with
increased
complexity,
doing
LASER
microdissections and cloning of DNA
fragments from those specific X chromosome
deletion sites. In collaboration with my first
Ph.D. student, we identified clones therein
which had homology with TN 1000 elements.
It was a wonderfully interesting find and the
resulting paper was returned for very minor
revision from Nature Genetics in 1995, but
never got completed! We had begun to feel the
strain of maintaining the rodents at the
campus. It was around the same time that the
TN 1000 excitement was on in the lab and the
FMR-1 gene with the CGG trinucleotide
repeat expansion responsible for the human
fragile–X syndrome, the most common cause
of inherited mental retardation, was discovered
by Ben Oostra’s group in the Netherlands.
This propelled us to question if such CGG
repeat expansions or the like at these sites
were present at the deletion sites leading to
naturally occurring polymorphism, and the
folate
sensitive
fragile
sites
which
corresponded to the same regions; and if that
was a possible mechanism for
defined
deletions/fragility that we had observed on
Nesokia X chromosomes. We were lucky to
get a couple of probes to detect pre-mutation
and full mutation states of FMR-1 from Prof.
Oostra and to test on Nesokia DNA. Of
course, we had to have human DNA samples
as controls. As we had suspected, what we
saw on a Southern blot was precisely a single
copy of FMR-1 in Nesokia, much like that in
humans. This was a little disappointing for
Nesokia work but it marked the jump from
Nesokia fragile sites to human fragile sites to
human diseases. With the success of Fragile X
mutation detection in humans by Southern blot

Armed with a Ph.D and cytogenetic
techniques, I went on to a post-doc fellowship
at the children’s hospital, Basel, Switzerland
with Prof. Dr. Hans Jakob Muller, where I
spent a year working on the chromosomal
basis of human male infertility by in vitro
fertilisation assays in golden hamsters. Upon
10

from the first try, there was no looking back
and the exciting race began– we moved on to
get the first DBT funded project to establish
molecular diagnosis of fragile–X syndrome in
the country.
With Prof. Meena Gupta,
erstwhile Professor and Head of Neurology,
GB Pant Hospital, New Delhi as the clinical
collaborator, Hagerman and Silverman’s book
“Fragile X syndrome: diagnosis, treatment and
research” (Johns Hopkins University Press,
1991) as a bible, and over-head projections
(since this was in the days before power point)
showing photographs of representative western
children with fragile–X syndrome, copied
from the book, we started making the rounds
of special schools in Delhi. We were
addressing teachers and reaching out to
parents, all to identify putative fragile–X
positive kids based on the characteristic
phenotypes of long face, flapping ears, arched
palate, squint eyes etc and most importantly,
family history, if any. All we had was a check
list of clinical features with not even a single
file photo of an Indian Fragile X child to
show; but through the unstinting co-operation
of teachers and parents alike, our list of
putative positives began to grow. The first
seven year old boy thus suspected at The
Enabling Centre, Lady Irwin College, the
school that we started with, gave us the first of
the several positives that were to follow. The
utter joy and satisfaction of providing that first
reproducible molecular diagnosis for the
affected child; confirming the carrier status of
his mother and determining the status of his
sibs and other likely carriers among the
extended family keeping the X-linked
inheritance pattern of fragile X in mind;
making prenatal diagnosis a possibility for the
carrier mothers to be in the extended family;
the ultimate relief for the parents of finally
knowing the cause for their child’s disability;
and now having the choice of having a healthy
baby has remained unparalleled. Visits
extended from schools to special homes for the
differently-abled; and on to family homes to
identify older affected individuals, in order to
understand the disease associated features

among them. These visits, to establish founder
effects, if any, in our study population,
continued for several years. A few medical
doctors were trained in the lab to spread the
knowledge of diagnostic and prevention
possibility in this rather common inherited
intellectual disability condition and more such
efforts were made. Diagnosis by Southern blot,
the gold standard, continues to be offered in
the lab for referral cases from all over the
country. Our efforts to identify novel causal
genes for intellectual disability (ID) continue
with Prof. Madhulika Kabra, our clinical
collaborator at AIIMS and MID2 for X-linked
intellectual disability is one of our recent
contributions to OMIM.
The rigour of today’s Institutional ethics
committee for research on human subjects was
absent in those days. However, the first DBT
funded project demanded that we include a
genetic counsellor in the project. At the time,
we had absolutely no idea where we could find
one but the officer at DBT suggested we get in
touch with Dr. Smita Deshpande, a psychiatrist
at Dr. R.M.L. Hospital, New Delhi. She was
on maternity leave but was kind enough to
agree to meet with me. That meeting turned
out to be serendipitous for us both. She was
desperately looking for a researcher to work
on the genetics of Schizophrenia (SZ) and I
was in search of a genetic counsellor! This
opened the doors for a second novel human
genetics related project and a productive and
still continuing collaboration with Prof.
Deshpande and Prof. V.L Nimgaonkar of the
Western Psychiatric Research Institute of the
University of Pittsburgh, USA on this
challenging mental illness.
Unlike the
straightforward success with translational
medicine that we experienced with the fragile
X syndrome, SZ research has been very
exigent. Thanks to next generation sequencing
technology though, we have been able to move
on from years of candidate gene based
hypothesis testing with poorly replicated
findings across ethnic groups to hypothesis
free discovery genomics - a major leap indeed.
11

Insightful findings of rare variants in genes of
considerable functional relevance for SZ
aetiology emerging from whole exome
sequencing of several families with SZ with
implications for much needed newer
therapeutics, particularly with evidence based
drug repurposing approaches, are very
encouraging. It was only natural then to add
on the study of pharmacogenetics of
commonly used antipsychotic drugs and other
iatrogenic disorders along with SZ which
attracted a two term Indo-Israel funding
support for collaborative research with Prof
Bernard Lerer of Hebrew University,
Jerusalem.

together with us on the PD project. This work
again gave us several “First ever” findings
from India and today we proudly claim
discoveries of putative causal genes such as
PODXL, RIC3, etc for both late onset and
juvenile onset of PD using informative
families that our collaborators recruited from
across our country.
With a proven track record in medical
genetics by now, another Indo-US cross
national dementia project with Dr. Mary
Ganguli, University of Pittsburgh, USA and
Dr. Vijay Chandra of Centre for Ageing
Research in India, New Delhi came our wayto genotype a risk variant in the APOE gene,
in a 5000 sample cohort, from Ballabgarh, the
community study site of AIIMS. The lab was
like a factory churning out gel after gel to
genotype the samples, which actually revealed
a very low frequecy of the APOE4 allele, the
risk allele associated with Alzheimer’s disease,
in the study cohort.

SZ is a neuropsychiatric condition affecting
adolescents and young adults. On the other
hand, Parkinson’s disease (PD) is generally a
disease of the elderly and is a progressive
neurodegenerative condition. Yet the central
molecule is dopamine in both cases – in SZ it
is the excess of dopamine and in PD it is the
deficiency of dopamine which underlies the
pathology.
Despite extremely different
etiological mechanisms underlying these two
conditions, it seemed an attractive addition to
the repertoire of brain disorders being
researched in the laboratory. With a molecular
geneticist collaborator, Dr. Ramesh Juyal of
National Institute of Immunology, New Delhi,
our search for clinical collaborators for PD
began soon after. We approached the well
renowned Prof. G.K. Ahuja, a former
professor and Head of Neurology at AIIMS,
New Delhi. Having moved to a private
hospital catering to the elite, whose identities
could not be revealed, he suggested we
approach his mentee, Prof. Madhuri Behari,
who was a well-known movement disorder
specialist at AIIMS at that time. We were
delighted at her enthusiastic consent to
collaborate. Diagnosis of movement disorders
such as PD is believed to be the forte of
specialists but also suffers from misdiagnosis.
But luckily Prof. Behari and Prof. Uday
Muthane, another expert of repute at
NIMHANS, Bangalore, were happy to work

