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Just as this report was getting ready, Dr Lalji Singh relinquished the position of
Director of the Centre. Dr Lalji Singh, during his long tenure, has made significant
contributions to the growth of the Centre particularly in the area of infrastructure.
Today, we have facilities comparable to anywhere in the world.

Upon superannuation of Dr Lalji Singh, Dr Veena Parnaik took the charge of Director
of CCMB and eminently handled the Centre for a period of over three months.
During the short period, she solved many problems and helped in smooth transition.

| have taken over as the fifth Director of CCMB from 12" of November 2009. | am
sure, with the outstanding pool of scientists and world-class facilities, CCMB has
a bright future.

——— Ch Mohan Rao
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It is my pleasure and privilege to ponder over the
achievements of the CCMB during the past one year.
Running and maintaining the Centre of repute in the
frontier areas of modern biology is quite challenging.
On the scientific front, we were able to publish around
125 research papers, most of them in world class
journals, and generated significant external cash flow
for the laboratory. | am happy to record here that my
own group has published a paper in Nature Genetics
on the genetic causes behind sudden heatrt failure in
South Asia. The research highlights following my
report also show the performance of some of my
senior colleagues during the year.

Today, it is technology which is driving science.
During the course of completion of the Human
Genome Sequencing Project, a large number of
technologies were developed which made it possible
to carry out research in life sciences at a scale which
was unthinkable before. In order to remain in the
forefront of research in modern biology, it became
necessary for us to physically reorganize our
laboratory and create centralized facilities for the use
of every scientist. Collectively we struggled, applied
for funds and succeeded in creating most of the major
facilities to enable us to carry out internationally
competitive research in various areas of modern
biology. However, this is not enough. The rate at which
breakthroughs are being made in developing
technologies, we have to be always prepared to
acquire emerging technologies as quickly as they

become available, and to create expertise in these
newly emerging areas. As it is necessary at this point
of time, we have created Clinical Research Facility
(CRF) for stem cell research with the support of the
Department of Science and Technology (DST) and
CSIR, and in collaboration with Nizams Institute of
Medical Sciences (NIMS). This facility is housed in
CCMB Annexe-2 located 2 kms away from the CCMB
campus. The facility would become functional soon.

Another emerging area, which is going to be very
important and has a potential for the CCMB to excel
in, is Nanotechnology with its applications in health
and disease. We approached the DST and succeeded
in getting the grant to create such facility in
collaboration with an industry (USV, Mumbai) which
is also providing necessary fund. This facility will
contain highly sophisticated instruments and clean
rooms for studies if the field of nanotechnology.

Lately, we have seen an emergence of new infectious
diseases which we have to constantly fight. Therefore,
we thought it essential to invest in new areas of
research in infectious diseases at the CCMB. We have
recruited several young scientists to work on basic
biology of tuberculosis, malaria, HIV, hepatitis,
Japanese encephalitis, and newly emerging areas
such as H1N1, etc. For this work, biological safety
level 3 (BSL-3) and biological safety level 2 (BSL-2)
facilities have been created in the CCMB campus.
We also proposed and succeeded in getting
approval for setting up a biological containment level



4 (BSL-4) facility for basic research in highly
pathogenic organism which will come in CCMB
Annexe-2 in the campus of Medical Biotechnology.

To keep pace with the technological revolution
taking place in the field of genome sequencing, we
have procured and installed two high throughput
DNA Sequencers. One of these, ‘SOLID’, which is
good for resequencing of genome, is housed in the
CCMB. The other one, ‘GS FLX whole genome
sequencing system’ which is very good for de novo
genome sequencing is housed in the LaCONES.

As a part of the eleventh five year plan’s facility
creation project of CSIR, we have already procured,
and are in the process of installing, new X-ray systems
for single crystal diffraction and small angle solution
scattering experiments. The facility is expected to
provide highly intense X-rays comparable to second
generation synchrotrons used for looking at
structures of biomolecules. In addition, an imaging
system for identifying and monitoring crystals
has also been procured. In the post-genomic era,
structural genomics programs are mostly dependent
on automated methods for crystallization.
A full-fledged state-of-the-art HT-crystallization
facility has been installed in the CCMB with a
vision to overcome any bottlenecks in
macromolecular crystallography studies.

| am delighted to mention that we are able to build at
LaCONES a large number of cages for lions, tigers,
leopards, non-human primates and ungulates. Today,
we have housed in these cages five leopards which
have been provided by the Nehru Zoological Park for
our research activities on the recommendation of the
Advisory Board of LaCONES. LaCONES is already
recognized internationally and has successfully

created black bucks, which is one of the endangered
species, using assisted reproductive technologies.
| have no doubt that in coming years, this laboratory
will be able to produce a cloned animal and refine the
technique of cloning with much higher success rate
to use it routinely for endangered species.

The CSIR has been very generous in allocating funds
for the construction of a 50-room hostel, guest rooms
and apartments in the campus of LaCONES for its
staff and students. These are under construction and
will be ready very soon. This will enable a large intake
of students which will certainly enhance the
performance of the LaCONES in future.

We have to make constant efforts to acquire, create
and develop facilities which are capable of giving new
directions - particularly such facilities that change the
course of research. Today it is impossible to predict
what is going to happen in the next five years. We
always have to be vigilant not only to procure funds
for creating facilities but also to acquire expertise in
those novel areas. Although we have succeeded in
creating many essential facilities, we need to increase
our lab space for new facilities which are necessary
for the CCMB’s future functioning. | request the CSIR
to help the CCMB to create a new research complex
which is under construction and construction of hostel
for the accommodation of Ph.D. students. | hope the
CSIR will provide adequate support in the form of
funds to complete these initiatives to ensure better
performance of the CCMB.

