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Scientists love to talk about their work therefore, on

behalf of my colleagues and on my own behalf, I am

happy to present the Annual Report of the Centre for

Cellular and Molecular Biology for 2007-08.

During the year under review, Shri Kapil Sibal, Hon’ble

Union Minister for Science and Technology and Earth

Sciences laid Foundation stones for two new buildings

that house the Clinical Research Facility (CRF) for

Stem Cells and Regenerative Medicine and the

National Bio-safety Level 4 Containment Facility

(NBCF) for Human Infectious Diseases. The

construction work is in progress in CCMB Annexe-2,

two Km away from the CCMB main campus in a 5-

acre land on Uppal road, Hyderabad.

CCMB Annexe-1 houses a fully functional and a

unique facility for wildlife management, the Laboratory

for the Conservation of Endangered Species

(LaCONES). LaCONES has come up with most

satisfying experimental results. A group of scientists

led by Dr. S Shivaji, has been working towards

developing assisted reproductive technologies to

successfully induce pregnancy in endangered animals

by artificial insemination (AI). In 2006, they achieved

using AI techniques, the first successful delivery of a

spotted deer in India. During the year, LaCONES

achieved the first successful artificial insemination in

estrus-induced Black Buck, by non-surgical intra-

vaginal insemination, which led to the birth of a live

fawn of this endangered species.

Keeping abreast with the technological advances that

essentially drive present day research, we, at the

CCMB, are continuously adding and upgrading

infrastructure required for research in frontier areas

of modern biology. We, therefore, substantially

upgraded our instrumentation facilities with a few

additions, which I am sure, will go a long way in

achieving the goals set by the CCMB (please see

pages 208-210 of this report for details).

Our collaborative efforts have led to the inauguration
of IRM-CCMB Embryonic Cell Lab at the Institute of
Reproductive Medicine (IRM), Salt Lake, Kolkata
under an MoU, an ideal example of public-private
partnership in the advancement of high quality
biotechnological research and developmental
activities.

The research output of CCMB in the form of

publications has averaged around 100 papers per

year for the last 5 years. It is pleasing to note that the

majority of the papers have been accepted for

publication in peer-reviewed international journals with
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average impact factor around 4. Because of our

national and international collaborations, we are also

able to generate significant external cash flow for the

laboratory. As far as the ongoing research activities

are concerned, I am pleased to present a summary

of its salient features as follows.

BASIC RESEARCH

Human genome diversity in India

The Centre for Cellular and Molecular Biology (CCMB)
began research in human genome diversity in 1999.
The findings of these studies were published in several
scientific journals including Science. The studies on
the origin of the tribal population in the Andaman and
Nicobar Islands using detailed mitochondrial DNA
analysis has shown how genomics can answer
puzzles related to migration of human population.

Genetic causes of male infertility

Y chromosome abnormalities are a major genetic
cause of male infertility. The Y chromosome bears
several genes responsible for spermatogenesis and
the deletion of such genes leads to abnormal semen
profile. Although male infertility is common all over the
world, very little is known about its genetic etiology,
particularly in Indian populations. At the CCMB, studies
on gene deletion polymorphisms have suggested that
the UGT2B17 gene is associated with infertility in Indian
men. In contrast, CA repeats and RsaI polymorphisms
in the ERβ gene and signal peptide insertion/deletion
polymorphisms in the ApolipoproteinB gene were not
associated with male infertility in Indian populations.

Chromosome biology and human reproductive
genetics

A total of 2462 individuals, that included patients with
defects in spermatogenesis, ovarian development and
cycling disorders, polycystic ovarian syndrome,
recurrent early pregnancy loss, short stature,
hypogonadism, undescended testis, microcephaly,
delayed developmental milestones, familial and isolated
mental retardation, and cerebral palsy, were studied

and chromosomal anomalies were observed in 430
individuals. An unusual 47,XX,+mar was found in a
woman presenting with spontaneous miscarriages. The
marker chromosome was further identified as partial
trisomy 19 by MFISH. The scientists also found three
missense variants in the ACVR1B gene in women with
ovarian failure, thus providing the first association of
this gene with ovarian failure etiology.

Ovarian follicular dynamics in endangered Black
Buck

CCMB scientists have undertaken ultrasonography
to monitor ovarian follicular development and ovulation
in the endangered black buck. They characterized the
estrus cycle with respect to the length and the number
of follicular waves and monitored the size dynamics
of the follicle. This study formed the basis of a protocol
for estrus synchronization in the black buck.

trmE is required for growth of bacteria at low
temperature

CCMB scientists demonstrated that in a psychrophilic
bacterium, Pseudomonas syringae Lz4W, the trmE
gene (for transfer RNA modification GTPase) is required
for growth at 4 0C but not at 22 0C and 28 0C. Their study
also demonstrated that trmE is a low temperature
inducible gene and has a cold-inducible promoter.

Leishmania virulence genes

To understand virulence in Leishmania, the group at
the CCMB identified several differentially regulated
genes. One gene, META1 showed a striking
correlation with virulence.  META1 was found to exhibit
multiple levels of regulation at transcript and protein
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level, such that virulent cells always have more META1
than attenuated cells.  Phylogenetic analyses
suggested that META 1 has been horizontally
transferred from bacteria into Leishmania. Another
gene, DRG1 showed a converse association ectopic
expression of DRG1 improved survivability of
Leishmania, and suggested a linkage between
improved survival and loss of virulence.

Eukaryotic transcription mechanisms

Genes transcribed by RNA polymerase III (pol III) are
short, less than one nucleosomal DNA in length,
and characteristically contain intragenic promoters.
CCMB scientists found that two of these genes
are nucleosomal in vivo, and can remodel the
upstream chromatin by the deposition of a histone
variant H2A.Z. They found that several chromatin
modifying activities are associated with these genes.
These mechanisms may be responsible for
transcriptional activation by pol III.

Dynamics of nuclear proteins

The nuclear lamina is located at the nuclear periphery
and is a highly stable structure that contains lamin
proteins that are essentially immobile. However, there
is limited information on the dynamics of disease-
causing lamin A mutants that form large intranuclear
aggregates and cause aberrant nuclear morphology.
Scientists at the CCMB have used the techniques of
fluorescence recovery after photobleaching (FRAP)
and fluorescence loss in intensity after photobleaching
(FLIP) to study the dynamics of lamin A mutants.
Mutants that formed aggregates were 4-6-fold more
mobile than wild-type lamin A or mutants that
assembled at the nuclear periphery. The faster
dynamics of the aggregating mutants is likely to
disrupt essential lamina-protein interactions.

Molecular mechanism of pathogenesis of glaucoma

Mutations in the gene coding for optineurin are
associated with certain forms of glaucoma. Nuclear

factor κB (NF-κB) has also been linked with
glaucoma. Scientists at the CCMB have investigated
the molecular mechanisms which regulate
optineurin gene expression, and also studied
the relationship between optineurin and NF-κB.
Their results show that optineurin gene expression
in response to tumor necrosis factor a (TNFα) is
mediated by NF-κB. Overexpressed optineurin
inhibits TNFα-induced NF-κB activation.
Downregulation of optineurin by shRNA results in an
increase in TNFα-induced as well as basal NF-κB
activity. Thus, optineurin is a NF-κB inducible
inhibitor of NF-κB. This study shows that a
glaucoma-associated mutant of optineurin,
E50K, inhibits TNFα-induced NF-κB activation
significantly more than wild type optineurin; this might
have relevance to the etiopathogenesis of glaucoma.

Regulation of cellular actin cytoskeleton

Changes in cell morphology and maintenance of
tissue integrity are dependent on coordinated
actin remodelling. A large number of developmental
disorders and metastasis are due to defective
cytoskeletal dynamics. Attempts by scientists
at the CCMB to understand regulation of actin
dynamics have led to the identification of
exchange factor C3G as a novel substrate of c-Abl
tyrosine kinase, and an effector of c-Abl-induced
apoptosis. Using a cell culture model to study the
morphological changes that occur during neuronal
development, they demonstrated a novel function
for C3G in regulating survival and differentiation of
human neuroblastoma cells. Their results suggest
that C3G overexpression, through its ability to
induce terminal maturation, could help in reverting to
the neoplastic phenotype of human neuroblastomas.

Asexual seed formation in plants

In the area of plant molecular biology, CCMB scientists
have made a breakthrough in identification of genes
responsible for asexual seed formation or apomixis,
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which results in fixation of hybrid vigour over
successive generations.  The results of this study were
published in the prestigious journal, Nature. The
CCMB is now planning to take forward this research
with Australian collaborators by signing an agreement
through CSIR, New Delhi.

Plant-pathogen interactions

CCMB scientists have made significant advances in
understanding the interaction between the bacterial
pathogen, Xanthomonas oryzae pv. oryzae (Xoo) and
its host the rice plant. XadA, an outer membrane
protein of Xoo, exhibits high homology to adhesins of
animal pathogenic bacteria and plays an important
role in the early stages of infection during which Xoo
gains entry into the rice leaf through the hydathodes.
The scientists showed that expression of XadA
requires glutamate in the culture medium, and is
controlled at the post-transcriptional level. These
findings are of interest as hydathodal exudates of rice
are rich in glutamate and  Xoo may be using glutamate
as a cue during infection.

Understanding evolutionary developmental
biology across the species

Chromatin domain boundary elements subdivide
the genome into independent domains and play an
important role in packaging of the genome. CCMB
scientists developed a bioinformatics approach
to predict boundary elements in the genome of
Drosophila. They also took a functional approach
to analyze and test boundary elements using
differential expression of closely spaced genes.

Hedgehog signaling in Drosophila

Work carried out at the NCBS in the laboratory of
Satyajit Mayor suggests that the key signaling
molecule, Hedgehog, exhibits a hierarchical
organization from the nanoscale to the visible clusters
with distinct functions. CCMB generated transgenic
Drosophila and provided necessary in vivo assay

system to examine signaling abilities of different forms
of Hedgehog. The outcome of this collaboration has
recently been accepted for publication in the Cell, a
prestigious scientific journal.