In my opinion, most research scientists tend
to pursue esoteric research whereas questions
that a clinician asks tend to have more applied
value. In one of the rather unusual meetings
arranged by the Department of Biotechnology
wherein clinicians from different fields and
basic science researchers were brought
together to identify potential collaborative
projects, Prof. Ashok Kumar, a rheumatologist
from AIIMS, asked a very important question.
He wanted to know if geneticists could explain
why only 60% of Rheumatoid Arthritis (RA)
patients respond to methotrexate, the first line
of treatment, given that all non-genetic
confounders are adjusted for. With our prior
experience
in
pharmacogenetics
of
antipsychotic drugs, we were the choice to
carry out this work and we happily took on
this project which had immense clinical
applications. This started our foray into an
inflammatory disorder and which has notably
moved on from discovery to functional
genomics to attempts for developing predictive
testing and possibly new lead molecules for
RA.
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Going beyond the brain disorders with
work on RA being initiated in the lab was
further facilitated by the persistence, this time
of a gastroenterologist Prof. Ajit Sood and his
colleague Dr. Vandana Midha of Dayanand
medical college and research centre, Ludhiana
and Dr. Devendra Amre, St. Justine hospital,
Montreal, Canada and a collaboration with
them on the genetics of Crohn’s disease and
ulcerative colitis, the two clinical forms of
Inflammatory bowel disorders (IBD), an
emerging
disease
group
in
India.
Demonstrating that the famous SNPs 8, 12 and
13 on CARD15/NOD2 gene, the highly
significantly associated gene with Crohn’s
disease, were monomorphic among Indians,
remains an absolutely novel find. Many more
candidate genes analysed and embarking on
Genome-wide association studies (GWAS)
soon after its appearance on the post human
genome project genome research canvas,
leading to the identification of several novel
risk genes associated among Indian ulcerative
colitis patients has carved out a niche for us in
global IBD research. This inflammatory
condition could be effectively explained as a
good
example
of
gene-environment
interactions. With a tractable environmental
component in the gut microbiome in IBD,
metagenomics is our current focus. A request
to perform Celiac disease genetics came along
the way from the same clinical group and that
has also been a very satisfying project.
Happily, both these projects are now being run
by the young scientists who worked on these
complex disorders for their Ph.D degrees in
the laboratory.

monitoring committee. Our argument was that
based on literature, and the nature of the brain
disorders that we had experience working on,
it was unlikely that we would add any new
knowledge whereas IBD & RA would be far
more informative. Our expectations turned out
to be true! We found novel risk genes both in
RA & IBD hitherto unreported in any large
Caucasian GWASs on these conditions. This
major discovery genomics project supported
through a Centre of Excellence Grant in Phase
I, has provided useful leads to pursue
translational research in Phase II, wherein we
are currently working towards understanding
disease biology using RNAomics approaches
and animal models, and newer therapeutics
with lead molecule development efforts.
Through these years of exciting medical
genomics research, one item on my wish list
was to see new-born screening (NBS) for
inborn errors of metabolism (IEM), made
mandatory in the country. I really wanted to
see some translational work happen beyond
Fragile X chromosome and limited PD gene
diagnosis. IEMs are typically autosomal
recessive disorders and some of these are
treatable if diagnosed very early. This is a
public health program that has existed in
developed and several developing countries
for over 50 years, but sadly not in India where
neither the epidemiological data for these
conditions nor routine testing is available. My
efforts of over a decade, trying to get the
program started by meeting with multiple
decision/policy makers in funding agencies,
were finally rewarded through support from
the Scientific Advisory Council to the Prime
Minister (chaired by Prof. C. N. R. Rao) and
the vision of Dr. T. Ramasami, the then
secretary of the Department of Science and
Technology to provide major funding support.
With clinical collaborators from over 20
hospitals across Delhi state, we have now
completed screening of over 200,000
newborns to generate the first ever
epidemiological data in the country and the
mutation spectra for the disease positive cases

At this point, when the opportunity to move
from candidate genes to hypothesis free
Genome-wide Association Study (GWAS)
came our way, we were ambitious and wanted
to perform GWAS on SZ, PD, IBD, RA and
Cardiovascular disease (CVD). However, with
funding support for only two conditions and
based on our long experience in all these
diseases, we chose IBD and RA rather than SZ
& PD, much to the annoyance of the
13

identified. Based on the findings, mandatory
testing for three common conditions namely
Congenital
hypothyroidism,
Congenital
adrenal hyperplasia and G6PD deficiency has
already been approved in Delhi state and more
states are likely to adopt the programme,
which is of immense public health relevance.
NBS is a great example of a simple technology
for the masses. It seems to have now caught
the interest of the clinicians, but why they
hadn’t thought to pursue this as a routine
before now remains a mystery.

culture in the country together with healthy
competition among Ph.D students. Assigning
different yet related aspects of projects, which
would converge at some point, to Ph.D
students was the best we could do. In
retrospect, I think it worked out well as it
enabled us to learn a lot from comparative
disease genomics and identifying shared
pathways across groups of disorders which is
very relevant in today’s context of systems
biology, drug repurposing etc. The COE
project is an example of this. Moreover,
discovery genomics has no boundaries – while
the methodology and central questions are the
same, each disease is unique, preventing the
work from being labelled as replication
studies. The DNA banks created for the
different disorders that we worked on have
emerged to be valuable in our efforts to
identify novel disease causing/ risk genes for
ID, SZ, PD and so on.

Finally, a most gratifying fallout of all
these years of working on genetics of complex
disorders such as SZ, PD, RA, IBD etc. is our
attempt at Ayurgenomics- which is an
effective combination of the principles of
Ayurveda for subgrouping of study subjects
into vata, pitta and kapha prakriti
(constitution) groups to obtain homogeneous
subsets to perform genome analysis on. This
truly Indian individual classification approach
is expected to overcome the major limitation
of phenotypic heterogeneity which has
plagued genetic analysis of complex traits
globally
for
decades
and
hindered
identification of susceptibility genes and
thereby progress in their prediction and
prevention. This ancient wisdom of Ayurveda
combined with contemporary genomics tools
we believe would help advance the much
sought
after
predictive,
preventive,
personalised and participatory (P4) medicine.

For all the opportunities and successes in
my journey as a university based researcher, I
owe a debt of gratitude to the bright and
committed Ph.D. students I’ve mentored over
the years, the extremely conducive atmosphere
for research in the Genetics Department at
South Campus, the utmost co-operation from
academic and administrative heads enabling us
to move on effortlessly in our research
endeavours and the valuable support from
peers and funding agencies. For all the
aspiring young scientists who are just
beginning their journeys, I hope this has
helped illustrate that there are many different
paths you can walk to achieve the goals closest
to your hearts and they are no less rewarding
for not having been the most obvious or direct
ones.

Instead of concentrating on a single area
and growing my career vertically, I chose to
do a variety of projects with a common thread
running through them. This was mostly
because it was necessary to strike a balance
since there was almost no post-doctoral work
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part of the sister group of bilaterians that
shows a relatively less complex form of
metazoan organization and physiology.

Hydra, a fresh water Cnidarian was first
described by Abraham Trembley in 1744 and
has since emerged as a powerful model system
to address various questions in cell and
developmental biology. It has been a favorite
model to study morphogenesis and pattern
formation because of some of its unique
features, such as, maintenance of axial
polarity, spectacular ability of regeneration,
absence of cellular senescence, maintenance of
stemness, and peculiar tissue dynamics.
Recent use of hydra for studying aspects of
immunity,
ecotoxicity,
neurophysiology,
symbiosis, etc., has further increased its utility
as a powerful model system. Hydra has a
unique position in the evolutionary tree; it is

Hydra is a fresh water animal with a
cylindrical body and measures 5-15 mm in
length. Given that hydra contract and extend
frequently, it is difficult to obtain their correct
measurements in live conditions. Hydra
exhibit radial symmetry and a well-defined
oral-aboral axis. The oral end comprises of a
conical hypostome surrounded by a ring of
tentacles, while the aboral end consists of
mucous-secreting basal disc or foot which aids
in the attachment of hydra to the substratum
(Fig.1). Hydra is diploblastic, with outer
ectoderm and inner endoderm which are

Fig. 1. Schematic representation of hydra morphology showing different regions and tissue layers.
Diploblastic organization of body wall of hydra showing distribution of various cell types. (Redrawn from
Technau and Steele, 2011).
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separated by a thin acellular mesoglea, made
up of extracellular matrix proteins such as
collagen, laminin, etc., which acts as a
basement membrane for both the tissue layers
(Martin et al., 1997). The germ layers are
derived from actively dividing multipotent
ectodermal and endodermal stem cells
(Martinez and Bridge 2012). A third type of

along the lower body column, near the
budding region.
Tissue homeostasis
plasticity

and

developmental

Tissue homeostasis is highly dynamic in
hydra which helps it in maintaining
equilibrium between cell production and cell

Fig. 2. Tissue dynamics in Hydra. Schematic showing epithelial cell movement. Epithelial stem cells give
rise to epithelial cells and interstitial stem cell give rise to different cell types (redrawn from Martinez and
Bridge, 2012).