Lalji Singh
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RESEARCH

Studies on
determination

temperature-dependent sex

In vertebrates, chromosome-based mechanisms
generally known as genetic sex determination are
prevalent; however, many reptilians display
temperature-dependent sex determination (TSD),
wherein the incubation temperature of the egg
determines the sex of the developing embryo. The
Sry-related transcription factor, Sox9 is a key player
in the process of male sex development. CCMB
scientists have isolated a homologue of Sox9
(cpSox9) from the Indian Mugger, Crocodylus
palustris, a TSD species, and followed its expression
through gonadogenesis. They showed that cpSox9
undergoes extensive alternative splicing around its
proline-glutamine-alanine rich transcription domain
that results in cpSox9 variants with impaired or
reduced transactivation potential. The multiple
isoforms were also detected in various embryonic
tissues, with some of them displaying a differential
expression profile. With respect to sex differentiation,
a putative unspliced full-length cpSox9 could be
detected only in the genital ridge-adrenal
mesonephros complex of the male, but not female
embryos during the temperature-sensitive period.
Importantly, they demonstarted similar results in
mouse, a species exhibiting genetic sex
determination. The results demonstrated an
evolutionarily conserved role of alternative splicing
resulting in transcriptional diversity and male sex-
specific expression of Sox9 during testis development
in vertebrates, irrespective of the underlying sex
determination mechanism. The results of this study
were published in the FEBS Journal.

Eukaryotic transcription mechanisms

Several genome-wide studies have suggested that
genes transcribed by RNA polymerase Ill are
nucleosome-free. These genes, are shorter than a
nucleosome in length, and their products constitute

HIGHLIGHTS

the stable RNA pool of the cell. CCMB scientists found
a role for the yeast FACT complex in marking one of
these genes with the histone variant H2A.Z under
active and repressed states. The chromatin remodeler
RSC also has a role other than mobilizing
nucleosomes on this locus. Significantly, the levels of
histone modifications known to associate with active
pol Il-transcribed genes were increased in the
repressed state of these genes.

Pancreatic disorders and Type 2 Diabetes
mellitus (T2D) in the Indian populations

The CCMB scientists have predicted earlier a different
model for genetic susceptibility to chronic pancreatitis
in the Indian population based on lack of mutations in
trypsinogen genes. In their recent study in tropical
calcific pancreatitis patients, they have identified loss
of function mutations in another candidate gene,
chymotrypsin C, which aids in degradation of
prematurely activated trypsin in the pancreas. They
identified important differences in the mutational
spectrum compared to that in Europeans. Thus,
chymotrypsin C mutations function in tandem with
SPINK1 mutations and make the earlier proposed
model more relevant in predicting risk for chronic
pancreatitis in India.

The CCMB scientists also investigated eight candidate
loci in prediction of risk to T2D with an increased effect
size relative to that in Europeans. The study also
demonstrated their influence on various quantitative
traits especially those influencing insulin resistance
and insulin secretion. They also provided evidence of
an enhanced risk of development of T2D with increase
in the number of risk alleles at these loci.

Genetic basis of neural tube defects (NTDs) and
its interaction with biochemical determinants of
homocysteine metabolism

Many studies in the western world have established
an association between periconceptional folate status



and incidence of NTDs, but its biochemical and
genetic basis in India is poorly investigated. CCMB
scientists investigated the nutritional determinants of
homocysteine and gene-nutrient interaction that
predicts the risk of NTD in Indian women. Interestingly,
rather than folate levels, vitamin B12 levels predicted
hyperhomocysteinemia but was not strongly
associated with risk of NTDs. Similarly, two
polymorphisms, C677T and A1298C in MTHFR gene
that globally predict high levels of homocysteine,
neither predicted hyperhomocysteinemia nor risk of
NTD in Indian mothers. Thus, unlike in the western
populations, folate deficiency and the predisposing
MTHFR polymorphisms appear to have a limited role
in the etiology of NTDs in India.

Are specific non-annular cholesterol binding sites
present in G-protein coupled receptors (GPCRs)?

The GPCRs are the largest class of molecules
involved in signal transduction across membranes,
and represent major drug targets in all clinical areas.
Membrane cholesterol has been reported to have a
modulatory role in the function of a number of GPCRs,
although the mechanism of such action is not known.
CCMB scientists, for the first time, proposed a novel
mechanism by which membrane cholesterol could
affect structure and function of GPCRs and
hypothesized that cholesterol binding sites in GPCRs
could represent ‘non-annular’ binding sites. They
analyzed putative cholesterol binding sites from
protein databases in the serotoninlA receptor, a
representative GPCR, for which they earlier
demonstrated specific requirement of membrane
cholesterol for receptor function. Their analysis shows
that cholesterol binding sites are inherent
characteristic features of serotoninlA receptors and
are conserved over natural evolution. These results
could enhance the ability to design better therapeutic
strategies to combat diseases related to
malfunctioning of GPCRs.

A novel RIP suppression mechanism

CCMB scientists found that Neurospora ascospores
issued from asci that undergo RIP (RIP’d ascospores)

in crosses heterozygous for an ~100 kbp chromosome
segment duplication (Dp) can selectively lose viability
when stored for more than ~3 months. Viability loss
was also seen among RIP’d ascospores from crosses
involving a wild-isolate from Haiti, or strains inheriting
the genetic background of five wild-isolated RIP
suppressors from diverse geographical locations.
Inviability of stored RIP’'d ascospores represents a
novel RIP suppression mechanism. The scientists
further proposed that recombination in centromeric
DNA might generate wild strains that mimic large Dp’s
in titrating out the RIP machinery, and small Dp’s in
inducing RIP’d ascospore inviability.

Understanding evolutionary developmental
biology across the species

Much of the DNA in the genome of complex organisms
is non-coding and, in particular, the repetitive class of
DNA has accumulated in higher vertebrates. Simple
Sequence Repeats (SSRs), also called micro-
satellites, are highly enriched in vertebrates and
contribute 3% of the human genome (i.e., more than
2x the protein coding part); CCMB scientists analyzed
501 possible perfect SSRs from mono- to hexamers
in genomes from yeast to human and found that only
a few kinds of repeats are enriched, reflecting
structural and functional constraints on these repeats.
Some SSRs, particularly longer ANAT repeats, have
unusual enrichment of longer size repeats in
vertebrates indicating their functional significance. The
SSRs distribution was analysed in the context of
different functional compartments of genome. In this
analysis, the scientists observed that ACG and CCG
repeats are enriched around transcriptional start site,
a repeat-gene association that is conserved in chimp
and mouse. The findings suggest that these repeats
have a role in organization and regulation of complex
genomes.