Modelling spatiotemporal organization in
biological systems

CCMB scientists have developed an artificial
operon system in E. coli to test theoretically
predicted dynamic effects of a common design
(delayed repression) in transcriptional control.
They found that delayed repression induces
transient increase in gene expression before
the gain of stability is affected by the negative
feedback; and, it also induces heterogeneity in the
expression levels in cells in a population. This design,
therefore, seems to be suitable for conferring both
stability and variability in cells required for
adaptive response to an ever-changing environment.
Additionally, using multi-cell models, they showed
that even though an experimental system can be
described theoretically at different space–time
scales, the experimental quantities measured and
predictions useful for practical applications are
limited by the resolution of the measuring method
and experimental protocol. This coarseness or
granularity of the measurement schemes can lead to
incorrect and ambiguous inferences about system
behaviour, and can influence the predictive capability
of the experiments at other scales.

Actin cytoskeleton dependent dynamics of the
human serotonin1A receptor correlates with
receptor signaling

Analyzing the dynamics of membrane proteins
in the context of cellular signaling represents a
challenging problem in contemporary cell biology.
Scientists at the CCMB explored the role of the
actin cytoskeleton on the mobility of the serotonin1A

receptor and its implications in signaling. FRAP
analysis of the serotonin1A receptor showed that
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actin cytoskeleton destabilization induced by
cytochalasin D, or by elevation of cAMP levels
increases the mobile fraction of the receptor and
increases its signaling efficiency. These results
suggested that signaling by the serotonin

1A

receptor is correlated with receptor mobility. Thus the
actin cytoskeleton might play a regulatory role in
receptor signaling.

Studies on α-crystallins

αB-Crystallin is present in several tissues including brain,
heart, skeletal muscle, eye lens and retina, etc. Studies
from the CCMB and elsewhere have shown that in
addition to preventing protein aggregation,
αB-crystallin plays an important role in gene expression,
differentiation and apoptosis. Recently, the CCMB group

showed that α-crystallin also exhibits redox-silencing
by inhibiting Cu+2-mediated generation of reactive
oxygen species and, thereby, confers cyto-protection.
α-crystallin sequesters redox-active Cu+2 ion by binding
it the picomolar range. This study extends the role of α-
crystallins in Cu2+ homeostasis and protection against
neurodegenerative disease and cataract.

Solution structure determination of dsRNA
proteins involved in RNAi pathway
In C. elegans, RDE-4, a dsRNA-binding protein
(dsRBP) is required in the RNAi pathway. CCMB
scientists are involved in solving the solution structure
of RDE-4. NMR data for the backbone and side chain
chemical shift were acquired and work is in progress
to establish an atomic level model of interactions
between RDE-4, Dicer and dsRNA.

Genetic legacy of the Indian Muslim populations

CCMB scientists undertook a study to estimate
the contribution of West Asian and Arabian
admixture to the Indian Muslim populations.
The samples represented six communities from
different geographical regions. Most of these
populations were found to have received their major
genetic input from geographically close
non-Muslim populations. These findings support a
model in which the spread of Islam in India was
predominantly via cultural conversion associated
with minor but detectable levels of gene flow seen
from Iran and Central Asia.

Association of Androgen receptor gene with
criminal behavior

Androgens mediate their functions by interacting with
the androgen receptor (AR). The AR gene is highly
polymorphic among various populations and previous
studies have reported higher levels of testosterone
among rapists and a correlation of shorter CAG repeats
with criminality. To test for any correlation between CAG
repeat length and criminal behavior in Indian
populations, CCMB scientists analyzed the AR-CAG

repeat length in 645 men, including 241 convicted for
rape, 107 for murder, 26 for both murder and rape, and
271 control males. The men convicted for rape or murder
had significantly fewer CAG repeats compared to control
men. Those convicted for murder and rape had an even
shorter mean repeat length. These findings are
consistent with the model that CAG repeats in the AR
gene are associated with criminal behavior.

Artificial insemination in the Black Buck, an
endangered species

CCMB scientists at LaCONES are developing
assisted reproductive technologies to induce
pregnancy by artificial insemination in endangered
species. Three Black Buck females were inseminated
non-surgically and one female delivered a live fawn
after a 6 month pregnancy. This is the first successful
case of assisted reproduction in the Black Buck by
non-surgical intra-vaginal insemination.

Studies on mitochondrial disorders

Complete mtDNA sequence analysis of individuals with
neuromuscular disorders has revealed several novel
and disease associated mutations. Most of the novel
missense mutations were found to alter highly

Annual Report 2007-2008 7

RESEARCH RELEVANT TO SOCIETAL NEEDS



conserved amino acids and secondary structure of the
protein.  Scientists at the CCMB have observed highest
frequency of mutations in the ND5 gene and proposed
that the mt-ND5 is a mutational hotspot associated with
neuromuscular disorders in Indian populations.

Wildlife forensics

LaCONES provides wildlife forensic services
for the purpose of investigating wildlife related

crimes. A pair of ‘Universal Primers’ developed at the
CCMB is being used for PCR-based species
identification from large varieties of biological
specimens such as meat, cooked meat, skin, horn,
bones, tusk, hair, nails, snake poison, scales and
faeces, seized and forwarded by forest departments
and the judiciary. A total of 60 wildlife crime cases (103
samples) were analyzed during the year. Of these, 53
cases were successfully completed.

8

APPLICATION-ORIENTED RESEARCH

Development of disease resistant rice strain

The rice strain called RP BIO 226 (IET 19046), a
bacterial disease resistant derivative of Samba
Mahsuri developed using molecular marker-assisted
backcross breeding by the CCMB, in collaboration
with Directorate of Rice Research has been
recommended for release as a new variety by Indian
Council of Agricultural Research (ICAR), New Delhi.

Antifungal activity of human defensins

Peptides such as the defensins, are important
components of innate immunity in many species.
Scientists at the CCMB have undertaken a study
directed towards delineation of structure-activity
relationships in defensins and other membrane-active
peptides. They observed that peptides spanning the
carboxy-terminal region of human beta-defensins show
improved antifungal activity as compared to the parent
peptides. Unlike the parent defensins, this activity is
not lost in the presence of metabolic inhibitors and salt.
Hence these peptides could be attractive candidates
for development as therapeutic agents as well as to
understand their mechanism of action.

DNA Markers associated with disease and pest
resistance

Mulberry (Morus spp.) is the only host plant for the
domesticated silkworm (Bombyx mori L.) and its
productivity and quality play a vital role in sericulture
economics. CCMB scientists have undertaken

a multicentric project to carry out planta/molecular

screening of the elite mulberry germplasm available

in India to identify resistance to three biotic agents

(nematode, tukra and powdery mildew), and linkage

analysis for identification of resistance-specific

molecular tags usable in marker-assisted selection

(MAS)-based breeding. During the year, DNA

fingerprint ing-based characterization of the

germplasm was completed resulting in >25,000

scorable data points. Preliminary analysis of the

DNA polymorphism data shows considerable

variation in the test germplasm usable for mulberry

improvement.

Cerebral metabolism in neurodegenerative
disease by using NMR Spectroscopy

CCMB scientists are using NMR imaging and

spectroscopy to understand the molecular and

metabolic basis for neurodegenerative disorders.

They have found that in normal mice the level of

cerebral metabolites varies in different regions of brain.

The sensitivity of 13C detection is improved by indirect

observation of 1H attached with carbon-13. Using this

approach they have observed that 13C turnover rates

of amino acids in brain are different. Further analysis

of kinetic data indicates flow of 13C label from [1,6-
13C2]glucose into PyrC3/LacC3, followed by GluC4, AspC3,

GABA
C2

 and finally into Gln
C4

.



of Andaman and Nicobar and, therefore, evolved
differently and still live as hunter gatherers as they
did thousands of years ago. Resequencing of their
genome and comparison of their sequence with the
rest of the world will definitely throw valuable light in
our understanding of the human history. We will try to
undertake this project in the coming year. Based on
the success of these, we further propose to
resequence the individuals in a family with sex-
reversed phenotype (XY females). In my opinion, this
approach will give us more insight than just
sequencing a large number of individuals. This will
ultimately prove to be very informative and useful to
understand the molecular basis of diseases. Towards
this end, we have already procured two high
throughput sequencing machines; one is ‘SOLiD’,
manufactured by Applied BioSystems and the second
one is ‘454’ manufactured by Roche. These machines
have already been installed in the CCMB.

In order to better understand about the gene-
environment interaction, it may be a good idea to
sequence a pair of identical twins and study the
epigenetic modifications. Our ultimate objective is to
understand how this knowledge can be used for the
benefit of the common man.

I would also like to mention here that the CCMB
has always been concerned about society and
common man. Almost 75% of our people living in rural
India are underprivileged and genetic disorders
are rampant in them. In order to provide genetic
diagnostic services to them, prevent and control
the spread of genetic disorders in the population,
some of the CCMB scientists have taken an
initiative to set-up a non-profit-making organization
called the Genome Foundation under Section
25 of the Companies Act. We have set-up the first
Rural Diagnostic Centre of the Genome Foundation
in Village Kalwari, District Jaunpur, Uttar Pradesh.
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Biological research has entered into a very exciting
stage. Very often new breakthroughs are made and
new technologies are developed which change the
whole direction of research in this field. It is, therefore,
very difficult to predict our long-term future plan. It
will be dangerous even to attempt it. We already have
new generation high throughput DNA sequencing
technologies which are enabling us to resequence
the whole genome of a large number of individuals in
a very short time period. Efforts are being made to
resequencing of 1000 individuals belonging to
different nationalities and ethnicities in the world in
order to understand more about the data, which has
already been generated. On the other hand China
has committed to resequence the genome of 100
individuals of different ethnic groups in China. Several
groups have taken the challenges to develop newer
DNA sequencing technology which will allow
resequencing of the human genome within a week at
less than 10,000 US dollars. When such a technology
is developed, it would become possible to resequence
humans belonging to various nationalities and
ethnicities, which would allow us to understand better
about the human origin, evolution, history of migration
and molecular basis of diseases.