loss. Total mass of hydra is thus kept constant
by displacing the cells along the body column
in the form of growing bud or from the
extremities. Both epithelial cell layers are
continuously active in mitotic phase and are in
steadystate of production and loss of cells.
However, cells at the apical tip of hypostome,
tentacles and foot are terminally differentiated.
About 90% of epithelial cells show a cycling
time of about 3-4 days while i cells cycle
much faster, in1-1.5 days (Martinez and
Bridge, 2012). As a result of continuous cell
proliferation and migration, differentiated cells
from the middle of the body column migrate
towards the two extremities and are sloughed

stem cell lineage, made up of the interstitial
cells (i cells), reside within the ectodermal
epithelial layer and give rise to neurons,
nematocytes, gland cells and even gametes
(Bosch et al., 2010). Hydra show both asexual
and sexual modes of reproduction. Under well
fed conditions, they reproduce asexually, by
budding while during unfavourable conditions
(drastic change in temperature) they opt for
sexual mode of reproduction. During sexual
reproduction, dome shaped translucent testes
develop as protrusions of ectoderm along the
upper body column, while oocytes develop
from interstitial cells from the epithelial layer
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off in about 20 days; these are continuously
replaced by new ones which acquire position
specific structure and function (Fig. 2).

of sexual reproduction. A large number of
genes are shared between hydra and humans.
While hydra shares about 6071 genes with
humans, the popular model systems,
Drosophila and C.elegans share 5696 and
4571 genes, respectively, with humans. This
makes hydra a powerful model system to study
genes associated with stemness, aging and
longevity. Hydra represents a unique model
for studying ageing and senescence as cell
death is very low under well fed conditions
and takes place only at the apical tip of the
hypostome, tentacles and basal disc, where the
differentiated cells are removed and replaced
by newly formed cells from the body column.
A tight balance between cell proliferation and
cell death coupled with peculiar tissue
dynamics is the reason for lack of senescence
in hydra.

Patterning processes are quite interesting in
hydra. Hypostome acts as an Organizer and
influences the pattern formation and
maintenance of morphogenetic gradients in
hydra. Small tissues of hypostome when
grafted on to the body column of a host hydra
induce secondary axes. This indicates the
occurrence of communication between
different cells. Peculiar tissue dynamics,
patterning processes and morphogenesis that
occur normally in embryonic stages of an
organism are continuously active in the adult
polyp. Hydra polyp is therefore often referred
to as a ‘perpetual embryo’ which allows one to
study several embryonic phenomena in an
adult organism.

Regeneration

Stem cells, ageing and senescence

One of the probable major contributing
factors for the evolutionary success of hydra is
its remarkable power of regeneration. The
freshwater hydra is a classical model to study
cellular and molecular basis of regeneration
because of its ability to regenerate its lost body
parts. When a polyp is bisected into two
pieces, the upper half regenerates a foot while
the lower half regenerates a head. Similarly, if
a polyp is trisected, each part will regenerate
the lost body parts while maintaining the
polarity of the organism. A small pellet of
about 100 cells is also believed to be capable
of regenerating into an entire organism.

Characteristic feature of aging is the
decline of cellular functionality with
simultaneous accumulation of DNA damage,
increased sensitivity to environment and
pathological processes and genome instability.
One of the main reasons for the almost
unlimited life span of hydra is the infinite selfrenewal capacity of its three adult stem cell
populations. Expression of FoxO by all three
undifferentiated stem cell populations has been
reported with highest expression in the i cells;
this decreases once they become terminally
differentiated. This suggests a role of FoxO in
maintenance of stemness and longevity of
hydra. Since homologues of FoxO are
identified in humans, it is important to study
the signaling pathways in hydra to understand
the molecular basis of aging and senescence
(Boehm et al., 2012).

Hydra exhibits two modes of regeneration,
morphallaxis and epimorphosis. Morphallactic
regeneration by means of reorganization of the
existing cells without cell division occurs
during decapitation or apical bisection, where
terminally differentiated cells are present.
However, epimorphosis type of regeneration
involves cell division and occurs during
midgastric bisection (in the body column)
where large population of interstitial stem cells
resides. Mechanisms driving pattern formation
from homogenous cell clusters is a

Hydra cells exhibit amazing plasticity and
hence are used for the study of stem cells,
aging and regeneration. Under laboratory
conditions, Hydra vulgaris does not show
cellular senescence and can live indefinitely
without any signs of ageing, while H. oligactis
undergoes ageing and dies after a few rounds
17

fundamental question in developmental
biology. Since hydra has the ability to
regenerate from clumps of dissociated cells
with correct polarity, they can be used for
understanding the basics of such phenomena.

players that regulate vertebrate patterning
processes are already functional in hydra and
provides a framework for investigating
evolution patterning systems.
Toxicity testing

Nervous system

Hydra has become a potential alternative
model for assessment of toxicity of aquatic
pollutants in recent years. All cells in hydra
are constantly exposed to the surrounding
medium making it susceptible to minute
quantities of toxicants in the medium
(Patwardhan and Ghaskadbi, 2012). While the
ectodermal cells are in continuously exposed
to aqueous environment from outside,
endodermal cells are in contact with the
medium in the gastric cavity. Ease of
maintenance and rapid reproduction of hydra
by means of asexual budding allows one to use
hydra in large numbers under laboratory
conditions. Hydra are susceptible to both metal
and organic contaminants at short exposure
times which allows a rapid method to assess
effects of environmental pollutants. Toxic
effects of contaminants can be evaluated at
different levels in hydra: morphological and
physiological
changes
that
include
contractility, altered rate of budding and
regeneration, inability to attach to the
substratum, etc. (Patwardhan and Ghaskadbi,
2013; Yum et al., 2014). Morphological
changes in hydra are easily observed since it
possesses a translucent body with just two
germ layers. A ten-point scale proposed by
Wilby has been in use for monitoring the
morphological changes in whole and
regenerating polyps (Quinn et al., 2012). Since
many signaling pathways are conserved from
hydra to humans, it will be interesting to
identify the molecular biomarkers for risk
assessment of environmental toxins (Zeeshan
et al., 2016; Zeeshan et al., 2017). Studies
have shown that it is possible to evaluate the
effect of toxicants on the biological response
of hydra using the ten-point scale even at low
doses. Hydra thus acts as an efficient and
alternative in vivo animal model for use in
preliminary screening of toxic compounds that

Hydra exhibits one of the simplest nervous
systems in the form of a simple nerve net
made up of a large number of interconnected
neurons. Neurons occur in both germ layers
but are heavily concentrated in the hypostome
and tentacles (oral end) and foot (aboral end)
(Hager and David, 1997). Appearance of a
nervous system for the first time during
evolution is of great interest since it provides
insights into the beginning of increasingly
more complex and more efficient nervous
systems in different taxa of animals. The
driving forces behind patterning of the nervous
system are poorly understood. However,
several genes that are involved in neural
induction, such as basic helix-loop-helix
factors, Sox, zinc-finger proteins and neuron
specific RNA binding proteins play key roles
in Cnidarian nervous system development
(Shinzato et al., 2008; Watanabe et al., 2009).
Interestingly, over the past few years,
important signaling pathways involved in the
patterning of nervous system such as BMPNoggin/Chordin, FGF, Wnt, etc. have been
reported from hydra, though their detailed
structural and functional characterization
remains to be done. We reported Noggin from
hydra for the first time and showed that it is
structurally and functionally conserved during
evolution and exhibits close similarity with
human Noggin (Chandramore et al., 2010;
Chandramore and Ghaskadbi, 2011). Recently,
we have identified and cloned Gremlin,
another BMP inhibitor from hydra. Presence
of BMP and its inhibitors in hydra point
towards their possible role in the formation of
the first-ever nervous system. Although hydra
possess a simple body plan and tissue
organization, presence of almost all the major
cell signaling pathways and genes involved in
neural patterning suggest that some of the key
18

can reduce the use of vertebrate models in
toxicity testing.

Martínez DE, Bridge D. (2012). Hydra, the
everlasting embryo, confronts aging. Int J
Dev Biol. 56: 479-487.

In summary, hydra displays large number
of similarities with vertebrates including
humans as opposed to other popular
invertebrate models. It can therefore be used to
study and understand the signaling processes
during developmental and physiological
processes such as ageing, maintenance of
stemness, and regeneration. These features
coupled with hydra's potential immortality and
ability to respond to low doses of
environmental toxins make it a powerful
biological model system.