Morphology of fibrils of short peptides

Morphology of the fibrils of short peptides is dependent
on peptide conformation in the organic solvents. The
observed structures are rapidly formed and long
incubation periods in the solvents are not necessary.
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The structures with varying morphologies observed
for the peptides appear to be mediated by surfaces
such as mica and the organic solvents used for
dissolution of the peptides. Since short peptides often
exist in an ensemble of conformations, it should be
possible to generate self-assembled structures with
varying morphologies by appropriate choice of
surfaces and solvents for dissolution of peptides,
particularly those having the property to self-associate
such as amyloid-forming peptides.

Induction of protein degradation by lamin mutants

Mutations in the human lamin A gene cause a number
of highly degenerative diseases, wherein patients’
cells display nuclear abnormalities, nuclear envelope
defects and disorganization of heterochromatin.
Scientists at the CCMB have investigated the
mechanisms involved in these abnormalities by
studying the effects of disease-causing lamin A
mutants on the distribution of heterochromatin protein
1 (HP1) isoforms. These lamin mutants assemble into
large intranuclear aggregates, resulting in aberrant
nuclear morphology. HeLo cells expressing these
mutants showed depletion of HP1o and B without
alteration of HP1y levels. Changes in HP1o and b
were not observed in cells expressing wild-type lamin
A or another mutant which assembled normally at the
nuclear rim. Treatment with proteasomal inhibitors led
to restoration of levels of HP1 isoforms and the lamin-
binding protein, emerin. Interestingly, this treatment
also resulted in stable association of lamin mutants
with the nuclear periphery and partial improvement
of nuclear morphology. Finally, it was observed that
HP1lo and b showed increased turnover and higher
basal levels of ubiquitination compared to HP1y.
These data demonstrate that mislocalized lamins
can induce degradation of specific heterochromatin
proteins by activation of ubiquitin-mediated protein
degradation and further show that inhibition of
proteolytic degradation can restore peripheral
distribution of lamin A in these cells.

Strategies for nucleic acid delivery

Inspired by nature, scientists at the CCMB have
designed several peptide-based cargoes with novel

functional motifs and cell-targeting potential that can
be utilized not only to deliver plasmid DNA but also
siRNA and other nucleic acids to all cell types. On
the application front, they have generated various
formulations which are a combination of cationic
peptides, cationic molecules and lipids with novel
chemistries suitable for cell culture and in vivo
experiments. They have extended the delivery
strategy to siRNA, as RNA interference can be
exploited as an important therapeutic tool to bring
about gene silencing as a means of treating various
genetic disorders. Their goal is to optimize the delivery
potential using siRNA with multi-functional delivery
tools generated in the laboratory.

Studies on a-crystallins and Hsp90

Scientists at the CCMB have been investigating
several small heat proteins including o-crystallin.
A mutation, R54C, in alA-crystallin is shown to cause
congenital autosomal recessive cataract. Despite the
association with the disease, the purified mutant
protein shows no differences in structure or chaperone
activity. Interestingly, however, the mutant protein
translocates to the nucleus and forms aggregates
resulting in enhanced cell death. The group is
currently investigating the molecular basis of this
observation. The group had earlier shown that
oA-and oB-crystallin bind Cu?* with high affinity and
have a cytoprotective role against oxidative stress.
They have now identified the putative regions in
these proteins that bind copper. Interestingly, they
have found that other small heat shock proteins,
HspB2 and HspB3, also bind Cu?, indicating that the
members of the small heat shock protein family play
an important role in copper homeostasis. In addition
to the small heat shock proteins the group has been
studying Hsp90, an abundantly present protein that
plays a role in several cellular processes, and a target
for cancer therapy. They have found using F111 and
MDA-MB-231 cell lines that inhibition of Hsp90 leads
to decreased rate of cell migration, distortion of cell
shape and significantly decreased numbers of
filopodia and lamellipodia, which may play an
important role in metastasis.



Structural biology: Structural analysis of virulent
factors from pathogenic bacteria

Mycobacterium tuberculosis hosts a wide array of
genes homologous to polyketide synthases (PKSs).
PKSs in conjunction with fatty acyl-ligases generate
diverse unusual lipids that constitute the complex cell
wall of mycobacteria and serve as virulence factors.
CCMB scientists have determined the crystal structure
of the N-terminal domain of FadD28 protein, involved
in the biosynthesis of virulent lipid phthiocerol
dimycocerosate by Multiwavelength Anomalous
Dispersion (MAD) method to a resolution limit of 2.35
A. The structural and functional analysis shows how
an insertion module dictates the fate of activation of
fatty acids either through ATP (FAAL enzymes) or
through CoA (FACL enzymes). Further analysis of the
first FAAL structure from M. tuberculosis has provided
a rationale for designing specific inhibitors for this
family of enzymes that can disrupt several virulent
lipid metabolic pathways. In another effort, the
scientists have characterized a novel cell wall
degrading esterase (LipA) from Xanthomonas oryzae
pv. oryzae, arice pathogenic bacterium. The structural
and biochemical analysis have shown that the enzyme
possesses a unique carbohydrate recognition site far
from the catalytic triad. Mutations that block this unique
site abrogate in planta LipA function, as shown by
loss of both virulence and the ability to elicit host
defense responses. A similar recognition module has
also been identified in several other important plant
pathogenic bacteria. The study provides a remarkable
example of how novel functions can be imparted on
existing folds and employed by pathogenic bacteria
for virulence-associated functions.

Studies on calcium-binding proteins

CCMB scientists have been carrying out structural and
functional analysis of By-crystallin as calcium-binding
proteins. The By-crystallin superfamily consists of
evolutionarily related proteins with domain topology
similar to lens B- and y-crystallins, formed from
duplicated Greek key motifs. In quest of this, CCMB
scientists have identified a novel Ca?*-binding a double

10

clamp motif. However, binding of Ca?* can elicit varied
physico-chemical responses towards calcium-binding,
ranging from passive sequestration to active
stabilization. The scientists have shown that reduction
or loss of Ca?*-binding by members of the superfamily,
particularly in vertebrates, is due to the selective
presence of unfavorable amino acids (largely Arg) at
key Ca?*-ligation positions and that engineering of the
canonical Ca?-binding residues confers binding
activity on an otherwise inactive domain. They suggest
that the sequence N/D-N/D-#-1-S/T-S is an ancestral
motif in this superfamily which was modified in some
descendant lineages due to selection for other roles,
as in lens crystallins.