In this context, in CCMB we really wonder what we
could do, which will add to the existing knowledge? I
strongly believe that we could undertake complete
resequencing of the genome of one of the negrito
tribes of Andaman and Nicobar Islands – one
individual of the Onge or Jarwa tribe. This is
particularly important because our study, based on
complete mitochondrial DNA sequencing, Y
chromosome SNP analysis and nearly one million
autosomal SNP analysis of 25 divergent ethnic
populations of India, has reconfirmed that Onges are
the descendants of the first humans who have
migrated out of Africa and got trapped in the islands

FUTURE DIRECTIONS



The Council of Scientific & Industrial Research (CSIR)
and the Department of Science & Technology
(DST) have provided funds for this Centre to
undertake epidemiological studies in large number
of villages as an exploratory step. I am sure, based
on the success of this Centre, CSIR and DST will
be able to support such kind of activities of CCMB in
future as well.

CCMB has already initiated research activities on
epigenetic inheritance, gene-environment interaction,

plasma proteomics and infectious diseases. We have
also initiated work in the area of nanotechnology as
a coordinated network project in which 18 CSIR
laboratories are involved.

Some of the achievements of the CCMB in
various areas of research are already listed above
and I believe CCMB will reach greater heights in
its endeavour to stand out as a Centre of Excellence
in the horizon of national and international science in
the coming years.

——————— Lalji Singh
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The Centre for Cellular and Molecular Biology (CCMB) is one of the constituent national laboratories of the
Council of Scientific and Industrial Research (CSIR), New Delhi, the premier multi-disciplinary research
organisation in the country funded by the Government of India. It was set up formally on April 1, 1977.

The objectives of the Centre are:

a) To conduct research in frontier and
multidisciplinary areas of modern biology and to
seek potential applications of this work.

b) To carry out exploratory work in areas of biology
with a view to aid the development of biochemical
and bilogical technology in the country on a
sound basis.

c) To train people in the advanced areas of biology
to serve the needs of development in these areas,
with special provision for short-term training of
staff from other instituttions in techniques for
which adequate facilities may not exist elsewhere.

d) To provide centralized facilities in the country for
new and modern techniques in the
interdisciplinary areas of biology, and to ensure
that these facilities are so organized, maintained
and administered that they can be put to maximal
use by research workers from other laboratories
and institutions in the country.

e) To interact adequately with other institutions
doing basic or applied work in areas related to
the activities of the Centre.

f) To collect, collate and disseminate information
relevant to biological research.
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III.A

RESEARCH
Programmes



The major areas of research undertaken by Centre for
Cellular and Molecular Biology are:

� Biophysics and Biochemistry

� Cell Biology and Development

� Genetics and Evolution

� Molecular Biology

� Genomics and Proteomics

� Biotechnology and Biomedicine

� Infectious Diseases

The following pages document the scientific progress
made in the past year by individual Groups in their
respective areas of research.



1. Molecular Basis of Temperature-dependent Sex-determination in
Indian Mugger, the Crocodylus palustris

II. Work done during the year:

During the year we have been able to isolate the
complete homologue of the gene form Indian mugger
and have also analyzed its spatio-temporal expression.

Dmrt1 is a conserved gene suggested to be important
in the sex determination and early gonad differentiation
in vertebrates. Across the evolutionary strata, it is known
to play varying roles, i.e., from being a master regulator
of male sex in the teleost Medaka to an important sex
regulator on the Z-chromosome of chicken and in
embryonic testis differentiation in mammals. Recent
studies show transcriptional diversity for this important
gene during gonadal differentiation in a few vertebrate
species having genetic sex-determination (GSD). In
comparison, a few studies in trachemys and alligator
show upregulation of Dmrt1 during male
gonadogenesis, suggesting its possible role in male
sex-development but in general, these studies lack
organizational and functional details of the gene, which
are important to ascertain its functional role and
evolutionary significance in TSD. We have now isolated
the complete crocodile homologue of the Dmrt1 gene,
i.e., cpDmrt1, along with its eight novel expressed
isoforms from GAM tissues of developing crocodile
embryos. All eight isoforms are generated by alternative
splicing, exonization of intronic sequences and
alternative polyA sites from the same locus (Fig.1A).
The eight transcripts range from 494 to 2060 bp and
encode six predicted proteins having the characteristic
DM domain of Dmrt1. The major heterogeneity in the
isoforms and their predicted proteins is seen only in
their C-termini and 3′-UTRs, which do not match with
any other vertebrate sequences (Figure 1B).
Expression of cpDmrt1 was seen mainly in developing
GAM with significant upregulation only in male embryos
from the start of the temperature sensitive period. More
significantly, ~70% of this expression was contributed
by only one isoform (cpDmrt1e) that also has a unique

Ramesh K Aggarwal, Amit Anand, Minarba Ben, L Singh

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 35-36.

I. Background and work done earlier:

Indian mugger, Crocodylus palustris provides an ideal
system to understand the molecular basis of
temperature-dependent sex determination (TSD). We
are using this system to identify the putative molecular
factor(s) and/or temperature sensitive time-points
underlying TSD using exploratory global screens for
both mRNA and proteins, as well as following the
candidate gene approach. We have established a large-
insert genomic library and a number of stage-specific
cDNA libraries from the embryonic GAM (Genital ridge-
Associated gland-Mesonephros complex) tissues of
developing male and female crocodile embryos as
resources for functional genomic studies.

We identified a number of novel candidate genes
showing differential expression at male/female
promoting temperature (MPT/FPT) in the bipotential
gonads by DD-PCR (differential display PCR), SH
(subtractive hybridization) and SSH (suppressive
subtractive hybridization). These include regulatory
genes such as transcription factors, splice factors,
homeobox genes, genes involved in signal
transduction process during development, carrier
proteins, as well as ‘untranslated long RNA’ and
microRNAs, some of which have also been validated.
In addition, efforts are underway to isolate and
characterize the crocodile homologues of some
candidate sex-related genes such as Sox9,
aromatase, wt1, Dmrt1. Sf1, etc. Significantly, our
studies suggest that the ‘extensive splicing’ leading
to specific/unique sex-specific mRNA transcripts, is
the norm of the complex genetic interplay underlying
TSD. Dmrt1 is one such candidate gene, which was
indicated to generate a large number of expressed
isoforms in GAM tissue during the TSW in our
preliminary studies.

Ramesh K Aggarwal
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15 residue domain towards its C-terminus (Fig.2).
Further, our results suggest cpDmrt1 to be an important
candidate early gene for male development in TSD.
This premise gets support from the observations that:
1) some of the novel cpDmrt1 isoforms are expressed
at very high levels in GAM of male embryos from the
beginning of TSP (21st developmental stage) when the
gonadal primordia are bipotential; 2) many of the
isoforms (a1, b1, d and e) have unique regions that
appear to be possibly reptilian-specific as these are
not seen in the isoforms and/or genomic DNA of
human, Gallus and Xenopus; and, most notably, 3) the
isoform cpDmrt1e that encodes the longest putative
protein carries a unique 15 aa region having a novel
PDZ binding domain and a recognition site for PIKK

directed phosphorylation. This is also the earliest

expressing and most abundant isoform (many fold more

than the cpDmrt1a1/a2 that show best conservation

with isoforms seen in GSD species). Proteins

containing PDZ domains (most common domain for

protein-protein interaction) function as scaffolds for

formation and spatial distribution of large signaling

complexes and play an important role in cell polarity

and growth, while PIKK members coordinate the

cellular response to DNA damage. It is possible that

these novel features of the unique 15 amino acid region

of cpDmrt1e underlie the machinery that regulates its

dramatic early upregulation in response to temperature

to decide the sex of developing embryo.

Fig.1. A: Schematic representation of the cpDmrt1 genomic locus and the alternative splicing leading to eight isoforms. White
boxes represent three exons, whereas two intronic regions are shown as straight/’V’ lines. cpDmrt1b1, cpDmrt1b2 and cpDmrt1f
lack part of exon-1, while cpDmrt1e has additional 45 bp of exon-2 due to alternative 5′ splice sites. cpDmrt1d has a different 3′-
end and cpDmrt1a1/b1 have longer 3′-UTRs because of alternative 3′-splice sites. cpDmrt1c lacks exon-2 due to exon skipping.
cpDmrt1f  is the shortest and lacks part of exon-1, complete exon-2 and exon-3 but includes 38 bp region of intron-1 due to
alternate splice sites. All isoforms other than cpDmrt1a1/b1 have anterior alternative polyadenylation signals and shorter3′-UTRs.
(Figure is not drawn to scale).
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Fig.2: Real-Time quantitative RT-PCR based expression analysis of different cpDmrt1 isoforms in GAM tissues of male/female
embryos through TSP. Note: significantly higher expression in male GAM (M21-M25) through TSP compared to female GAM
(F21-F25); and cpDmrt1e as most highly expressed isoform followed by isoforms cpDmrt1a1/b1; and much lower expression of
other isoforms.

Fig.1B: Sequence alignment of predicted proteins of different cpDmrt1 isoforms expressed in GAM during TSP. All isoforms share
the DM and first serine-rich domains, but differ significantly along their C-termini. White boxes represent the unique regions in the
predicted proteins. Short vertical bars indicate the point of change in reading frames due to alternate splicing.
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2. DNA Markers Associated with Disease and Pest Resistance in
Mulberry (Morus spp.)

II. Work done during the year:

During the year, two rounds of systemic in planta
screening of genotypes for disease resistance in the
field condition, and also one round in the controlled
greenhouse environment were completed at the three
centers (CSTRI, Berhampore, CSRTI, Mysore,
KSSRDI, Thalaghattapura). The extensive data thus
obtained revealed considerable variability in the tested
germplasm for resistance to the three biotic agents.
The passport data as well as photodocumentation of
the 144 genoytypes have been completed by the
CSGRC, Hosur. At the CCMB, DNA fingerprinting-
based characterization of the germplasm has
been completed with a large number of RAPD
primers and >75 microsatellite makers, resulting in
>25,000 scorable data points. Preliminary analysis
of the data shows considerable variation in the test
germplasm, but overall a relatively narrow genetic
base for the whole set that comprises accessions
belonging to multiple Morus species. The large body
of DNA polymorphism data (especially the microsat
data) that has become available in the study at the
CCMB will be used to generate genotype-specific
unique molecular IDs for all the 144 genotypes, and
also for the selection of genetically more diverse/
suitable genotypes for use as parental materials in
breeding programs.