PatwardhanV,
Ghaskadbi
S
(2012).
Invertebrate Alternatives for Toxicity
Testing: Hydra Stakes its Claim. ALTEX
Proceedings 2, 1/13, Proceedings of
Animal Alternatives in Teaching, Toxicity
Testing and Medicine, pp 69-76.
Quinn B, Gagné F, Blaise C (2012). Hydra, a
model system for environmental studies.
Int. J. Dev. Biol. 56: 613-625.
Shinzato C, Iguchi A, Hayward DC, Technau
U, Ball EE, Miller DJ (2008). Sox genes in
the coral Acropora millepora: divergent
expression patterns reflect differences in
developmental mechanisms within the
Anthozoa. BMC Evol Biol. 8: 311.
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funding to do basic mutagenesis research with
plant cells, whilst at Stockholm and Vienna,
Nat decided to work with mammalian cells of
which he had no previous experience. He
visited many laboratories in Europe and USA
to learn relevant techniques which gave him
the opportunity to establish collaborations with
many leading scientists of that period. After
joining Leiden University, he established
collaborations with colleagues in the
Department and started attracting many
foreign students and scientists in line with its
international reputation.

Professor A T Natarajan, popularly known
as ‘Nat’ to his colleagues and friends outside
India, passed away on 28th August 2017 at the
age of 89 in Leiden, The Netherlands.
Nat obtained his Master’s degree in Botany
from Annamalai University (India) in 1948
and subsequently joined Indian Agricultural
Research Institute (IARI), New Delhi to do
another MSc degree in plant genetics. This
provided him the opportunity to start his
research career on plant chromosomes. He was
then offered a research assistant post under the
enthusiastic guidance of Prof. M S
Swaminathan, FRS, who is regarded as father
of ‘green revolution’ in India. Under his
dynamic supervision, Nat obtained his PhD
degree in 1958 studying mutagenic effects of
ionising radiations and chemicals on wheat.
Subsequently, he was awarded a Rockefeller
Foundation fellowship to carry out postdoctoral studies at Brookhaven National
Laboratory, USA (1959) and Stockholm
University (1960). He returned to Stockholm
University in 1965 and obtained another PhD
degree in Radiation Biology in 1966. After a
brief spell at International Atomic Energy
Agency (IAEA) in Vienna, following
invitation from Professor Frits Sobels, he
joined Department of Radiation Genetics and
Chemical Mutagenesis, Leiden University,
The Netherlands in 1975. Here he established
a Cytogenetics Section and became Professor
of Radiation Cytogenetics, a position he held
till his official retirement in 1998. After his
retirement from Leiden, he continued to work
at the University of Tuscia, Viterbo, Italy and
continued to participate in many international
projects. As it was getting difficult to get

Nat’s scientific contributions have been
enormous. He published over 500 research
papers, reviews and book chapters. He
supervised over 20 students for their PhD
degrees and over 50 post-doctoral fellows
from all over the world. He contributed
significantly while using various in vitro and
in vivo models to elucidate fundamental
understanding of qualitative and quantitative
production of chromosomal aberrations, role
of chromatin structure and DNA repair
processes in the production of chromosomal
aberrations and, use of cytogenetic biomarkers
in environmental monitoring. He developed
and refined many techniques (including FISH
techniques) and assays to strengthen the field
of genetic toxicology and collaborated
extensively around the world to move the
science forward. He organised several
workshops and conferences in different parts
of the world to promote the field. As a result
of his scientific contributions, Nat was
awarded several fellowships and awards. This
included European Environmental Mutagen
Society Award (1990), Environmental
20

Mutagen Society (USA) Award (2004), Bacq
and Alexander Award of the European
Radiation Research Society (2004). He was

influence, this conference brought galaxy of
scientists from all over the world to Banaras
including J Herbert Taylor, Phil Hanawalt,
Frits Sobels and others. Presence of these
scientists inspired many young and established
scientists in India. During my PhD, I was
involved in an international collaborative
programme, funded by International Atomic
Energy Agency (IAEA), of which he was the
coordinator. I continued to meet him whilst at
Banaras which got more frequent when my
friend and colleague, Dr A S Balajee, his
nephew, also joined the same laboratory!
When he used to visit Banaras, I had the
opportunity to discuss my experimental results
with him and he used to provide invaluable
suggestions and guidance. I finally joined his
group as post-doctoral fellow in December
1989 and stayed until March 1993. I still
remember, it was very late evening in the
winter when I arrived at Schiphol airport
where he came to receive me.

Professor A. T. Natarajan

associated with almost all the major journal in
the field as editorial board member.

Nat was an experimental scientist and
despite many responsibilities, he was very
keen to work in the laboratory. He often
worked with me to show different techniques
and if any particular technique did not work –
he would repeat the experiments to check
where the mistakes were made. He was
conscious of the importance of time and would
like to ensure that experiments are completed
in time and we don’t lose the experiments. He
had an ‘open-door’ policy and he had
instructed us, if it is urgent, don’t hesitate to
knock-the door even if he is in a meeting. He
remained active in science as long as his health
allowed. Last year (2016), he co-authored a
paper published in Mutation Research with 9
authors from 5 different countries. Nat was
also keen to enhance the quality of Indian
science and the journals. He used to attend
scientific meetings in India at regular basis and
encouraged others to participate in various
meetings. He will always review manuscripts
for Indian journals when requested. Whilst he
edited special issues of large number of
international journals, he also co-edited a

Nat was always very excited to share
knowledge and generous to share materials
and techniques. He was always helpful and
inspiring to young scientists. His generosity,
inspiring and helpful nature earned him a true
admiration and respect in the scientific
community! All those who met him, have had
invaluable experiences. I was one of the
privileged to work under this inspiring
personality. In common with many colleagues
and friends around the world, I have many
memorable experiences of him. I met him for
the first time in 1983 in Banaras Hindu
University, India, when I had just started my
PhD. Along with my PhD supervisor, Prof T
Sharma, he was the co-organiser of an
international (satellite) conference on ‘DNA
repair and chromosomal aberrations’ following
International Genetics Congress earlier held in
Delhi. Prof Mercy Raman was the organising
secretary of this conference, which involved
the entire cytogenetics Laboratory of the
Zoology Department. Due to Nat’s personal
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special issue of Current Science in 2005 on the
occasion of 80th birthday of Prof. M. S.
Swaminathan, his teacher. He sent me a hard
copy of this special issue, which I still have.

Apart from being a giant in his field, Nat
was a true ‘Guru’ who showed the path to his
students. While I was searching for a
placement in India for CSIR poolship and
trying with the idea of a post-doctoral position
in US, I came across a job advertisement
which had appeared in New Scientist from
Imperial Chemical Industries (ICI), for the
position of ‘marine genetic toxicologist’. He
encouraged me to apply and I was short-listed
for the interview. After returning from the
interview, he asked me in details about my
experiences. I told him that I was not sure of
taking this position up as I had never worked
with marine systems and also a bit
apprehensive to work in industry. He
explained that- this is an emerging and
interesting field. Not many people are working
in this area. You can apply your knowledge
and skills to move the science in this area. ‘If
you don’t accept challenges in your life, you
cannot progress’. He finally convinced me to
take up this job, which in hindsight was a
perfect choice. Even after moving out of
Leiden we kept in touch and I always looked
towards him whenever I needed any advice or
guidance be it work or on the personal front.
He was always there for his students and
colleagues. His departure has created a
vacuum in the lives of many people, including
his daughter Suman and granddaughters, Noor
and Deva. We lost a hardworking, bright,
inspiring scientist, a very nice human being
who was very well respected and admired
throughout the world. Remembering him will
show the right path in our and subsequent
generations' lives.

Nat was helpful to many Indian scientists
and whoever approached him for a visit to his
lab, he was genuinely happy to accommodate
them. He himself was a frequent traveller and
enjoyed meeting people and seeing places in
different parts of the world. In the scientific
meetings, he was a keen listener and observer
taking the opportunity to discuss the science
extensively. Even though he was a frequent
traveller, immediately after his return to the
laboratory, he will talk to everyone to monitor
the progress.
Nat enjoyed good food and drink, and he
himself was an excellent cook. Quite
frequently, he will prepare food for the whole
group and invite us all. Often, he had guests
and visitors and he would invite both Balajee
(who also moved to Leiden after his PhD) and
me for dinner. As we were working in the lab
during weekends, he would take both Balajee
and me to Leiden ‘open-market’ (until my
wife Usha joined me), and then for lunch at his
place. As I had no experience of cooking, he
also introduced me to the world of ‘curry
paste’! He had a great sense of humour and
had stock of recent jokes, which he will share
during social gatherings. We could also
discuss with him the world politics. He was
very fond of music, especially Indian Carnatic
music and used to go the annual music festival
in Tamilnadu regularly. He will play classical
Indian music in his car. Although fully adapted
to European life style, he kept his Indian origin
with proud, all in perfect harmony.
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invasion and migration in response to proangiogenic signals (Fidler, 1990).