Bacterial biodiversity of cold habitats

Pyshcrophilic bacteria capable of surviving at sub-zero
temperature could serve as an excellent model system
to understand how life forms survive at low
temperature. Such bacteria could also serve as
workhorses for the biotechnology industry. CCMB
scientists have so far described about 30 new species
of bacteria from Antarctica and a few others from other
cold habitats. These bacteria have also been
subjected to bio-prospecting for cold-active enzymes
and biomolecules such as pigments and fatty acids
of nutritional value.

Bhargavaea cecembenisis — A new bacterial
genus from the Indian Ocean

The CCMB scientists isolated a novel gram-positive
bacterium phylogenetically related to genera
Planococcus, Planomicrobium, Bacillus and
Geobacillus from deep sea sediment at a depth of
5904 m from the Indian Ocean. This bacterial strain
was assigned to a new genus Bhargavaea and the
strain was named as Bhargavaea cecembensis.

Development of a protocol for antagonizing the
anaesthetic effect in tranquilized ungulates and
big cats

Ungulates, big cats and other endangered animals
need to recover from anaesthetic effect to avoid
hazards due to regurgitation, aspiratory pneumonia,
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distention of lumen and predation in the wild. A
protocol has been developed by the CCMB scientists
using yohimbine to antagonize the anaesthetic effects
of ketamine-xylazine in captive Indian wild felids and
tolazoline to antagonize ketamine and xylazine in
ungulates.

Glycerol-3-phosphate dehydrogenase (GPD2) Is
essential for capacitation in mammalian
spermatozoa

Using hamster sperm as a model system, CCMB
scientists established that GPD2 is required for sperm
capacitation. This is based on the observation that
GPD2 undergoes capacitation-dependent tyrosine
phosphorylation, its activity correlates positively with
hyperactivation and its effect is mediated through
generation of reactive oxygen species, which in turn
regulates ATP production.

Human genome diversity in India: A common
cardiac myosin binding protein C (MYBPC3)
variant associated with cardiomyopathies in
South Asia

Heart failure is a leading cause of mortality in South
Asians. However, its genetic etiology remains largely
unknown. Cardiomyopathies due to sarcomeric
mutations are a major monogenic cause for heart
failure. CCMB scientists discovered that a 25 bp
deletion allele of the MYBPC3 gene is associated with
heritable cardiomyopathies resulting in an increased
risk of heart failure in Indian populations. Prevalence
of this allele was high (~4%) in populations of Indian
subcontinental ancestry. These findings will help in
identifying and counseling individuals predisposed to
cardiac diseases. The results were published in
Nature Genetics.

Genetic causes of male infertility: CAG repeat
variation in the mtDNA polymerase y is not
associated with oligoasthenozoospermia

Variations in the trinucleotide-CAG repeat number of
the catalytic subunit of the mitochondrial DNA
polymerase gamma (POLG) have been speculated
to be associated with male infertility. The ten CAG
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repeats (10/10) were found to be the most common
allele (88%), absence of which was found to be
associated with male infertility. CCMB scientists
undertook a study to investigate the distribution of the
POLG-CAG repeats in 509 oligoasthenozoospermic
and 241 normozoospermic control Indian men from
the same ethnic background. The study suggested
that distribution of the common allele (10/10) was
almost similar in both infertile (75%) and
normozoospermic (75.5%) men. Further, they
analysed the CAG repeat number in as many as 1306
Indian men belonging to different ethnic, geographical
and linguistic backgrounds and found the common
allele (10/10) at a frequency of 78.4%. They suggest
that the 10-CAG repeat is the most common allele
present in Indian populations, but its absence and the
occurrence of the other mutant homozygous (non 10/
non 10) genotype should not be assumed as being
specific to infertility. The study concludes that the
POLG-CAG repeat variation is not associated with
male infertility in the Indian populations, and hence is
not a useful marker for screening infertile men.

Novel variants in UBE2B gene and idiopathic
male infertility

CCMB scientists have undertaken a study to
investigate the genetic variations in the UBE2B gene
and its role in human male infertility. Sequence
analysis of the UBE2B gene in 530 infertile (350
azoospermic, 105 oligoasthenoteratozoospermic and
75 oligoasthenozoospermic) and 300 fertile control
men revealed the presence of 5 substitution single-
nucleotide polymorphisms (SNPs) in 221 individuals
[199 (37.5%) infertile and 22 fertile (7.3%) men]. Of
these 5 substitutions, 2 were novel and observed only
in infertile men. Distribution of haplotypes TA, TG,
GA and GG is not uniform between the patient and
the control group of this study. Their study suggests
that the haplotype TG conferred significantly increased
risk for male infertility. In silico analysis of the SNPs
suggested defective splicing by or alteration in
predicted regulatory sequences. This study suggests
that UBE2B is associated with male infertility in Indian



men and provides evidence for additional genetic
factors for male infertility

Understanding the pathogenesis of the
androgen insensitivity syndrome

CCMB scientists have undertaken a case study to
understand the pathogenesis of the androgen
insensitivity syndrome in collaboration with the
Institute of Reproductive Medicine, Kolkata. They have
sequenced several genes implicating sex
determination in two sex-reversed females (46,XY)
along with other unaffected family members. They
found that both the affected individuals had higher
levels of T and LH and found a C1760A mutation in
the androgen receptor gene leading to Ala 586 Asp in
both the affected individuals. Using site-directed
mutagenesis approach, they introduced the mutation
in the cloned androgen receptor gene and performed
functional assays using COS-1 cell. They observed
that the Ala 586 Asp mutation in androgen receptor
disrupts transactivation function without affecting
androgen-binding.

Chromosome biology and human reproductive
genetics

A total of 936 individuals were studied, including
prenatal diagnosis cases, for chromosomal
abnormalities using Giemsa staining, high resolution
G banding, and fluorescence in situ hybridization.
Majority of these include patients with reproductive
disorders such as repeated miscarriage, ovarian
dysfunction and male infertility, while others include
patients with short stature, hypogonadism,
undescended testis, microcephaly, delayed
developmental milestones, familial and isolated
mental retardation, and cerebral palsy. Furthermore,
chromosome analysis was performed on bone marrow
samples and tumors from cancer patients to look for
acquired chromosomal changes. Specimens
processed included blood, amniotic fluid, skin,
products of conception, cord blood, bone marrow,
solid tumors and others. The CCMB scientists
observed chromosome anomalies in the form of

12

numerical and constitutional changes in sixty-two
individuals. Distinguishing findings were a reciprocal
and balanced translocation between chromosome 4
and chromosome 7 [46,X?,t(4;7)(q27;922)] and a
translocation between chromosomes 2 and 18
[46,X?1(2;18)(g37.2;g21.3)] that was transmitted from
the mother.