In addition, core sets of 26-32 genotypes (comprising
almost equal number of resistant, susceptible
genotypes) that have been selected based on their
contrasting planta response to three diseases were
typed at the CCMB with a large number of RAPD
primers to search for putative linked markers.
Importantly, the analysis has revealed many potential
candidate markers indicative of the disease response.
Significantly, a marker has been identified that appears

Ramesh K Aggarwal, A V Rao, Jagat Janani, Jamila,
Paridhi (in collaboration with Central Sericulture Research
and Training Institute (CSRTI), Mysore, CSRTI,
Berhampore, Central Sericulture Germplasm Resource
Center, Hosur, and Karnataka State Sericulture Research
and Development Institute, Thalaghattapura, Banglore

A continuing DBT-supported programme; Ref: CCMB
Annual Report for 2006-07, Page, 36.

I. Background and work done earlier:

Mulberry (Morus spp.) is the only host plant for the
domesticated silkworm (Bombyx mori L.) and its
productivity and quality play a vital role in sericulture
economics. Mulberry productivity is seriously
compromised by many biotic and abiotic stresses
warranting urgent attention for genetic improvement,
especially for building resistance in the cultivated
germplasm to a number of biotic agents for which no
effective control measure are yet available. The main
aims of this multicentric project are to: undertake
planta/molecular screening of the elite mulberry
germplasm available in India to identify desirable
resistance sources for the three biotic agents
(viz., nematode, tukra and powdery mildew), and carry
out linkage analysis for identification of resistance-
specific molecular tags usable in marker assisted
selection (MAS) based breeding.

A core germplasm set comprising 144 elite mulberry
genotypes was selected from among the >2000
genotypes available in the country. Clonal sets of the
selected germplasm were made available to each of
the participating institutes for the purpose of genetic
diversity analysis as well as planta response to the 3
biotic agents. At the CCMB, the mulberry garden was
established at the Annex-2 site and leaf samples from
each of the genotypes were used to isolate high
molecular weight genomic DNA for fingerprinting
using RAPDs and microsat markers.
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Fig.1:  RAPD profiles of sets of selected mulberry genotypes (having contrasting response to Powdery Mildew and Tukra). Lane
numbers in blue and red color represent ‘resistant’ and ‘susceptible’ genotypes, respectively. Note that the marker in red box
appears mainly in susceptible genotypes in case of Powdery Mildew (upper panel) but in resistant genotypes in case of Tukra
(lower panel).

L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 L

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

R-CCMB GO4_1000 (10/14R,0/15S)

S-CCMB GO4_900 (2/14R, 14/15S)

R-CCMB GO4_900 (11/15R, 6/16S)

to be associated with opposite disease response
for Tukra and Powdery Mildew (Fig.1). The
observation suggests the possibility of some
common gene(s) central to resistance mechanism
of mulberry to pest/pathogen infestation. Presently,
work is underway to convert the identified

putatively linked RAPD markers to more efficient
SCAR markers by cloning/sequencing. It is
expected that some of these would lead to the
development of disease-specific molecular tags
for possible future use in MAS-based resistance
breeding.
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1. Mechanism of Transgene Silencing and Nuclear RNAi
S N C V L Pushpavalli, M Janaki Ramaiah, Utpal Bhadra
(in collaboration with Manika Pal-Bhadra, IICT, Hyderabad
and Giacomo Cavalli, CNRS, Montpelier, France)

A continuing programme; Ref: CCMB Annual Report for
2006-07,  pages, 43-44.

I. Background and importance:

Gene silencing by RNA interference (RNAi) can be
transcriptional or post-transcriptional. We have earlier
shown a link between these two mechanisms in
Drosophila melanogaster. Post-transcriptional gene
silencing (PTGS) follows the molecular hallmarks
typical of nuclear, including the production of small
interfering 23-28 nt double stranded RNA which act
as homology guides for sequence-specific mRNA
degradation. Mutations that disrupt PTGS and RNAi
are designated as RNAi mutations. Several RNAi
mutations [(piwi, ago-1 Dcr-2 and homeless (spindle
E)] were shown to affect both transcriptional and post-
transcriptional transgene silencing. They all play an
important role in chromatin organization and histone
modification. We have also characterized a new
candidate RNAi factor, Gas-41, which interconnects
intra- and extra-nuclear RNAi complex in Drosophila.

II. Work done during the year:

We isolated and characterized a set of RNAi factors
using a genome wide deficiency screening of
Drosophila. So far 73 new candidate genes have been
identified. Of them, 23 are homologues of C. elegans

RNAi modifiers. Loss of function mutations of several
candidate genes inhibits both TGS and PTGS. These
findings suggest a role of known RNAi factors in histone
tail methylation related to transgene silencing. Three
Argonaute family members were examined for effects
on localized chromatin modulation at the site of
transgene insertion. Histone H3 lysine methylation and
binding of Polycomb proteins remodel chromatin,
required to effect for transgene cosuppression.
Although RNAi has been implicated in reducing histone
H3 methyl Lysine 9 (H3K9), a connection between
Polycomb repression and RNAi has not been
established.  Recently a functional interaction between
pc and piwi was suggested by biochemical studies in
our lab (Fig.1) We found that the piwi, Argonaute-1 and
aubergene mutation disrupt or reduce H3K9 and
Polycomb protein localization at the white promoter Adh
reporter transgene sites. Demethylation of H3K9 at the
white (w) promoter prevents silencing of the w-Adh and
mini-w transgenes that lack conventional
PRE. Adding PRE to mini-w did not improve silencing
but retained Polycomb recruitment. Therefore, the RNAi
system plays a central role in methylation dependent
Polycomb binding of non PRE transgenes, most likely
establishing epigenetic marks for DNA binding of
Polycomb proteins and/or by stabilizing Polycomb-
histone tail interaction to ensure locus-specific
assembly of the transcriptional repression complex.

Fig.1: a. Co-immunoprecipitation of Myc-PIWi protein with Polycomb. Immunoprecipitation was carried out separately
with c-Myc or Pc antibodies and analysed by protein blotting with the indicated antibodies. b. Immuno-depletion assay showing
that PIWI was in complex with HP1. IP indicates antiserum and PI-preimmune serum used in the assays EmL represents embryonic
Iysate.

Utpal Bhadra
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2. Gene Silencing in Heterochromatin Formation and Chromatin
Dynamics

II. Work done during the year:
Piwi (P-element induced wimpy testis) encodes a
nuclear protein of the Argonaute family that is required
for alteration of chromatin structure and gene
expression. Piwi interacts with HP1 for effective
heterochromatin silencing, but since telomere-
associated piRNA has a role in transcriptional
activation, piwi appears to have both silencing and
activating functions. Using mini-w array as a model,
we demonstrated a H3K9 independent pathway of
heterochromatin silencing in which PIWI directly
associates with a novel species of small RNA derived
from mini-w promoter repeats. The piwi-associated
promoter RNA forms a previously unknown RNA/DNA
duplex that serves as a chromosomal docking site of
PIWI protein and its associated proteins in
heterochromatin and euchromatin domains. It
functions in RNA guiding, localized stability, and
recruitment of proteins to the mini-w arrays and other
euchromatic sites. PIWI is involved directly in targeting
HP1 recruitment for epigenetic repression (Figure 2).
These observations showed PIWI has dual functions
both as a transcriptional regulatory switch for
epigenetic repression and for gene activation by
interacting with different small RNA species in distinct
RNA/DNA complexes. We are performing chip on chip
assay to understand the interaction of piwi and Hp1
and their consequences on the genome-wide
chromatin organization.

M Janaki Ramaiah, Madugula Lavanya, Utpal Bhadra

(In Collaboration with Axel Imhof, Univ. of Munich, Germany

and Manika Pal-Bhadra, IICT)

A continuing programme; Ref: CCMB Annual Report for

2006-07,  page, 44.

I. Background and importance:

Chromosomes contain two distinct domains,
euchromatin and hetertochromatin. The assembly
of heterochromatin at the centromere determines
kinetochore formation and sister chromatid
cohesion. In fission yeast, RNAi mutations
cause a rapid loss of histone H3 Lys 9 (H3K9)
methylation and centromere function. We showed
that in Drosophila RNAi mutations cause a loss
of heterochromatin silencing and also reduce
H3K9 methylation and dislodge the binding of
heterochromatin-associated proteins. We found
that the ago-1 mutation caused loss of
heterochromatin silencing due to the blocking of
methylation at the histone H3 tails and
mis-localization of HP1 and HP2 proteins.
Genetic screening has identified several
chromosomal segments in Drosophila that
appear to carry new RNAi candidate genes.
We have characterized two candidates, CG9247
and DmP68 that are also involved in repeat
associated silencing and heterochromatin formation.

Fig.2 : PIWI/HP1 interaction is RNA in dependent but a RNA-DNA hybrid is prerequisite for PIWI binding to chromosome. a. Myc-
PIWI immunoaffinity purifications performed in the absence of RNase A. Western blots using c-Myc and HP1 antibodies were
shown. b. An overlapping binding of PIWI and HP1 proteins at the 50C region was shown. PIWI and HP1 overlap strongly in
tandem mini-w array (DX1) relative to single mini-w copy (Data not shown) at the same site.
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3. A Molecular Link between Non-coding RNA, Dosage Compensation
and RNAi

gene and GFP proteins by introducing vector-based
small-hairpin RNA and microRNA. The results showed
that RNAi is more sensitive in Drosophila females than
males, which suggests a dimorphism of RNA silencing
in the two sexes.