Introduction
Rab proteins are small (20-25kDa),
evolutionary conserved proteins of Ras
superfamily
monomeric
G
proteins,
constituting the largest group with 70 members
identified in humans, and are known as master
regulators of intracellular vesicular trafficking
(Wandinger et al., 2014). These proteins act as
molecular switches, regulated with GTP bound
active state and GDP bound inactive state. The
activation and deactivation is tightly regulated
by guanine exchange nucleotide factors
(GEFs) and GTPase activating proteins
(GAPs), respectively. In the activated state
Rab-GTP binds with various discrete effector
proteins and promotes downstream signaling
events. Different Rab proteins localized on
specific intracellular organelle gets involved in
functions
like recycling of
endosomes,
delivery of secretory vesicles, maintenance of
apical-basal polarity, regulation of endocytic
and exocytic pathways, etc (Stenmark H.,
2009). Maintenance of appropriate cell surface
proteins, recycling of membrane receptors and
proteins is essential for regulating cellular
polarity and cell signaling.

In normal cells, vesicular trafficking
pathway is regulated by endosomal proteins
that are required for membrane protein
delivery at specific membrane domain.
Deregulated expression of different endosomal
proteins has been implicated in oncogenesis
through
affecting
various
signaling
mechanisms that lead to cell proliferation,
migration, invasion, chemoresistence, etc.
Rab-GTPase, a major intracellular membrane
trafficking proteins through the coordination
between different effectors and cytoskeleton,
regulates various cellular signaling pathways.
From last decades several evidences showed
that aberrant expression of Rabs affect cellular
physiology in cancer by disrupting the
homeostasis of membrane trafficking,
secretary pathways and also enhance various
signaling pathways that finally lead to
tumorigenesis.
Rab proteins in Cancer
Recent
evidences
showed
that
approximately 30 Rab proteins are involved in
progression of cancer by affecting cell growth
and proliferation, cell death and cell migration
pathways. Majority of Rab proteins act as an
oncogene with some exception as tumour
suppressors also.

A vast majority of solid tumours developed
from epithelial cell lining of different organs,
are
called
adenocarcinoma.
These
adenocarcinomas lose normal morphological
characteristics of epithelial cells and adopt
disorganized and abrupt structures. Epithelial
cancer is established as the cells lose apicalbasal polarity, attain epithelial to mesenchymal
status, present altered polarized protein,
change cell morphology, show increased
proliferation, invasion and metastasize to other
location. Metastasis is a multistep process that
is characterized by uncontrolled proliferation,
decreased
cell
attachment, tumour cell

These small GTPases control tumour
related
function
like
Epithelial
to
mesenchymal transition (EMT), invasion,
migration and act as an oncogene or tumour
suppressor in a context dependent manner,
which needs further exploration. In the
following paragraph, we discuss diverse roles
of different Rab proteins in various human
cancers. Endoplasmic reticulum and Golgi
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membrane system in response to an external
stimulus such as level of amino acid and
cholesterol regulate biosynthesis of proteins
and lipids, respectively. Rab1 has been known
to mediate the membrane trafficking between
endoplasmic reticulum and Golgi apparatus. In
response to nutrient condition and metabolic
demand, rate of trafficking between these two
organelles with the help of Rab1 rapidly
changes (Lee et al., 2004). Rab1 has been
reported to be overexpressed in colorectal
carcinoma and promote oncogenic growth via
elevated mTORC1 signaling, and regulates
tumour
invasion
and
migration.
Mechanistically Rab1A does not directly
regulate the mTORC1 kinase activity. Instead,
it regulates the interaction between Rheb and
mTORC1, uses Golgi apparatus in response to
amino acid deficiency (Thomas et al., 2014).
Rab5a is essential for early endosome
formation and fusion with plasma membrane,

has been reported to be overexpressed in
hepatocellualr carcinoma and leading to cell
proliferation and invasion by regulating Focal
adhesion kinase (FAK/Akt/cyclin D1)
signaling (Geng et al., 2015). In lung
adenocarcinoma overexpression of Rab5a is
associated with increasing metastatic capacity
(Yu et al., 1999). Further Rab5a, Rab35 in
hepatocellualr carcinoma and breast carcinoma
reported to regulate the cancer cell migration
(Yang et al., 2011). Rab35, involved in Rho
mediated actin cytoskeleton reorganization, is
upregulated in migrating breast cancer cell
with active wnt signaling.
In another study, Wnt5a, a noncanonical
wnt family member is involved in Rab35
activation and promoting breast cancer
migration via DVl2/Rab35/Rac1 signaling
pathway (Zhu et al., 2013). Rab23 playing role
in vesicular transportation and endocytic
trafficking to lysososme, has recently been,

Fig. 1. Vesicle trafficking plays a major role during progression of epithelial cancers. Initially, deregulated
trafficking of junctional proteins and cell adhesion molecules lead to early loss of cell polarity. Subsequently, it
leads to abnormal membrane protrusion, relocation of integrins, and targeted secretion of matrix
metalloproteinase (MMPs), that are known to be associated with invasive and metastatic phenotype of cancer.
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implicated in human cancer development.
Rab23 overexpression is associated with
tumour progression in squamous cell
carcinoma, hepatocellular (Liu et al., 2007),
bladder (Jiang, 2016), gastric and ovarian
carcinoma. It induces proliferation and
invasion by regulating Cyclin-E, MMP-1, cMYC protein expression and also involved in
NF-kB signaling pathways (Jiang, 2016). In
squamous cancer it regulates cell migration
and invasion by relating the integrin β1/T cell
lymphoma
invasion
and
metastasis
(TIAM/Rac1) pathway. Cancer cell invasion is
where a tumour cells invade the basal cell
membrane and extracellular membrane (ECM)
by secreting array of proteases like MMPs,
thereby allowing these tumour cells to migrate
distant sites and attain further colonization. In
the table the involvement of various Rab
proteins in different cancer has been shown.

et al., 2015). Rab4A regulates pro-cathepsin-l
(a lysosomal cysteine proteinase related to
metastatic potential of transformed cell)
secretion and led to tumour progression in
melanoma cells (Barberin et al., 2011). Rab27
regulates the vesicle trafficking of secretory
vesicles and deliver proinvasive growth
regulators in tumour niche (Fukuda, 2008).
Increased expression of Rab27A promotes the
secretion of Insulin-like growth factor which
then regulates the VEGF, MMP9, p16,
Cathepsin D, Cyclin D1 and urokinase-type
plasminogen activator in breast cancer cells
(Wang et al., 2008). By promoting tissue
Table 1: Involvement of Rab Proteins in
Human Cancer
S.No. Type of Cancer
1.
Bladder Cancer
2.
Breast Cancer

A cross talk between local/distant tumour
cells and niche is required for growth and
maintenance of tumour (Joyce et al., 2009). In
this context, Rab protein mediated exocytosis
play an important role in modulation of
tumour cell talk and establishment of proper
niche. Several, secretion related Rab proteins
(Rab1B, Rab3D, Rab27B, Rab4A, Rab8,
Rab22A, Rab27A, Rab37, Rab40B and Rab7)
and exosome secretion related Rabs (Rab11,
Rab27A/B and Rab35) are gaining interest to
understand the Rab-related cancer progression.
Rab1B is involved in malignant secretion of
proinvasive and proangiogenic mediators like
HtrA serine peptidase (HTRA)1, matrix
metalloproteinase (MMP)1, family with
sequence similarity 3 member C (FAM3C),
platelet derived growth factor subunit A
(PDGFA) and ADAM metallopeptidase
domain10 (ADAM10) mediated by the
phosphatidylinositol
transfer
protein
cytoplasmic
(PITPNC1). PITPNC1-Rab
complex enhances secretion by recruiting
Golgi phosphoprotein3 (GOLPH3) (Halberg et
al., 2016). Rab3D and Rab27B are related to
exosomes release and promote cancer cell
migration and invasion via release of heat
shock protein HSP90α in breast cancer (Yang

3.

Colorectal Cancer

4.
5.

Gastric Cancer
Hepatocellualr
Cancer

6.

Lung Carcinoma

7.
8.
9.
10.
11.