Modelling spatiotemporal organization in
biological systems

The CCMB scientists have been modelling ecological
and epidemiological processes using simple generic
models, and by building realistic mathematical and
data-based statistical models. A suitable modelling
approach and methodology, based on the effect of
environmental variability on malaria transmission was
developed for Chennai, Tamil Nadu. The method is
successful in predicting the disease incidence at long
forecasting horizons, with a high degree of efficiency
and may be useful as an early warning system for
disease prevention and control activities.

Plant-pathogen interactions

CCMB scientists have earlier shown that cell wall
degrading enzymes secreted by the rice pathogen
Xanthomonas oryzae pv. oryzae (Xoo0) including a
cellulase (CIsA), and Lipase/esterase (LipA) induce
rice innate immune responses such as programmed
cell death (PCD) and callose deposition.
Transcriptional profiling indicated that expression of
an OsAP2/ERF (Oryza sativa Apetala2/Ethylene
Response Factor) transcription factor gene is
upregulated ~5 fold following CISA treatment. They
now report that treatment of rice roots with
Agrobacterial strains containing a T-DNA vector
encoding OsAP2/ERF causes PCD that was found to
be significantly higher than that observed in rice roots
treated with Agrobacterial strains containing the empty
T-DNA vector. Infiltration of rice leaves with
Agrobacterial strains containing OsAp2/ERF plasmid,
but not the empty vector, led to induction of callose
deposition, a hallmark of induction of innate immunity.
Prior treatment of rice leaves with an Agrobacterial
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strain containing OsAP2/ERF, but not the empty
vector, led to induction of resistance against
subsequent infection by Xoo. The results indicate that
OsAP2/ERF is an important regulator of rice innate
immune responses.

Molecular mechanism of pathogenesis of
glaucoma

Mutations in optineurin are associated with glaucoma,
a neurodegenerative disease that causes blindness.
Optineurin is involved in vesicular trafficking from Golgi
to plasma membrane, and in NF-xB regulation.
However, functional alterations caused by mutations
in optineurin are not known. Work carried out by the
CCMB scientists, shows that knockdown of optineurin
impairs trafficking of transferrin receptor to recycling
endosomes. A point mutation in the ubiquitin-binding
domain abrogates localization of optineurin to
recycling endosomes and interaction with
ubiquitinated transferrin receptor. Compared to
wild-type optineurin, E50K optineurin (a glaucoma-
associated mutant) showed enhanced interaction with
transferrin receptor and Rab8. Expression of E50K
mutant reduces uptake of labeled transferrin by the
cells. The formation of large vesicles (recycling
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endosomes) with slower dynamics by E50K and
its ability to inhibit uptake of transferrin are mediated
by ubiquitin binding. These results suggest that
optineurin regulates endocytic vesicular trafficking
and the E50K mutant impairs trafficking at the
recycling endosomes due to enhanced interaction
with transferrin receptor and Rab8.

Regulation of the cytoskeleton

Complex signal transduction cascades regulate actin
cytoskeleton, which is responsible for maintenance
of cell morphology and tissue integrity. A large number
of developmental disorders and metastases are due
to defective cytoskeletal dynamics. The c-Abl tyrosine
kinase maintains tissue homeostasis through its ability
to regulate apoptosis and actin dynamics. In vivo,
c-Abl activity is stringently regulated by mechanisms
not fully understood. Studies by the CCMB scientists
showed that F-actin binding domain of c-Abl is
essential for regulation of its restricted activation to
phosphorylate C3G and induce cell death. C3G is also
required for oxidative stress induced cell death
mediated by c-Abl. The scientists found that C3G
functions as a negative regulator of B-catenin, a known
modulator of epithelial-mesenchymal transition.












S99 URIdEd & IR BId-81d ST.ATerol 8 HgHdl & e ug 4
HATg gU | 31U GaTd HrIbIed &b SR Sl ATersl! (98 7 §9 b & fddbra
& oY, T SMERYd Jlawmsll I S[eM H, S7UAl Seolkdd ARG
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St.arerolt (g @t darfaRy & a1g Srdon IRAES + SRS &
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Arfiead & 1 a9 § ure Syt B U
d}d BY Y31 9 UG el Bl REl 2 | g
Stafas= & Fd9a9 &= § b & Ihd

AT Ud SHd! URTSST I ST IGT HeR

STrafasie & Fd=dd 0 &30 § 99 I8+ & {1
TH 31U 18 TG YOI Bl TF BRAT AT D
8l T 2 | UAP JSIf~dh b foTU 3aedd e
Jlaemsil ®I IueTe B T YAl D

ARl B 8 | IS &3 H, T T
125 wnyguAl @I gk fear, 96 |
3fferepTer eNgu= faeawaiia ufdieil § uahiierd
80 R WISl & fau 9w @l 9
o 9T SIfSTT BT | g1 Padl gU YA 8l J8l
g f W oo gu 7 ufed R | s
g dTel gSaTgTd & forg iR omgafdie
SR T Yo 2y U Bl faweard uiie
Ty SFfea’ | weIRa fear | Fel W
ufrde & aTe AU ST v8 MEeR] & WRg 3fer
& fTId AN $o AR FEAIRl gRT 39 a9
& SRM P MY yqE gD BT 9 Seoid
frar T g |