In mammals, painting of non-coding Xist RNA on one
of the female X chromosomes initiates X-inactivation
(Xi) and its antisense partner, Tsix, opposes
silencing of the active X (Xa). But several features
of this developmental process vary among human
and murines. We demonstrated that repeat C region
of Xist exon1 of human Xa process a novel species
of small RNA, predominantly 21-23 nt RNA, that
are distinct from those in mouse. They are
accumulated mainly in the nucleus in a
dicer-dependent manner, but are independent
of transcription by RNA polymerase-II. Inhibition of
dicer1 blocks small RNA production and disrupts
dosage compensation by up-regulating X-linked
genes including Xist. Repression of Dicer does not
affect delocalization of Xist binding and H3K27
hypermethylation, and globally increases H3K4 di+tri
methylation on the Xi. Such changes were partially
rescued by the over expression of the small RNA
(Fig.3). Therefore, small RNA and dicer1 function after
Xist and H3K27 bind to Xi to maintain the balance of
X-linked gene dosage by modulating Xi chromatin.

Utpal Bhadra, Satyakeerthi Kota, Deepak Kale.

A continuing programme; Ref: CCMB Annual Report for
2006-07,  pages, 45-46.

I. Background, importance:

In many diploid species, females have two identical
sex chromosomes but males have only one. Regulatory
mechanisms have evolved to compensate for this
difference in sex chromosome doses between the
sexes. The regulatory mechanism based on chromatin
remodeling and involves multimeric protein complexes
and different epigenetic marks. Dosage compensation
employs different chromatin modification mechanism
to regulate the transcription of entire X-linked genes in
a specific manner of a particular sex. The role of non-
coding RNA has been established both in Drosophila
and mammalian dosage compensation.

II. Work done during this year:

During the year, we explored the role RNAi factors
that could act on non-coding RNA and dosage
compensation. In the process of isolating and
characterizing genome wide RNAi factors, we
identified several components that eliminate gene
silencing only in one sex. These results suggested
that the RNAi-based process might be sexually
dimorphic. To examine this possibility we estimated
and compared the effects of RNAi of white-eye colour

Fig.3: Schematic diagram showing repeats of Xist locus. b. Northern Gel showing a novel species of small Xist RNA from the
repeat D region of the active X chromosome in human cells. c. Introduction of anti-sxiRNA overexpresses sXiRNA.
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4. RNA-based Epigenetic Inheritance

Utpal Bhadra, M Janaki Ramaiah, S S Sumia. Pranjal
Sharma (in collaboration with Manika Pal-Bhadra, IICT,
Hyderabad)

A continuing programme; Ref: CCMB Annual Report for
2006-07,  pages, 46-47

I. Background and importance:

Para-mutation is a heritable epigenetic modification
induced in plants by cross-talk between alleles.
Recently, a similar modification was found in the
mouse Kit gene in the progeny of heterozygotes for
the Kit null mutation. In spite of being Kit+/Kit+ in
genotype, the offspring maintain to a variable extent,
the white spots that are characteristic of Kit mutant
animals. The modified phenotype is associated with
the accumulation of non–polyadenylated RNA
molecules of abnormal sizes. This result demonstrated
an unexpected mode of epigenetic inheritance
associated with the zygotic transfer of RNA molecules.

II. Work done during the year:

We have previously found that two copies of the

white promoter-Adh (w-Adh) reporter gene is sufficient

to repress the expression of reciprocal transgene

Adh-w, close to the white minus level. Based on the

mouse kit results, we did studies that showed that

repression of the Adh-w transgene induced by

w-Adh also was inherited in successive generations

even in the absence of the w-Adh transgenes.

Similar to the earlier findings, our results identify an

unexpected mode of inheritance of the transgene

silencing particularly via specialized RNA molecules.

The quantitative level of white transcripts using real

time RT-PCR also follows a similar trend. Currently,

we are in the process of determining the mode of

inheritance of transgene silencing in animals.

5. Viral Resistance and RNAi

Praveen Singh Hazeri, Utpal Bhadra

A continuing programme; Ref: CCMB Annual Report for
2006-07,  pages, 46-47.

I. Background and importance:

RNA silencing serves as an adaptive antiviral defense
system, which is transmitted systematically in
response to localized virus challenge. Our goal is to
determine the genes, which contribute to prevent viral
infection. The molecular characterization of such
genes may help devise anti-viral drugs. To target a
model viral genome, we developed a baculovirus gene
chip using 158 ORFs from the baculovirus genome.
We had also developed an RNAi-based screening of
baculovirus genome. The new siRNA delivery vectors,
which we generated successfully, reduce the
baculovirus infection in sf9 cell culture.

II. Work done during the year:

It is now established that Dicer-2 is able to initiate the
small RNA guided RNA interference antiviral immunity

in Drosophila against the Flock House Virus (FHV).

This immunity system is capable of rapid virus

clearance in the absence of FHV-B2 proteins, which

acts as a broad spectrum RNAi inhibitor. During the

year, we found evidence that three different types of

RNA viruses (FHV, Drosophila C Virus and Cricket

Paralysis Virus) also significantly influence host

chromatin organization during active infection.

Recently, we found that FHV-B2 proteins enter in the

nucleus for making such changes in chromatin

organization associated with repeat induced silencing.

During development of genome wide RNAi screening

of baculovirus genome, we synthesized 158 double

stranded RNAs from each open reading frame from

the amplified PCR products. We also characterized

RNA binding genes BRO whose function is still

unknown. Sequence similarities with FHV B2 proteins

revealed that BRO might be a potential broad-based

RNAi inhibitor.
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6. Hybrid Interference: An Epigenetic Switch

Utpal Bhadra, S N C V L Pushpavalli, Deepak Kale

A continuing programme; Ref: CCMB Annual Report for
2006-07,  pages, 47-48.

I. Background and importance:

The double stranded RNA (dsRNA) dependent DNA
methylation is a novel device for plant transcriptional
gene silencing (TGS). However, siRNA-induced
chromatin changes are independent of DNA
methylation in mammals.

II. Work done during the year:

We demonstrated that introduction of small double
stranded RNAs complementary to Drosophila white
eye color gene promoter markedly reduces its
expression in developing embryos. The reduction is
stronger in the presence of large dsRNA and

Fig.4: a. Diagram of white gene showing the position of complementary short and long dsRNA induced. b. white transcript level is
strongly reduced by the injection of promoter specific dsRNA. c. Injection of dsRNA recruits Polycomb and PIWI protein at the
endogenous white in sertion sites.

combination of siRNAs complementary to white eye
enhancer element. The siRNA induces transcriptional
repression. Reduction of white mRNA compromises
the overlapping binding of Polycomb and Piwi
proteins on the white locus in the early embryos.
These findings suggest that two proteins required
for transgene cosuppression and nuclear RNAi
are involved in establishing TGS in embryos.
Biochemical studies revealed that two proteins
Polycomb and Piwi functionally interact to enrich
histone H3 K27 and H3 K9 methylation on the white
promoter (Fig.4). The chromatin modulation occurs
effectively at DNA methylation free stages. Therefore,
we could establish that small RNA-induced
transcriptional changes in flies occur via histone tail
methylation.
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7. microRNA: Riboregulators of Genes and Human Disease

Sripathi V. Rao, Santosh P Shinde, Utpal Bhadra

A new programme

I. Background and importance:

Tiny 21-23 nt microRNAs have emerged as important
regulators of genes involved in developmental timing,
neuronal cell fate, apoptosis, proliferation, adipocyte
differentiation and hematopoisis. miRNAs have also
been associated with cancer and neurological
disorders, indicating a fundamental role of those small
molecules in diverse biological processes. Considering
this, we explored the role of microRNA in humans and
identified their target associated with disease genes.

II. Work done during the year:

In this year, we designed and identified a genome wide
interaction between microRNA and target genes using
miRanda (Version1.0). In the integrated Type II diabetes
pathway, thirty genes are presumed to be involved in
complex metabolic pathways. miRanda predicted many

new miRNA target sites including several hotspots on
the mRNAs of diabetes genes. Based on stringent
parameters (threshold score >150.00 and energy <-
25.00) and miRNA properties, multiplicity and co-
operativity, ten potent miRNAs including few target
clusters were identified. An alignment of miRNAs by
clust W prediction tool, further identified three G
residues conserved at the 10th, 11th and 23rd position
of a majority of the diabetes microRNAs.

MicroRNA and T2DM target gene interaction map
demonstrates the complexity of RNA-based regulation
of diabetes. Clustering of specific miRNAs on target
genes predict their precise specificity and regulatory
role in T2DM. Conservation of G residues in targeting
microRNA functions as a novel signature to identify
new microRNAs in T2DM. This previously unknown
interaction map and signature of microRNA provides
tools to design new diabetic markers and novel RNA-
based therapeutics.

Fig.5: Complex genome-wide microRNA and target gene interaction network for Type II diabetes
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1. Role of Nucleosomes and Chromatin Structure in Transcription

Sahasranshu Mahapatra, A G Aneesh Kumar, V Vinesh,
Manoj Saxena, Yatendra Kumar, Pooran Singh Dewari,
Anubhav Bharadwaj, Purnima Bhargava

A continuing programme; Ref: CCMB Annual Report
2006-07, Pages, 48-49.

I. Background, importance and work done
earlier:

Transcription in eukaryotic cells takes place in a
chromatin background, which is generally repressive
for transcription.  However, the transcription machinery
in eukaryotes has additional features to tackle the
chromatin form of the template. Histone modifications
and ATP-dependent chromatin remodeling are two
of such regulatory processes. Chromatin remodeling
often results in altered positions of the nucleosomes
on the genes. Genes may have positioned
nucleosomes that influence their transcriptional
activity. Our in vitro studies on chromatin transcription
of the genes transcribed by the yeast RNA polymerase
III (pol III) have shown that activation of SNR6, a class
III gene requires ATP-dependent chromatin
remodeling, whereas transcription of SUP4 tDNA, a
class II gene, has multiple components. Earlier studies
in our laboratory had shown that even for the genes
transcribed by pol III, which characteristically have
an intragenic promoter, the chromatin structure in the
upstream region plays a decisive role. Chromatin
structure analysis established the presence of several
positioned nucleosomes on SNR6 gene region in vivo,
one of which changes its position under the condition
of transcription  repression.  During this year, we have
further explored the in vivo mechanisms of activation
of SNR6 as well as SUP4.