Oral Cancer
Ovarian Cancer
Pancreatic Cancer
Prostate Cancer
Renal cell
carcinoma
Head and Neck
Cancer
Esophageal
Squamous cell
carcinoma

12.
13.
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Rab Proteins
Rab25
Rab1A, Rab1B,
Rab2, Rab5A,
Rab5C, Rab8,
Rab11A, Rab25,
Rab13, Rab22A,
Rab23, Rab27B,
Rab40B
Rab1A, Rab1B,
Rab3C, Rab3D,
Rab11A, Rab25,
Rab32, Rab27A
Rab1A, Rab5A,
Rab17, Rab18,
Rab31, Rab23,
Rab27A,
Rab14, Rab15,
Rab37
Rab1A, Rab7
Rab5A
Rab20
Rab7
Rab37
Rab25
Rab23

inhibitor
of
matrix
metalloproteinase
1(TIMP1), Rab31 acts as a suppressor of
metastasis. In lung cancer, nucleotide
dependent Rab37 regulates TIMP1 exocytosis
to inactivate the MMP9 migration axis. Rab3D
and Rab25 promote cancer cell invasion and
lung cancer metastasis by inducing the EMT
via activation of AKT/glycogen synthase
kinase-3b (GSK-3b)/Snail signaling (Yang et
al., 2015).

Rab25 also known as CATX and Rab11c,
is known as key molecule that plays role in
apical endosomal, late endosomal and growth
factor recycling (Casanova et al., 1999). He et
al in 2002, for the first time reported that
Rab25 is one of the variably expressed
proteins out of nine human GTPase in human
liver cancer. Rab25 is associated with altered
trafficking of α5β1 and α5β3 integrins within
three
dimensional
matrixes
that
is
characterized by the extension of long
pseudopodia at the cell front as cells migrate.
Rab25 also promotes localization of vesicles
that deliver integrin to the plasma membrane
at the pseudopodia tips as well as helps in
retention of a pool of cycling α5β1 integrin at
the cell front. This indicates that abnormal
Rab25 could contribute to tumour progression
by deregulating the localization of integrin
vesicles, thereby enhancing the ability of
tumour cells to invade directionally the
extracellular matrix (Cashwell et al, 2007).
Rab25 activates major intracellular pathways
including Akt, Wnt, Src and suppresses
apoptotic pathway. Ectopic expression of
Rab25 increased phospho-Akt level, which
may mediate the cell proliferation-stimulating

Rab11 family protein in cancer
Among different Rab proteins, Rab11
family proteins are found to be associated
with many epithelial cancer including breast,
ovarian, prostate, liver, oesophageal cancer
and renal cells carcinoma (Agrawal et al.,
2009). Rab11 subfamily members include
Rab11a, Rab11b and Rab25 among which
involvement of Rab25 and Rab11a are widely
studied in cancer however, the exact role of
Rab 11 family in different cancer still remains
unclear. Some study elucidate the role Rab11a
in breast (Yoon et al., 2005) and colorectal
cancer (Chung et al., 2014) where it regulates
the E-cadherin expression which finally leads
to increase in cell invasion and migration.

Fig. 2. Model of the regulatory network between Rab and cell signaling pathways. Rabs regulate several key
cell-signaling pathways that control cell proliferation and death in human cancer, including mTORC1,
PI3K/AKT, ERK, EGFR, Wnt, TGF-β and integrin pathway.
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effect on ovarian cancer cells. Rab25 can
determine the aggressiveness of breast and
ovarian cancers and overexpression of Rab25
in ovarian cancer cell lines increase
anchorage-independent
colony-forming
activity, cell proliferation and cell survival
under multiple stress conditions (Cheng et al.,
2004).

cancer. Using high throughput genomic and
proteomic technologies, association of
aberrant Rab gene expression, their effectors,
regulators and the underlying mechanisms in
human cancer is expected to be revealed in
future. Despite the limitations, Rab-GTPases
and their interaction molecules will gain
attention in field of therapeutics.

Rab25
expression
induced
HIF-1
transcriptional activity, induced EMT,
increased cisplatin resistance and conferred
intraperitoneal growth in ovarian cells (Roman
et al., 2016). Rab25 significantly involved in
SNAIL dependent EMT in breast cancer cell
(Mitra et al., 2016). Rab25 is also involved in
glycogen and ATP regulation in cancer cells
(Cheng et al., 2012). Significantly higher
expression of Rab25 in gastric carcinoma is
associated with invasion and metastasis (Cao
et al., 2013). In above studies Rab25 acted as
an oncogene and promoted tumorogenesis.
However, on the other hand, Rab25 is known
to act as a tumour suppressor gene in
esophageal squamous (Tong et al., 2012), head
and neck (Amornphimoltham et al., 2013) and
colorectal carcinoma (Nam et al., 2010)
mainly regulating invasion and metastasis.
Loss of Rab25 in human colon cancer was
associated with poorer patient prognosis.
Rab25 deficient in ApcMin/+ mice mouse
promotes intestinal/colon adenoma formation
(Nam et al., 2010). These evidences suggested
Rab25 to act as an oncogene or tumour
suppressor in different cancer. So, to reveal the
exact function of Rab11 family protein and
their partners in different types of cancer give
next
level
of
knowledge
regarding
oncogenecity.
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Research updates
Sense and antisense transcripts originate in distinct patterns in the Entamoeba
histolytica retrotransposon EhLINE1 and correlate with translation of its ORFs
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Transposable elements are ubiquitously
present in extant genomes- yet their origin, and
sustenance
remains
mysterious.
Their
relationship with the genome, and with cellular
physiology has been difficult to establish due
to their large copy number and complex
expression. We have been studying the nonLTR retrotransposons (EhLINEs/SINEs) of the
protozoan parasite Entamoeba histolytica. The
autonomous element EhLINE1 (4.8 kb),
encodes ORF1 (RNA-binding protein), and
ORF2 [with domains for reverse transcriptase
(RT), endonuclease (EN)] needed for
retrotransposition.

with other probes. This corroborated with
RNA-seq data, except region3 where no band
was seen in northern. It is possible that
transcripts of region3 were short and
heterogeneous. Further we looked at strandspecific transcription both by RNA-seq and
northern and found strong antisense
transcription of 1.5 kb RNA from region2, and
none from other regions. Antisense
transcription possibly explains our western
blot data that show constitutive expression of
ORF1p, while ORF2p is undetectable.
Our data reveal a complex transcription
pattern from sense strand of EhLINE1.
Ongoing work will show whether these
transcripts are processed from a single
polycistronic transcript, or are transcribed
from internal promoters? The antisense long
noncoding RNA from RT region is novel. We
speculate that it functions to suppress
translation of RT/ORF2 to inhibit active
retrotransposition. Do ORF1p and antisense
RT RNA have moonlighting roles unrelated to
retrotransposition? Would a retrotransposition
burst occur if antisense RT transcription were
inhibited? Future work would be directed at
these queries.

LINEs are generally transcribed from a
single internal promoter at 5’-end into a long
polycistronic RNA. This promoter exists in
EhLINE1 as well. However, we could not
detect polycistronic transcripts of 4.8 kb.
Careful RNA-seq data (three biological
replicates; R ≥ 0.84) showed reads coming
from three regions of EhLINE1: 1) 5’ to 1478
bp; 2) 2400 to 3761 bp; 3) 3990 to 3’,
corresponding to ORF1, RT and EN domains
respectively. Northern analysis with doublestranded probes from different regions (1, 1-2,
2 and 3) showed 1.5-kb bands hybridizing with
probes1 and 2, while no signal was obtained
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Unraveling the Mysteries of Innate Immunity: In Sickness and In Health
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IITJ, AIIMS Jodhpur and ACTREC funded by
DBT we are now identifying key NLRs in
gliomas in human brain tissue from the Indian
subcontinent for development of future
therapies to delay or halt disease progression.

The

Advanced
Bioscience
and
Neuroscience laboratory at the Indian Institute
of Technology Jodhpur came into being in
2012 with a generous institutional grant. The
focus of our laboratory is understanding the
role of pattern recognition receptors in innate
immunity. Our innate immune system consists
of a sophisticated detection mechanism for
pathogen and damage associated molecules
called Nucleotide-binding domain, leucinerich repeat containing, proteins (NLRs) 1-3.
Using a multipronged approach of primary cell
culture, biochemistry, immunohistochemistry
and microscopy we aim to understand the role
of NLRs in health and disease.

In addition to research lead by four talented
PhD students we also have a steady stream of
bright B.Tech, M.Tech and summer interns
spurring us on interesting paths. We have
participated actively in MHRD education
missions; Ishaan Vikas & Rashtriya Avishkar
Yojana. Our lab alumni are at, NCBS
Bangalore,
Harvard
Medical
School,
University of Florida and Ludwig Maximilian
University, Munich. As a part of our institutes′
mission we aim to promote technology and
provide human technical resources for the
needs of our nation.