TST BT fIsm= Urenfire! uem= & | 99d SieH
SIHHOT UREISTT BT ORT HRA $ SR, B
ddb-1dh! ® fasRid fear mar, ReEar 9o |
TiftTfas= & & § 99 THH W) U MYHt
HI BT GG B U1 ®, P aR H 3899 qd
HeqAT W el Bl ST Wbl ot | 3w
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Pprsipd JAgrAl oI 89 giSd bRl Ul |
T e B I 6, orge R[N @
AT T AT 3H T Gfaenaii o1 ura o,
5 gRT 89 SRS wR W amgfi®
SHafdee & s Wuids WY &Fl 9SS
BT DI B Fh | Afh, |l Al Bl B
AT Tt B | =R fasRed 281 38 drenfirast
& &3 # o1 ol & A1 98lTd 81 IR §, SHd]
QI U 3Maedd &1 1 & b I8 UTW &_ &
foU &9 a9 dUR T 3R 37 SURAT 88 S
drenfifeal § faeiverar o d g1 ax |
A B AN B QR A F g g g
U4 UEnfel fQuem qen AiengeR &
FEAT ¥ 4 From smfas d@werm (NIMS)
& AN H A o ey & forg Faferedir oy
gfaar (CRF) &1 fmfor grer form 7, <t &
AfeAdl gRER | 2 ffl @l g W)
HrAgHdT e ia-2 W fRq 21 39 gfaar &
forg fmior S e T 81 I B B8R e
B I8 HIIRA B ST |
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TACHIAST U iR IWRAT &7 ©, R
@Ry Td IRl & & § BIH! 7l B |
ARAGAET 9 & | 37U ISP Al B
UR= & Hhdl & | GrIs [Rrd USB &u+t &
FEANT F Ul €1 b faer Bl e b forg
g9 fasi v drenfiret v | U faan
3IIR ATIZID T IR o H el 2 | I8
Gfaar Aol & &3 H ey B b
forg armaege srcamgfe IURHRI TAT “Folld
WA A gar BT |

3l BT H, B T T3 AHTHD dHIRAT Bl
SHR Y QT B, ST A1 B4 SR il
gSi | S9fely, §FH ARfTAdt # dAdhEd
SHIRAT | e ep 5 eNeRIfae bl g1
3IaeAD TSN | §A 3FTeh URTHTRITel Ud g
gUCISeH, UM Trthargicd Hadl Jmemyd
Sfadt Td AHINT, S FdHa9 SURT & |
YD B & foIg 9ol fpar & | s v &
fore TrreHdt uReR # € Sifaty Jren wir-3
(BSL-3) Ud Sifdeid grem wWR-2 (BSL-2) &l
wIfUa B =1 g | gEE Ud SR gfaen,
Sfaely ERIgF WR-4  (BSL-4) BT erfud
AT BT YKITG @ 3R gD o7 AT U1
BRI H Ahd 38, s oo arf SR &
Ig Gfger ARNUH & 3reric-2 & 3iufd-
SITUEfTat & uRER # wfd & S |

S STJHACT &b & H Bl I8! UefD-
ShifcT’ @1 JTUETRIT DI &9 H I gY &4 Ugel
8l a1 ‘BIRYYc ST HFdaR’ Pl U] PN
forar & | 379 9@ Usb & ‘Hifers’ (SOLID) A &t
HeMH, S SIFM & GAaIgshHAvT (re-sequencing)
& foIg 98 3! A Sl 8, o Aigae
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H wrrfud fpar ar & | gEdl HiE 'GS FLX
whole genome sequencing system' &; 519
ST~ | ST 71 &, ST S 3ThAvT Bl
T0 RR A B & forg 98 sree! A S 2 |

TIREA] UgauiT AT & d8d HTTHINSIR
&I glaemsii Bl qaﬁ Hdd gRASHT &
3T, EAY Uhdl fsheed faac Ud &g BIvl
U101 dTel GRIEvT ] B B Ud s Taa-
YUl Dl TSl 81 SUCES BT fordm & 3R 39
WIS fhar 17 R8T € | g8 gagr Sig qupei
P ARG Bl <@ & fIU B M aTelt
fgdia fidt &1 ‘Risble=a’ (synchrotrons) &
TRE AT N TRI-N UGH HRA dlell A
STl € | 399 317dT, feheedl &l ugam=+ Ud
ST AFIERT B & {0 T AT gomedt
BT Wl ST BRIAT AT E | S TRATSHT &
916 ¥ ARIATHS SIHIH® Brihd Srfaierd:
foReeiiaror & fou w@arford  (Automated)
faferal ox smenRa &1 ¢ € | g'd sMvifde
fored faem et sreaa=i # o arel fanedt +ft
TRIE BT G- BRH &b g A AAIvHd! § U
FagfAgrgad I<H v Bl HT-fhe el
e o wenfud fear T e |

qe! 9 91d DI gard gU el © b 89 o=
H ¥R, 99, dgen, de) USicril (primates)
Td $B YRR U] &1 v & forg o8 iR
®! (T a1 & | a9, g9 il &l
wrref-affa @ RwiRet & orgwy 'R
§RT U HRIY Y 5 <igall &l 39 fustst
Ugel A Bl W B3N & | ‘Wb Bl AR
WR W gl & Al 7 gal § iR 39
AEIS USTIAIHS qhIdl & SR gR]

qaifres Uy gScRll § 9 UEh f/RT @




‘@IB-gh AHD YSIIT BT Aheldgdd ST
HRIT B AT U & | g1 gui fawar & b
SMTHT g1 H, oidb~g Udh Felli~Id SR Dl
JIR HR U D Fea Bl Dl U b
fTg T @1 db-il Bl URSHA HRT H
HTITE BT, Y 39 dobtep ol fafira diR
UR WYY YSTirdl R G febam S 9 |

AP &b HHATRAT Ud MBI & T 541
gRWR § 50 HHERT qTelT BTATar, Srfafr-weti
T JUTcHed & T 2 el 31 Iucter
PR H HITARMSIR A AT SR fers |
fhergrer, I oyl foiomei=w € 3R ofrg &
gIRY IR Bl SO | 399 gof 9T H
INIBTAT BT eIl fhAT ST b, o ufasy
AP Bl BRI eFar § AfTad wu A
I Bt |

g4 A7 dR W faen FERE #Re @l eHa
R@ drell giaensti H1 sYe d= & faid
U PR YT AT, WRIHR S G bl
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ST 2N Bl {2 Bl 95T T | TS 39 I Bl
QagAT ST 3Ri9d 2 b SRTel ure aui H
F B SN BT T | BH W 9Ay gl
®I S[eH & o7 9 daa (el @1 g Sy
HI & URT T &1 8, dfed $9 ¢ el |
foerystar +ft =1t & & | ETClife B9 @Y
AT gl ®f Jer § A g9 2,
cfpd, wWEl wg-ywaEl & oy raedd
FB AR gfemall o1 anft +ff &9 e 7 |
HITHTERMR A ART TR ¥ o5 ARfrowdt a1
AR HFelad, FEOMES Fd9 9y
P Ud UIgae! Y BT & fog 37ard
a9 & AT | A8 UG o | 39 Ul Bl
dJgiftes w0 & wot frad W § 8k
HTAMEIR & U foramTefs & | ¥ omen &
f5 g% Py T 37 T B R e 2
HITHIATSIIR ATqeID HIIT Bl IuAT B
R O AgANT UG B |
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eNIRT & W I