II. Work done during the year:

1. Transcriptional activation of SNR6 chromatin

The chromatin structure of the SNR6 gene shows a
nucleosome is positioned between the binding sites
of the TFIIIC, the boxes A and B, while the TATA box
region to the A box remains non-nucleosomal. In
contrast to the active transcription conditions,

occupancy of the core histone H2B on the TATA box
increases under repression, suggesting that the
nucleosome upstream of TATA box slides down to the
TATA box region under repressed conditions, which
probably destabilizes the transcription complex and
thus helps in repression. Sliding of nucleosomes in
vivo is generally a result of an ATP-dependent
chromatin remodeling. We found that the chromatin
remodeler RSC, which locates to the gene, is
responsible for this sliding and consequent
remodeling. ChIP analysis with FLAG-tagged histones
H2A and H2B confirmed this “nucleosome sliding”
under repression and revealed  that both H2A and
H2B behave in an opposite manner. Since this may
be due to the replacement of H2A by a variant, we
checked for the presence of the histone variant H2A.Z
in the upstream nucleosome. We found that under
active conditions, the upstream nucleosome contains
H2A.Z, and it is lost under repression. The H2A.Z-
specific SWR1 chromatin remodeling complex
localizes to the upstream region and may be
responsible for the deposition of H2A.Z in the
upstream nucleosome.  Most interestingly, H2A.Z
does not alter the chromatin structure or expression
of the gene though it is probably required to keep the
U6 RNA levels under check.

2. Transcription of tDNA chromatin by RNA
polymerase III

Chromatin transcription of SUP4 tDNA in vitro requires
Nhp6, the HMG box containing non-histone protein
of yeast, in addition to ATP-dependent chromatin
remodeling and histone acetylation. Nhp6 is also a
component of the yeast FACT complex known to be
required for transcription by pol II on chromatin
templates. Spt16 and Pob3 are the other two
components of the FACT complex. The work done
during this year has shown that Spt16 along with Nhp6
has a specific role in SUP4 transcription as Spt16 is
targeted to the gene along with Nhp6 and Pob3.
Chromatin structure of SUP4 in vivo shows a

Purnima Bhargava
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nucleosome-free region encompassing the gene
adjacent to one nucleosome on its 5 ′ side.
ChIP experiments with the SUP4 locus
showed the presence of H2A.Z, a variant of H2A in
this upstream nucleosome.  The in vivo RNA
analysis in H2A.Z delta strain shows a much
higher level of SUP4 transcription, suggesting
that H2A.Z acts as a repressor for SUP4
transcription.  Spt16 is also known to act as a
chaperone for the H2A-H2B dimer. Interestingly,
in the absence of functional Spt16, the
relative enrichment of H2A.Z in the upstream
nucleosome is drastically reduced, suggesting
a chaperoning role of Spt16 for the H2A.Z-H2B
dimer as well. These results suggest a role
for the yeast FACT complex in transcription

related exchange of H2A-H2B dimer with
H2A.Z-H2B dimer at the SUP4 tDNA locus.

3. Nucleosome positioning in the absence of a
DNA-binding protein

Our in vitro studies with the yeast U6 snRNA gene
have shown a sequence-directed positioned
nucleosome on the gene in different flanking
sequence contexts. Further dissection of the gene
sequence shows that the gene confers a unique
rotational setting to this nucleosome. In the presence
of the flanking sequences in vivo, the chromatin
structure of the whole  region can be organized into
an array of rotationally positioned nucleosomes, which
acquire translational positioning upon binding of
transcription factor IIIC.
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1. Molecular Analysis of Complex Human Genetic Disorders

G R Chandak, Swapna Mahurkar, Shalini Mani, Seema Bhaskar, K Radha Mani, Charles J Spurgeon, Swami Prakash, D
Pavithra, Sumit Paliwal, M V Kranthi Kumar, T Gayathri, P Smitha, E Vikasini, D Nageshwar Reddy#, G V Rao#,
P Narasimha Rao$, C S Yajnik*, # Asian Institute of Gastroenterology, Hyderabad, $ Niloufer Hospitals for Children, Hyderabad,
* KEM Hospital and Research Centre, Pune.

A. Genetic Analysis of Type 2 Diabetes mellitus in Indian Population
A continuing programme; Ref: the CCMB Annual Report
for 2006-2007, Pages, 50-54

I. Background, importance and work done
earlier:

The prevalence of type II Diabetis (T2D) is increasing
very rapidly. Indians may be more susceptible to
develop diabetes due to their Thin-Fat Phenotype
[low body mass index (BMI) but higher body fat
percent] that predicts higher insulin resistance
compared to Europeans. Our study investigates the
role of genetic factors in susceptibility to T2D and the
way they interact with various environmental factors
including the micronutrients. We have earlier
investigated several candidate genes and established
that the strongest risk variant in TCF7L2 found for
T2D to date in Europeans is a risk allele of similar
effect size in Indians and influences both insulin
resistance and insulin secretion. Thus, TCF7L2
variants are important susceptibility markers for risk
of T2D transgressing boundaries of ethnicities.

II. Work done during the year:

In the case-control study, 1834 T2D patients of Indo-
European ethnicity, diagnosed before 45 years of age
were included. They were diagnosed and classified
according to WHO 1999 criteria, based on response
to oral hypoglycemic treatment and perceived lack of
insulin dependence and after excluding type 1 diabetes
or other rare forms of diabetes. The control subjects
were 1688 ethnically matched non-diabetic subjects
based on 75g oral glucose tolerance test. Recently,
common variations in the FTO (fat mass and obesity
associated) gene were found to be strongly associated
with BMI, obesity and T2D diabetes in a series of
studies of white European adults and children; the
association with T2D was entirely explained by the

association with BMI. Since, Indians develop diabetes
at a lower BMI compared to the white Europeans, and
at each BMI Indians have a higher prevalence of
diabetes, we queried whether FTO variants predict
susceptibility in Indians. We genotyped two SNPs
rs9939609 and rs7191344, in the FTO gene in the
above cohort and a further 961 population based
individuals of Dravidian ethnicity. We used logistic
regression to investigate the association between T2D
and FTO genotype in Indo-European patients and non-
diabetic controls, while linear regression was used to
analyze the association between FTO genotype and
BMI or other anthropometric measures. The minor allele
A at rs9939609 in the FTO gene had a frequency of
0.30 in controls and genotypes were in Hardy Weinberg
equilibrium (HWE). The A allele was strongly
associated with T2D (OR per allele =1.26 [95% CI,
1.13-1.40], P=3x10-5), but not with BMI either in
patients or in controls and not with other anthropometric
parameters. The association of FTO genotype with T2D
remained significant after adjusting for BMI [OR per
allele for T2D=1.21 (95% CI, 1.06-1.37); P=4x10-3], for
waist circumference [OR per allele =1.20, 95% CI, 1.04-
1.37; P=0.01)], for hip circumference [OR per allele
=1.24, 95% CI, 1.10-1.40; P= 6x10-4] or for WHR (OR
per allele =1.22, 95% CI, 1.08-1.39; P=2x10-3]. This
suggests that the increased risk of developing T2D in
those with FTO variants is not entirely mediated through
its effect on BMI or central obesity in our subjects.
Analysis of non-diabetic Dravidian controls showed
similar association with BMI and other anthropometric
parameters. Another SNP,  rs7191344 {highly
correlated with rs9939609 (r2=1.0) in the Europeans,
and in our study (r2=0.99)} was also in HWE and
showed similar association with T2D [OR=1.31, (1.12-
1.54), P=8.2x104] but was not associated with BMI or
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other anthropometric parameters. The FTO genotype
at rs9939609 was not associated with traits associated
with obesity including glycemia, insulin concentrations,
insulin resistance or lipids in Indo-Europeans but was
associated with fasting plasma insulin levels in
Dravidians. The case control cohort had >92% power
to detect the association between FTO genotype and
T2D observed in the European populations (OR = 1.27;
log-additive model) at α = 0.01, given the minor allele
frequency in Indians (0.30).

Our results demonstrate that in Indians, variants in
FTO gene predispose to T2D, but unlike in Europeans,
do not appear to do this by influencing BMI and
adiposity. This suggests that there could be a
fundamental difference in the way FTO gene
increases susceptibility to T2D in Indians and in
Europeans and fits well with the established fact that
Indians and Europeans differ greatly in the relationship
between BMI and central obesity, adiposity and
risk of T2D.

B. Genetic Basis of Mitochondrial Encephalomyopathies using Leigh
Syndrome as a Model

I. Background, importance and work done
earlier:

Leigh syndrome (LS) is a progressive neurometabolic
disease with characteristic pathological features
usually presenting in infancy or early childhood. We
studied clinical features, biochemical parameters,
imageological findings and therapeutic response in
one of the largest prospective cohorts of 165 LS
patients. The patients were diagnosed based on
characteristic symmetric basal ganglia lesions on
brain imaging. All patients were exclusively infants in
contrast to the usually much later age of presentation.
Similarly, compared to sub-acute or chronic
presentation, majority of the patients presented with
acute life threatening manifestations such as
respiratory distress. Most of them had low erythrocyte
transketolase levels and they responded to large
doses of intravenous thiamine within 12-24 hours. A
good clinical response to thiamine in all the patients
suggested deficient pyruvate dehydrogenase complex
(PDHC) activity in them. Despite being thiamine
responsive, sequence analysis of the complete coding
region of PDHE1α gene in 81 probands showed no
mutation. However many patients had several
mutations in ND5 and ATPase6 gene, which are
mitochondrial genes and known to be commonly
associated with LS. But mutations in only these two
genes were not enough to explain the genetic basis
of all 165 patients. Hence, the complete mitochondrial
genome and nuclear genes encoding components of
respiratory complexes and regulatory subunits for their

assembly were screened in the patients and 94
normal infants and the role of different variants in
several candidate genes was investigated.