With funds from BRNS, Department of
Atomic Energy we investigated NLR
dependent cellular and molecular pathways in
epithelial, fibroblast and endothelial cells in
response to nanosilica exposure. This work
was presented at the Cell Symposia: Cell death
and immunity, Berkeley, California and EMBO
workshop on Cell death, inflammation and
cancer, Obergurgl, Austria.
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Molecular pathogenesis of age-related neurodegenerative disorders
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using a pleothora of cellular, biochemical,
genetics, genomics and molecular biology
techniques
involving
human
samples,
Drosophila models as well as in vitro cell
lines.

With the shifting demographics towards
older age, there is a major concern for agerelated disorders. 90% of individuals dying
each year are due to age-related causes.
Understanding the genome, epigenome and
proteome between healthy and diseased state
of these individuals pave a way for unravelling
bio-markers for early diagnosis and/or
therapeutics for various diseases. Our goal is
to find these underlying players that change
the micro-environmental niche differently in a
diseased state during the developmental
process of aging and hence are responsible for
these age related-disorders. We are currently
focusing
on
understanding
the
pathomechanism of two neurodegenerative eye
disorders (Glaucoma, the leading cause of
irreversible World Blindness and Corneal
Endothelial Dystrophies) as well as Cancer

Our very recent work published in Human
Molecular Genetics unveils the functional role
of a Pseudoexfoliation Glaucoma and
Alzheimer’s (AD) associated clusterin (CLU)
risk variant, rs2279590 in disease progression
by regulating the expression of a specific set of
nearby genes, EPHX2. By using reporter
assays and CRISPR-Cas9 genome editing
method we have ascertained that rs2279590
resides within an enhancer element. Ours is the
first study uncovering the functional role of a
CLU risk variant and proves it to be causative
in
pseudoexfoliation
(PEX)
disease
progression.

Fig. 1. Proposed model explaining the effect of SNP-dependent HSF1 binding at rs2279590, target gene
expression and AD/PEX risk. Genomic region containing rs2279590/G resides within an active enhancer
element and increases gene expression of CLU, PTK2B and EPHX2. However, binding of HSF1 to protective
allele “A” at rs2279590 diminishes the enhancer effect of the locus; which leads to decrease in target gene
expression with a lowered risk of developing PEX/AD (published in Human Molecular Genetics).

Link: https://academic.oup.com/hmg/article/26/22/4519/4095348
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Corneal hereditary endothelial dystrophy

Nitrotyrosine

i

(CHED) occurs at birth or during the early
years of life and results in degeneration and
dysfunction of endothelial cells of the cornea,
thickening of the Descemet’s membrane
(DM), loss in endothelial cell density that lead
to progressive opacity of the cornea and
gradual vision loss [1]. It often requires
surgical intervention in form of corneal
transplantation or penetrating keratoplasty.
CHED is associated with mutations in
SLC4A11, a Na+ coupled OH− transporter.
SLC4A11 has also been identified as a NH3 or
NH3: H+ co-transporter and the cytoplasmic
domain are essential for transport function of
SLC4A11[2]. Our group has been working on
role of SLC4A11 in human corneal endothelial
cells. We have for the first time reported the
presence of oxidative stress in the tissue
specimens obtained from CHED patients
(Fig.1). We found that SLC4A11 is an oxidant
responsive gene and plays a role in antioxidant
signalling during oxidative stress. The
depletion of SLC4A11 using targeted siRNA,
causes an increase in reactive oxygen species,
cytochrome c, and lowered mitochondrial
membrane potential and reduced cell viability
in corneal endothelial cells in presence of
oxidative stress. We have recently published it
at Scientific Reports, 2017, 7, 4074 [3].

ii

Fig. 1. Oxidative stress in CHED tissue specimens.
Tissue sections of CHED cornea (i) and control
cadaveric cornea (ii) were stained with antinitrotyrosine antibody, followed by Alexa fluor 488
secondary antibody and counterstained by DAPI.
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not induce the innate immune response and is
known to be cause of several hepatic diseases
leading to cirrhosis and hepatocellularcarcinoma. Interestingly, it has been observed
that viral oncoprotein HBx hijacks chromatin
reader proteins resident in PML-NBs thereby
regulating the immune response pathways to
promote HBV proliferation. Thus, targeting
these host transcription factors could have
potential to combat HBV pathogenesis.

Mammalian genome is organized into a
highly ordered nucleoprotein complex known
as chromatin. Several small modifications both
in DNA and protein component of chromatin
fine-tune the underlying gene expression
programs, genome repair as well as replication
and are coined as epigenetic modifications.
The alterations in the epigenomic landscape of
chromatin are causally related to normal
homeostasis of the organism and so as the
pathobiological
state.
The
molecular
mechanism of epigenetic modification based
functions is operated through the protein
which recognizes this modification and
thereby differentially recruits several other
regulatory factors. The research focus of
Chromatin Dynamics Laboratory is to
understand some of these epigenetic readers in
the context of cellular functions and their
possible connection to the disease, including
metabolic as well as infectious diseases. We
are sharing two such exciting areas of research
in our laboratory:

(http://www.jbc.org/cgi/doi/10.1074/jbc.M117
.796839)
Metabolic alteration and the transcription
regulation: the epigenetic interface
Modification of chromatin states to either
facilitate or inhibit transcriptional machinery is
an efficient and reversible means of adapting
to a metabolic environment which gets
reprogrammed during disorders like type 2
diabetes mellitus. Recognition of these
dynamic epigenetic signatures by chromatin
readers
under
nutritional
stress
in
metabolically active tissues (like hepatocytes)
and subsequently in diabetes patients is
another research focus of Chromatin
Dynamics laboratory. Such reader proteins are
critical in aiding the cells to cope- up with the
changing
glycemic
environment
by
influencing metabolic gene expression, and act
like glucose sensors for metabolically active
tissues. Critical insights are provided into the
molecular
mechanisms
regulating
gluconeogenesis and into the roles of
chromatin readers in metabolic homeostasis.

Regulation of host-response pathways by
multi-functional transcription factors to
during HBV pathogenesis
Research
at
Chromatin
Dynamics
laboratory is aimed to harness the scope of
epigenetic therapy to Hepatitis B virus
clearance. DNA/RNA viruses often hijack
cellular-factors resident in Promyelocytic
leukemia nuclear bodies (PML-NBs) to
promote their proliferation in host cells
although the molecular mechanism is not well
elucidated. Hepatitis B virus (HBV),
belonging to Hepadnaviridae family virus,
remains undetected in early infection as it does

(http://www.jbc.org/cgi/doi/10.1074/jbc.M117
.786863)
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and currently, the signalling pathways
involved are being explored. Their migration
abilitygot impaired though, for which serum
deprivation was identified to be responsible.
Parallely, at febrile temperature of 40˚C, WJMSCs exhibited reduced viability and rate of
proliferation and an arrest at G0/G1 stage of
cell cycle, which was confirmed by expression

Mesenchymal stem cells (MSCs) have the
potential to provide therapeutic treatment
towards a wide range of devastating diseases.
The therapeutic and regenerative promises of
MSCs
are
majorly
due
to
their
immunomodulatory and trophic roles,
mediated via paracrine signalling. However,
MSC therapeutic efficacy is currently limited
by low retention and poor survival of
transplanted cells, as demonstrated with bone
marrow-MSCs. This is mainly due to the
hostile microenvironment created by oxygen
and nutrient deprivation, cytotoxic elements
and inflammation at the injury sites. Also, the
choice of MSC type could be critical in
determining fate and cellular function of
MSCs under stress.

Fig. 1. (A) Comparison of surface antigen profile by
flow cytometry between control and ischemic WJMSCs. Open area indicates antibody isotype control
while shaded area represents positive reactivity with
the indicated antibodies (B) Images of control and
ischemic WJ-MSCs immunostained for mesenchymal
marker vimentin. Nuclei are stained with DAPI.