ATIshH-3menRa fere fRrerivor uR srega=

HAHDl Sl H, YU AEIRT yorfordi
AR UR Ul Sl &, S ATl AR
foT FgRor & wu #F o ol € | denfY, o
TP Sfal |7 dauwE rerid
forT MRl Sem @1 e 8, S8l W3S @
‘GRISRM U’ BT B 2 qor H fom
iR FRar 8 | Sry-Hdfa sreEd BR,
Sox9 R & wU H e 8 arell ufdear #
Wgﬁaﬂﬁw% I@?ﬂ@%ﬁ%ﬁwﬁaﬁ#
39 WRA MR, plbrSIgerd Ueiese, S Ub
TSD yonfd 8, SAd AYol A Sox9
CpSox9) @ YAFH Bk SHA-IRY GRT
3rfyefad HREM © | SR <9I & fh cpSox9
T SATAH Jahfctds TATgRIT I BIHY ok &,
S 6 g9d AN-URT & UIATga-TeHIg-
TATIET @ WgR HATAT aTell & g,
g gRUTHERAY qIferd AT ¢ §Y WRIAIHI0T
(Transactivation) w9d@ & AT cpSox9
(Isoforms) &1 &g bR & Yol FHadi A
gl T, O 9 g fAfdg geRr @l
PRGN B IR aret o | T [AuiaRor
Al S & fAid Ud  JAGANNI
ITRATSEE X TS dTel CpSOox9 Bl Gy IR
& ‘SHISed RY-Ugad HINIMbE drUaRT H
g ol ST ¥hl, fdbw] qUHH &l Pl b
SR #1e] & Yol & # 59 781 <@ T |
I8 Il & b SgaflRie form MuRor @
S aTell USTiT & 928 W S ¥ UBR &
aRUTH BT T fhar | Ugell 9R, 39 UhR
Teh Tushd TR forT ek usiifr & g1
Sox9 FHYTHS B Yeb AYUT Hehel TaRAFT B
UG Bl TTg | AT S 1+ B! UTOTdl H guor
e & dRME BF Al SgEHd
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(Transcriptional) fafderar dem Sox9 @ R
Sifd fR aferfea & forg dafous
TATSRIT B Sl ARefucHd  YHDI
B TR B, S S Fifga fomr MaiRor
goell & fo97 gwifdd gu <l St ® 1 g9
HE@YUl eqd & URUTH ‘Bed’ (FEBS) we
Uf3eT § TR gU o |

JhRANTEH 3IJei@ (Transcription) franfafer
P SIFIH SMUTRT TEIIT 9T & & TormgH
RNA ieliRst Il gRT srgeilRaa fby g S|
feaareid fed Bld & | I8 oA, Sl P
TS W U faericid 4 B BId 8, BIRI®
& WE RNA 9ig d @ o 9§
ARt & deiel 9 Ay U SHaR
Rufo & 3 599 9 TS SiF Bl Sl
‘fexe dRu<’ H2AZ & 919 8, SAG
ff2rd ax1 § IR FACT Affist &) i
B URT & | 59 S W R Yo
P RN B b Srardr W mEfed
(Remodeler) RSC @1 YfHehT XEe!
g | foory wu ¥, |afha pol ll-3rgeifRad sia &
FEART & wU H I e uRaddl & Wi
3 Sl R 8 dTell gHqaR! AT § 98
S g |
e | Ul§ SN drell TRU-2 SrIfachor
Hersew (T2D)

ARATTHET & d=ATTRT 4 AW YA SFFAT FITAT
fr feodi=oE S9 4 SaaRad=l & & &
TR TR WRATY TG H Shlel 3T
I8 AT & IR | AM ST AT AT |
FSUNY Yozl H Ve dlel hodIvd 3T=aTeril
EERRRISSENSIEIS R ECGERREAYIY




Tl RT BISANCRT C THP UH T
JHR & SiiF & 3Tax IARIAT bR B HHI
DI IR TSN Bl | TS SN ST b 3[EX
URUF wU | WAfhy o & meed H
AETISD BIT & | S JRIT Al B1 Jorm |
SRadT Hadl yRged & HAswyul favwal !

gyur Hdfad RuRel vd SiH 9we &t
Teufiar & @il et 8, e 9RO
AfEersi # NTD & WeR &1 gafgdr o mman <1
AHdT 2 | U feeray 91d I8 & o Bieie W)
B JAT H B, WRI 7 BRUNBMIRRCIHIRT

(Hyperhomocysteinemia) T 3Tferd

TEIMT | 39 UBR HeAfefRE C SaRadH
SPINK1 IARET & A1 Adg U I B
PRI & AR URAT H BF dT] <STHdIeiA
=TT STl | el AR BT A I
Hael gd yRanfaa faf¥ne Ars &l 3R 3ifdres
SUYI 91 2 |

HRATGHdT & ISR T IR AR H 31D
AT | T2D I g9Ifiad R dTel WX b
SITAT ST H 3116 HeRI &1 &1 Hl ugar
B | 39 SIF b AT I/ IR AR H
1S ATAT § T2D BT JaTfad B+ aTel Wk &
AT I H 3 &1 Bl et d1 FeiRa
foRar | 97 1Al 7 e eTul TR TS+ dTel
ST gHTal B W uefirg fhar, S ey wu |
i UfcRIgdr Td $gfe A1 I yHIfad
R T | I8 39 &3 R R A s Uellal
& I g3 A=A &A1Y TIRY-2 SRS &
BF Gl 9gd WaX &1 yEer At Sueier
PRIATE |