II. Work done during the year:

On complete mitochondrial genome analysis, we
found several novel and reported mutations in
candidate genes such as ND3, ND4, ND5, ATPase6,
which have already been shown to be associated with
several other mitochondrial disorders. Mitochondrial
disorders are known for their genetic heterogeneity
and hence they may be of importance in the
pathogenesis of LS. We also performed in silico
analysis to understand the possible effect of all the
non-synonymous changes on respective protein
structure and function. With these analyses, many
novel mutations were predicted to affect either a highly
conserved residue in the protein or the secondary
structure of respective mitochondrial proteins, of which
seven novel nucleotide substitutions were selected
for functional evaluation. The effects of mitochondrial
mutations were analyzed by fusing mitochondria free
cells (ρ0 cell line) with platelets from patients’ blood
and generating cybrids. Staining of the cybrids with
JC-1 showed a decrease in mitochondrial membrane
potential and the decrease was variable in all the
cybrids. By enzyme kinetics for estimation of
respiratory complex activity, we observed that G6036A
(G45S) mutation in COX I gene affects cytochrome c
oxidase activity (complex IV) and reduces it by about
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60%. G6036A mutation in COX I gene was further
predicted to affect the stereo chemical property of the
COX I protein COX I is an important mitochondrial
subunit of complex IV that makes the catalytic core in
the complex along with COX II and COXII, and plays
a crucial role in determination of complex IV activity.

Several nuclear genes such as SURF-1 are also
known to be associated with LS. The SURF-1 protein
after its synthesis, locates to the mitochondria with
the help of its signal sequence and aids in the
assembly of mature complex IV. We observed 11
mutations, of which 3 novel mutations [IVS1(+10),
N249D and P298L] were predicted to affect the protein
structure. N249D and P298L mutations are close to
the SURF-1 C terminal domain, which is important
for its proper orientation. We analyzed their effect on
SURF-1 function by transfecting the wild and mutant
SURF-1 cDNA constructs in COS-7 cells followed by
preparation of stable clones. Confocal analysis
revealed that these changes did not affect the
localization of SURF-1 to the mitochondria. Blue native
PAGE with in-gel activity estimation showed that while

N249D did not have any influence, P298L mutation
decreased the activity of complex IV by nearly 50%.
This validated the software prediction that this change
may affect secondary structure of the SURF-1 protein
and indirectly affect the C terminal domain.

Thus, our results showed that defect in complex IV
due to mutations in genes encoding the mitochondrial
and nuclear subunits may be one of the major causes
for the observed atypical phenotype of LS. Thiamine
deficiency may also lead to deficient complex IV
activity due to secondary defect in mitochondrial
energy production, since thiamine pyrophosphate,
the active form of thiamine, acts as cofactor for several
enzymes such as PDHC, alpha-ketoglutarate
dehydrogenase and branched-chain keto-acid
dehydrogenase that influence generation of reducing
equivalents. It appears that defect in complex IV and
thiamine deficiency in a combined action may add to
the severity of the phenotype. Further studies on the
thiamine levels in the general population may help
understand its role in this atypical phenotype of LS.

C. Molecular Diagnosis, Carrier Detection, Genetic Counseling and
Prenatal Diagnosis for Genetic Disorders

During this year, genetic analysis has been performed
for 549 families comprising of 585 samples. At the
same time, prenatal diagnosis for various diseases

has been performed for  50 cases and genetic
counseling has been provided to 626 cases belonging
to various genetic diseases and congenital anomalies.

Type of disease Number of cases
Genetic analysis Haemoglobinopathies 32

Musculopathies 222
Bleeding and clotting disorders 9
Neurodegenerative disorders 232
Mitochondrial encephalomyopathies 6
Others 48

Total 549
Type of diagnosis

Molecular Diagnosis 472
Prenatal Diagnosis 50
Carrier Diagnosis 20
Predictive Diagnosis 7

Genetic counselling 626
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Amitabha Chattopadhyay, Sandeep Shrivastava,

Sourav Haldar, Arunima Chaudhuri, Yamuna Devi Paila,

Roopali Saxena

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 55-58.

I. Background:

Biological membranes are complex assemblies of lipids
and proteins that allow cellular compartmentalization
and act as the interface through which cells
communicate with each other and with the external
milieu.  The overall objective of this project is to
understand membrane organization, dynamics and
function at a molecular level in terms of environment,
orientation, aggregation state, location, membrane
domains and lipid-protein interactions of membrane-
bound probes, peptides and proteins. Monitoring
conformation, dynamics, lipid-protein interactions and
functional modulation of various types of membrane-
bound probes, peptides (e.g., lytic peptides, channel-
forming peptides), and proteins (e.g., receptors) thus
form the core of this project.  We use approaches based
on fluorescence of membrane-bound molecules
because of their sensitivity, suitable time scale, minimal
perturbation, and non-invasive nature.

II. Work done elsewhere and earlier at the
CCMB:

It is known for quite some time that the principle of
wavelength-selective fluorescence can be effectively
utilized to monitor dynamics in macromolecules
such as proteins. However, till a few year back, this
approach was applied to only soluble proteins. Our
group pioneered the use of wavelength-selective
fluorescence to monitor environments of membrane-
bound probes, peptides and proteins, as presented in
previous annual reports. Wavelength-selective
fluorescence relies on the slow rates of solvent
relaxation around an excited state fluorophore, which
is a function of the motional restriction imposed on the
solvent molecules in the immediate vicinity of the

1. Membrane Biology: Organization, Dynamics and Function

fluorophore.  Utilizing this approach, it became possible
to probe the mobility parameters of the environment
itself (which is represented by the relaxing solvent
molecules) using the fluorophore merely as the reporter
group. Further, since the ubiquitous solvent for
biological systems is water, the information obtained
in such cases comes from the otherwise ‘optically silent’
water molecules. This makes the use of wavelength-
selective fluorescence significant in biology since
hydration plays a crucial modulatory role in a large
number of important cellular events.

III. Work done during the year and future plans:

(i) Dipolar relaxation within the protein matrix
of the green fluorescent protein

S Haldar, A Chattopadhyay

Green Fluorescent Protein (GFP) from the jellyfish
Aequoria victoria and its variants have become
popular reporter molecules for monitoring protein
expression, localization, and dynamics of membrane
and cytoplasmic proteins. Tagging cellular proteins
with GFP has allowed direct visualization of signaling
and real-time trafficking in living cells. GFP possesses
characteristics that are highly desirable for use as a
reporter molecule. The GFP-fluorophore is localized
in a highly constrained environment, protected from
the bulk solvent by the barrel-shaped protein matrix.
We have used the wavelength-selective fluorescence
approach (red edge excitation shift, REES) to monitor
solvent (environment) dynamics around the
fluorophore in enhanced green fluorescent protein
(EGFP) under various conditions. Our results show
that EGFP displays REES in buffer and glycerol, i.e.,
the fluorescence emission maxima exhibit a
progressive shift toward the red edge, as the excitation
wavelength is shifted toward the red edge of the
absorption spectrum.  Interestingly, EGFP displays
REES when incorporated in reverse micelles of
sodium bis(2-ethylhexyl) sulfosuccinate (AOT),
independent of the hydration state.  We interpret the

Amitabha Chattopadhyay
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observed REES to the constrained environment
experienced by the EGFP fluorophore in the rigid
protein matrix, rather than to the dynamics of the bulk
solvent.  These results are supported by temperature
dependence of REES and characteristic wavelength-
dependent changes in fluorescence anisotropy.

(ii) Exploring organization and dynamics of
hippocampal membranes utilizing pyrene
fluorescence

R Saxena, S Shrivastava, A Chattopadhyay

Organization and dynamics of cellular membranes in
the nervous system are crucial for the function of
neuronal membrane receptors and signal
transduction.  Previous work from our laboratory has
established hippocampal membranes as a convenient
source for studying neuronal receptors. We have
monitored the organization and dynamics of
hippocampal membranes and their modulation by
cholesterol using the fluorescence of the hydrophobic
aromatic membrane probe pyrene. The apparent
dielectric constant experienced by pyrene in
hippocampal membranes is ~20 ± 3, depending on
the experimental condition.  Our results show that the
polarity of the hippocampal membrane is increased
upon cholesterol depletion, as monitored by changes
in the ratio of pyrene vibronic peak intensities (I1/I3).
This is accompanied by an increase in lateral diffusion,
measured as an increase in the pyrene excimer/
monomer ratio. These results are relevant in
understanding the complex organization and

dynamics of hippocampal membranes and
could have implications in neuronal diseases
characterized by defective cholesterol metabolism.

(iii) Role of tryptophan residues in gramicidin
channel organization and function

S S Rawat, D A Kelkar, A Chattopadhyay ( in  collaboration
with  R.E. Koeppe, II, University of Arkansas, U.S.A.)

The linear peptide gramicidin forms prototypical ion
channels specific for monovalent cations and has
been used extensively to study the organization,
dynamics and function of membrane-spanning
channels. The tryptophan residues in gramicidin
channels are crucial for maintaining the structure
and function of the channel. We have explored
the structural basis for the reduction in channel
conductance in the case of single tryptophan
analogues of gramicidin with three Trp → hydrophobic
substitutions using a combination of fluorescence
approaches which include red edge excitation
shift (REES) and membrane penetration depth
analysis, size-exclusion chromatography and
circular dichroism (CD) spectroscopy. We showed
that the gramicidin analogues containing single
tryptophan residues adopt a mixture of non-channel
and channel conformations, as evident from analysis
of membrane penetration depth, size-exclusion
chromatography and backbone CD data. These
results are potentially useful in analyzing the effect of
tryptophan substitution on the functioning of other ion
channels and membrane proteins.

2. Membrane Receptor Biology: Organization, Dynamics and Function
of the Serotonin1A Receptor

Amitabha Chattopadhyay, Md. Jafurulla, Sandeep
Shrivastava, Yamuna Devi Paila, Sourav Ganguly,
Pushpendra Singh, Rajesh Prasad, Roopali Saxena

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 58-61.

I. Background:

Serotonin (5-hydroxytryptamine or 5-HT) is an
intrinsically fluorescent, biogenic amine which acts
as a neurotransmitter and is found in a wide variety

of sites in the central and peripheral nervous systems.