Here we investigated the impact of
ischemia-like
stress
conditions
and
physiological fever-like temperature, as
inflammation is usually marked by febrile
temperature, on Wharton’s jelly-derived MSCs
(WJ-MSCs). Conditions of ischemia were
simulated in vitro by culturing WJ-MSCs
under 2% oxygen and low glucose containing
serum deprived medium. Even under these
harsh conditions, WJ-MSCs retained viable
population of greater than 80% and expressed
the characteristic MSC surface antigens at
levels comparable to the control WJ-MSCs.
The population doubling time under ischemialike condition increased. An upregulation of
many ECM and adhesion molecules, growth
and angiogenic factors, contributing to wound
healing and regeneration, was noted in the
ischemic WJ-MSC population by a PCR array

of several cell cycle related genes. However,
they retained their immunophenotype profile
and immunosuppresive response. Our findings
provide evidence that WJ-MSCs might have
the
potential
to
withstand
harsh
microenvironment and be therapeutically
relevant under ischemic and inflammatory
conditions.
Link:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC53
18642/
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Oral squamous cell carcinoma (OSCC) is
most common cancers and their highest
incidence has been reported in north-eastern
states of India. The habit of chewing raw
rather than dry areca-nut (RAN) with lime
appears to be an important causative factor.
Thus, it is essential to understand the biology
of pathogenesis of these cancers, before
designing any therapeutic interventions and
other preventive measures. We have been
working in these cancers with an aim to look

for certain parameters which can be used as
early diagnostics markers.
It has been demonstrated that allelic loss of
9p21 and perturbations in components of the
chromosome segregation machinery could be
involved in the early development of RAN
induced cancer. Studies from this laboratory
revealed that precocious anaphase and
expression of p53 and Securin in non-target
cells are significantly associated with an
increased risk of RAN-induced cancer

Fig. 1. A. Karyotype analysis of genomic instability in human lymphocytes from those individuals having the
habit of chewing RAN. (a) Normal metaphase spread from human PBL. (b) Premature sister-chromatid
separation in PBL of RAN heavy chewers. (c) showed >70 chromosomes in human PBL collected from RAN
heavy chewers. B. Immunoblotting analysis in PBL of non-RAN chewers and RAN chewers. There are 8 nonRAN chewers (panels 1–8) and in total 10+ 8 = 18 heavy RAN chewers. C. Representative images of an
immunohistochemical analysis of tumour and adjacent36
normal tissues in OSCC with anti-Securin antibody.

in both human and mouse and thus these
parameters can be of early diagnostic value.
Moreover, these parameters can be used as an
indicator in the individual who has the habit of
chewing but not suffering from cancer.

genotype play a significant role in
predisposition to oral cancer risk by showing
weaker detoxification and lower c-Jun
phosphorylation which may inhibit apoptosis.
Publications:

The Glutathione S-transferases (GSTs),
comprise a group of enzymes, protects cellular
DNA against oxidative damage. An
association between specific GST SNP
genotypes and disease phenotypes has already
been shown, suggesting a link between
particular mutations in target genes and the
disease. The association of polymorphisms in
GSTA1 (-69C/T) and GSTP1 (Ile105Val)
genes with oral cancer risk in Meghalaya,

Kumpawat K, A Chatterjee (2003) The
usefullness of cytogenetic parameters, level
of p53 protein and endogenous glutathione
as intermediate end-points in raw betel-nut
genotoxicity. Human and Experimental
Toxicology, 22: 363-371.
Michel LS, Chatterjee A, Liberal V,
Kirchwehher G, Pasche B, Dobles M,
Sorger PK, Murty VVVS, Benezra R
(2001) Haploinsufficiency at the Mad2
locus results in chromosome instability in
human and mouse cells. Nature, 409, 355359.

India, were evaluated in a hospital-based casecontrol study using PCR-RFLP method and
validated by Sanger sequencing. Earlier both
AA reference as well as the GG/AG mutant
genotype of GSTP1 gene showed an
association with different types of cancers. In
this cohort, individuals with AA reference
allele of GSTP1 showed significant association
with the risk of oral cancer compared to
individuals with AG/GG mutant genotypes in
habit-matched
“RAN+Tobacco”
group.
GSTA1 did not show any association with oral
cancer. In silico docking analysis revealed that
homodimeric GSTP1 with AA reference allele
showed
weak
catalytic
activity
in
detoxification of RAN and tobacco toxins
compared with the AG/GG mutant GSTP1
proteins. A protein-protein docking analysis
revealed that the binding geometry between cJun Kinase and GSTP1 was disrupted in
mutant combinations. This was validated
experimentally by immunohistochemistry
showing lower c-Jun-phosphorylation in AA
homozygous genotype of oral epithelial cells
than in samples harbouring AG and GG
genotypes. Thus in this population, specific
traditional habit along with GSTP1 AA

AK Rai, AJ Freddy, A Banerjee, S Kurkallang,
GM Rangad, M Islam, HB Nongrum, H
Dkhar, A.Chatterjee (2012) Distinct
involvement of 9p21-24 than 13q14.1-14.3
chromosomal region in raw betel- nut
induced esophageal cancers in the state of
Meghalaya, India. Asian Pacific J of
Cancer Preventation 13:2629-2633.
S Kurkalang, A Banerjee, N Ghosal, H Dkhar,
A Chatterjee (2013) Induction of
chromosome instability and stomach cancer
by altering the expression pattern of mitotic
checkpoint genes in mice exposed to arecanut. BMC Cancer, 2013, 13:315. DOI:
10.1186/1471-2407-13-315.
S Kurkalang, A Banerjee, B Ganguly, H
Dkhar, HB Nongrum, M Islam, GM
Rangad, A Chatterjee (2015) Precocious
anaphase and expression of securing and
p53 genes as candidate biomarkers for the
early detection in areca-nut induced
carcinogenesis. Mutagenesis, 2015, 30(3)
381-389.
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IP6K1, but not other IP6K isoforms, causes
sterility in male mice, suggesting a specific
role for this enzyme in regulating
spermatogenesis. To understand the role of
IP6K1 in male fertility, we studied the process
of spermatogenesis in mice lacking IP6K1. We
observed that loss of IP6K1 in mice leads to
perturbations in the stereotypical arrangement
of testicular germ cells within seminiferous
tubules, defective spermatid differentiation,
and abnormal morphology of elongating
spermatids, ultimately leading to azoospermia.
Within the mouse testis, IP6K1 is highly
expressed in germ cells, especially in
pachytene
spermatocytes
and
round
spermatids. We observed that Ip6k1 knockout

Mammalian spermatogenesis is a highly
complex yet tightly regulated multistep
process initiated by the commitment of
spermatogonial stem cells into meiosis, and
accomplished with massive chromatin
reorganization in post-meiotic spermatids.
Male sterility due to defective spermatogenesis
is a common medical problem affecting one in
twenty men of reproductive age. Therefore, the
elucidation
of
novel
regulators
of
spermatogenesis is required to further our
understanding and treatment of male
infertility. Inositol hexakisphosphate kinases
(IP6Ks) catalyse the synthesis of the inositol
pyrophosphate 5-IP7, which regulates several
physiological processes. The deletion of

Fig. 1. Role of IP6K1 in sperm condensation. In round spermatids, IP6K1 is required for the assembly of the
chromatoid body (CB), and prevents the premature translation of Tnp2 and Prm2 by storing these transcripts
in a repressed state. In the presence of IP6K1, TNP2 and PRM2 are expressed in condensing spermatids and
recruited to the chromatin to initiate sperm condensation. In the absence of IP6K1, the loss of CB leads to
translational de-repression and premature expression of TNP2 and PRM2 in round spermatids. This leads to
defective sperm chromatin condensation and arrested spermatid differentiation, resulting in apoptosis of
condensing spermatids.
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spermatocytes complete meiosis to generate
haploid round spermatids, but these fail to
produce mature spermatozoa. Interestingly, we
found IP6K1 to be a novel component of
ribonucleoprotein
complexes
called
chromatoid bodies, which regulate posttranscriptional gene expression in round
spermatids by storing naive mRNAs in a
repressed state. Round spermatids lacking
IP6K1 fail to assemble chromatoid bodies and
are unable to repress the premature translation
of two key sperm-specific chromatin
components, transition protein 2 (TNP2) and
protamine 2 (PRM2). The aberrant localization
of these prematurely expressed proteins is
associated with defective condensation of
sperm DNA, and failure to complete the
process of spermatid differentiation (see
figure). Our study has thus revealed IP6K1 as
a unique and indispensable regulator of male
germ cell differentiation, which controls
spermatid condensation by temporally
regulating the expression of key spermspecific proteins.

Reference:
Malla A.B. and Bhandari R. IP6K1 is essential
for chromatoid body formation and
temporal regulation of TNP2 and PRM2
expression in mouse spermatids. Journal of
Cell Science (2017) 130, 2854-2866. doi:
10.1242/jcs.204966
Link:
http://jcs.biologists.org/content/early/2017/07/
21/jcs.204966
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