AT ATeT ¥Hdel Sl BT AR MR T4
THIRREN SUT=d & SaRT4arfe Heivel
& 1A SHD! AEHTRET

ufeadl S # fRU MU B Sremydl gRT
TIHIRAA Blele e (Periconceptional
folate status) Td NTDs & UTU SITH & §id Fae

TR, g el § NTDs & O[S @k 4
IHG] W Y T8l gl A | 3 UK,
MTHFR SI9 & & dgalldIRe C677T Td
A1298C fITqRak TR BHINRCIF & STsig
$ ®Y AM S & | MTHFR SiH 9
EAIRREIIERAT &1 AN o € &R 7 &
TR G171 | 819 dTel NTD & TR &1 | 39
YR GRS & 9HeRl & [u,
YRAI AN b I BRI H Bleie & HHl T
Qdig@e MTHFR SR Bl T et
CIERSISIE

SH-UIEH gt arel 3 a1 fAfee saeaaR
Bl JEBRI A B & ?

SH-UIE| |JFHT A8l (G-Protein coupled
receptors-GPCRs) &Iy feifeeral & ddbhd
craeder H AT SMufeli &1 Ja¥ g1 97 7,
IR I8 T fafercd el # uqa iwfy Jeat
o1 yfafsferea o)ar g | 3M& GPCRs & Udrd
B! R B | f3Teell BloRG i B YHD!
TS TS 7, TEf gt fhanfafy anft 9@ erstma
T | ARNTAS & dsfe |, Ugell IR Ud A8
forarfafsy &1 uxarfaa fear 8, e ofala
f3Teell Pleikelcl GPCRs &Y IR 3R Yohrd
DI YAIT PR FHAT § 3R I/ AN
TR {6 GPCRs & dloRTldl d99dRT &

211 BT ydl oIl 7 7 | fhg, WIRA H 9 &
STIRATI® Ud 31MoTfaeh JMerR & &3 H srufara
el URU Hdluoie T8l I8 | SigAdl &
ISPl STU WMYBR B SHIRRSIT &
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‘JATITHR FEIFTHRT AT BT FiIET B
Thd & | I8 GPCR & Uah ufafafe
Serotonin,, & UICH SlCEd H SFHIN
PRSI SEDHRI &A1 BT [aTeAyoT fhar | 396

Annual Report 2008-2009



fore S=iv ugel € UEY Uerd & v eravyd

(AT 3TIhHYT YRTgd AT SSRs), T8 ATShI-

fafese f3rcell PIoRTIA &I 9T AT S9dh
faeeryor gorid € 5 dreeid de9aRT &
Serotonin,, A& & AAFTS FgUN | Fad
BId € 3R Ul Sfgdrd & = wRfex
Ed 8 | 39 uRuHl &1 9o 9 8} ffea
IS8 & ¥R Bl 3R J8aR fhar S Fam
St GPCRs & qmgul yaeraf & St
SHIRAT ¥ o8] dRE ¥ o S 9 |

RIP &t 98 <94 UvTelt &t @iot

ArAeadt & defret 9 gar < g fb ~100
Kbp dTel TUREE & W &1 fg]ur (Dp) fobar |
e fawd gl Wavor 4 RIP (RIP'D) 9
Bl IO dlel asci § el "SRR
TEPRORY' ®1 ~3 721 A 31ferd HetRd w3
R IADB! 9 &9 | W Wy F B 8
ST & | U dTgcs-3sdieie & adl (Haiti) &
I Rl a1 5 fafde Srgdfite greyH
qarell TSI discs-3salaics RIP HHIRA!
A s G, S fafqg Wimfere Wl 9 S
RIP'd TRpIORE 9 8, § 91 S efAdr &
HH! DI @1 T A7 | HSIRT RIP'd TRpRGIR™
P ST N&THAT RIP & U 3 SH YUTTell Bl
gt € | A=l 7 o $B iR geima <d
8U dal fb ATHR® ST & FATST a15es
T B IO PR b g, ol RIP 7T Bl
AT R §RT o Dp's Td RIP'd TvabNgIv
P A 31T B URT BT gRT BIC Dp's
&1 Ul HRA T |

TSRl & IgaeNHe AeRiTa Sifdat
T ETTT

GTADBR I HeAweh| H G #Hofl &1 SIgy
dfgd 8l o & | Rue Al Rdiesd
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Acdrge & 9™ I I SIHET ST ®, Bead] §
9 UHR JAH U H UTY S dTel gl J
H 2 | 7a S H 3% AFTEH &7 & 91a9s,
ST 6 WIS IS &I AT A1T 8, SSRs &
yHTAfHS Ade & IR H TGN T8l § | FA
501 HWT AYUf SSRs (AT I TIhR Baorad
) BT fazelvor fhar € | 52 WHR A v
A I b (A Sai & SiHMT A YT foar
T2 | & U 5 Fad o5 & UeR &
QRTGRd, HREAIHD Ud YhTdicid Yides &l
SeMld §U 99 8U & | 99 JARIRTT B2l
¥ PB SSRs, UgEd: @ ANAT Y&RTEd
SP UbIIHD HE DI Gl BRa gY, o=
JMMHR & GARIGA! DI AT AHIG o o B
g | T St & ffdy geriere Sudel &
Heul # SSRs & AR BT Y fgetyor fHam
g | 39 faweyur & ofaia gA urn © o5 S
STIfh R e ATse & ga-1ie ACG g CCG

YR GG Bl & | 59 YARTGRT Sl <l HaY
RSl qom g2 | ARfE Q@ S | 2

AR gRUHE 7 ARy SiHME & yded qen
=T § §91 gRTgal &1 e & femmn g |

TS S-H%H GEHIRr

foemrel @ Tegs sMgaal i) AR g
g | S T8 WA don o T gkl €
AR sl H % g &l BroArdfe
(Long incubation period) &I BIFT ST%I
T2l 2 | Uergsd & forg <@t 13 uRad-eia
STHTRGT dTell GRATY IS Ud Bl oI
S ool @t Hqeaverar qrell udia sial 2,
RTTT TN Uerss] B! T § fohar STar 2 |

9%, Pl & ARH YT § BIC URES
P AFAR W] ST 7, 39 AT & I8 d9a &






































































































































































































































































































































































































































































































































































































































































































































