It is present in a variety of organisms, ranging from

humans to species with primitive nervous systems

such as worms, and mediates a variety of

physiological responses in distinct cell types.

Serotonergic signaling appears to play a key role in

the generation and modulation of various cognitive

and behavioral functions including sleep, mood, pain,
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addiction, locomotion, sexual activity, depression,
anxiety, alcohol abuse, aggression and learning.
Disruptions in serotonergic systems have been
implicated in the etiology of mental disorders such as
schizophrenia, migraine, depression, infantile autism,
eating disorders, and obsessive compulsive disorder.
Serotonin exerts its diverse actions by binding to
distinct cell-surface receptors which have been
classified into many groups.  Serotonin receptors are
members of a superfamily of receptors that couple to
GTP-binding regulatory proteins (G-proteins). None
of the G-protein coupled serotonin receptors have
been purified to homogeneity from native source.

II. Work done elsewhere and earlier at the
CCMB:

The serotonin1A (5-HT1A) receptor is a representative
member of the superfamily of G-protein coupled
receptors (GPCR) and represents a major drug target
in anxiety and depression related disorders.  Among
the various types of serotonin receptors, the G-protein
coupled serotonin1A receptor subtype has been the
most extensively studied.  The reasons for this include
(i) the availability of a selective ligand (8-OH-DPAT)
that allows extensive biochemical, physiological, and
pharmacological characterization of the receptor; (ii)
the observation that certain serotonin1A agonists exert
anxiolytic and antidepressant effects. As a result, the
serotonin1A receptors have become an important
target in the development of therapeutic agents to treat
neuropsychiatric disorders such as anxiety and
depression. Besides, serotonin1A receptors are
implicated in regulation of blood pressure, feeding,
temperature regulation, and regulation of working
memory; (iii) it was the first among all the serotonin
receptors to be cloned and sequenced.  The human,
rat and mouse serotonin

1A
 receptors have been

cloned, and their amino acid sequences deduced.
Furthermore, the receptor has been stably expressed
in a number of neural and non-neural cell lines; and
(iv) it was the first serotonin receptor for which
polyclonal antibodies were obtained allowing their
visualization at the subcellular level in various regions
of the brain. Mutant mice lacking the serotonin1A

receptor exhibit enhanced anxiety-related behavior.

Earlier work from our group has established the bovine
hippocampal serotonin1A receptor as a useful G-protein
coupled receptor system to address questions related
to neurotransmitter receptor regulation, lipid-receptor
interaction and membrane domains induced by the
receptor. We have partially purified and optimally
solubilized the serotonin1A receptor using the
zwitterionic detergent CHAPS without loss of ligand-
binding activity. We also reported modulation of agonist
binding to the bovine hippocampal serotonin

1A
 receptor

by metal ions and guanine nucleotides, a hallmark of
G-protein coupled receptors. In addition, we showed
the inhibition of ligand-binding to the serotonin1A

receptor by alcohols and its implications for coupling
to G-proteins, an important observation in the role of
serotonergic signaling in alcohol tolerance and
dependence. In our earlier work, we reported the
intrinsic fluorescence (auto fluorescence) of the
neurotransmitter serotonin and its modulation in
conditions mimicking ligand-binding.  Our group was
the first to comprehensively demonstrate the
requirement of membrane cholesterol and
sphingolipids in the function of the serotonin1A receptor.

III. Work done during the year and future plans:

(i) Effect of metabolic cholesterol depletion on
function and dynamics of the human
serotonin1A receptor

S Shrivastava, T J Pucadyil, S Ganguly. A Chattopadhyay

We have explored the effect of metabolic cholesterol
depletion using mevastatin on the function of the
human serotonin1A receptor, heterologously
expressed in Chinese Hamster Ovary (CHO) cells
(CHO-5-HT1AR cells).  Statins are competitive
inhibitors of HMG-CoA reductase and are used as
oral cholesterol-lowering drugs to treat
hypercholesterolaemia. Our results show a decrease
in cholesterol content of mevastatin treated CHO-5-
HT1AR cells, which leads to a significant reduction in
specific agonist and antagonist binding to the
serotonin1A receptor. Importantly, metabolic
cholesterol depletion with mevastatin did not change
the extent of G-protein coupling of serotonin1A
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receptors.  Interestingly, replenishment of CHO-5-
HT1AR cells with cholesterol led to a considerable
recovery of specific ligand-binding activity. Treatment
of CHO cells expressing the serotonin1A receptor
tagged to EYFP (enhanced yellow fluorescent protein)
with mevastatin led to a significant decrease in
diffusion coefficient and an increase in mobile fraction
of the receptor, as estimated by fluorescence recovery
after photobleaching (FRAP) measurements. These
novel results could have significant implications in
understanding the influence of cholesterol lowering
agents such as statin on function and dynamics of
the serotonin1A receptor, in particular and other G-
protein coupled receptors, in general.

(ii) Effect of metabolic depletion of
glycosphingolipids on the function of the
human serotonin1A receptor

P Singh, Y D Paila, A Chattopadhyay

Glycosphingolipids are ubiquitous components of the
plasma membrane of eukaryotic cells, and are crucial
for various cellular functions.  These lipids are found
to be predominantly distributed in the outer leaflet of
plasma membranes of eukaryotic cells. Impaired
metabolism of glycosphingolipids leads to various lipid
storage diseases wherein a particular type of lipid
accumulates in lysosome without getting degraded
further into simpler components due to inborn errors
in the catabolic pathway.  We have explored the effect
of metabolic glycosphingolipid depletion on ligand-
binding and signaling functions of the serotonin1A

receptor. Glycosphingolipid depletion in CHO-5HT1AR
cells was achieved using PDMP (phenyl-2-decanoyl-
amino-3-morpholino-1-propanol-hydrochloride), a
metabolic inhibitor of glucocerebroside synthase.  Our
results show that specific agonist [3H]8-OH-DPAT
binding is reduced upon PDMP treatment, in a
concentration-dependent manner.  At the highest
concentration (30 µM) of PDMP used, the total number
of functional serotonin

1A
 receptors was reduced by

~40% without any alteration in the affinity of the
receptor to the agonist. The observed reduction in
agonist binding could therefore be attributed to

decrease in the number of functional receptors upon
PDMP treatment.  Interestingly, the efficiency of G-
protein coupling of serotonin

1A
 receptors exhibited no

significant change upon PDMP treatment.  In addition,
we have monitored the effect of glycosphingolipid
deficient conditions on membrane order using
fluorescence anisotropy measurements.  These
results provide new insight into the molecular
interaction of glycosphingolipids with the serotonin1A

receptor in particular, and with other G-protein
coupled receptors, in general.

(iii) Effect of sphingolipids on the function of the
serotonin1A receptor

Md. Jafurulla, T J Pucadyil, S Kalipatnapu,
A Chattopadhyay

Sphingolipids are ubiquitous constituents of
eukaryotic cell membranes and constitute ~10-20%
of membrane lipids, and are recognized as diverse
and dynamic regulators of a multitude of cellular
processes. In light of the proposed significance of
sphingolipids in a variety of physiologically important
processes, the effect of modulating sphingolipid
content in mammalian cells on the function of the
human serotonin1A receptor assumes significance. A
CHO cell mutant LY-B strain, defective in the LCB1
subunit of serine palmitoyltransferase (SPT) enzyme
that catalyzes the first committed step in sphingolipid
biosynthesis, represents a convenient system to
elucidate the effect of sphingolipids on the receptor
function. We have stably expressed the human
serotonin1A receptor tagged to enhanced yellow
fluorescent protein (5-HT1AR-EYFP) in LY-B cells
(LY-B-5-HT1AR-EYFP cells). Our results show
that under sphingolipid deficient conditions, LY-B-5-
HT1AR-EYFP cells exhibit a significant reduction in
sphingomyelin content, the most abundant species
of sphingolipids in mammalian cells.  We monitored
the specific ligand binding function of the serotonin1A

receptor under sphingolipid deficient conditions.
Importantly, under such conditions, the agonist
binding to serotonin1A receptors shows an increase
whereas the antagonist binding is reduced. Further
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studies on the effect of sphingolipids on the
organization and dynamics of the serotonin1A receptor

are currently in progress. Our results could be relevant

in understanding the role of sphingolipids in the

function of the serotonin
1A

 receptor.

(iv) Effect of capsaicin on ligand-binding activity

of the hippocampal serotonin1A  receptor

R Prasad,  P Singh, A Chattopadhyay

Since a significant portion of integral membrane

proteins remains in contact with the membrane, the

structure and function of membrane proteins often

depend on the membrane lipid composition. The

function of membrane proteins can be modulated either

by specific (local) lipid-protein interactions, or material

(physical) properties of the membrane, or both. To

examine the role of membrane material properties in

ligand binding activity of the hippocampal serotonin1A

receptor, we monitored the function of the receptor in

presence of capsaicin.  Capsaicin has been previously

shown to increase the elasticity of membrane bilayers.

Our results show that the ligand-binding activity of the

hippocampal serotonin1A receptor is reduced by

capsaicin in a linear concentration-dependent

manner. This is accompanied by no appreciable

change in G-protein coupling of the receptor and

overall membrane order.  We conclude that material

properties of membrane bilayers could play an

important role in the function of the serotonin1A receptor

in particular, and membrane proteins in general.

(v) Constitutive dimers of the serotonin1A

receptor revealed by photobleaching

anisotropy measurements in live cells

S Ganguly, A Chattopadhyay (in collaboration with A.H.

Clayton, Ludwig Institute, Melbourne, Australia)

Seven transmembrane domain G-protein coupled

receptors (GPCRs) are involved in a wide variety of

cellular responses and represent one of the most

widely used drug targets.  Although there is growing

evidence in favor of oligomeric existence of GPCRs

on the membrane and its possible implications

in receptor-mediated signaling, conventional

pharmacological studies are inefficient to address this

issue. We have established a stable heterologous

expression system for the seven transmembrane

domain serotonin1A receptor tagged to enhanced yellow

fluorescent protein (EYFP) in Chinese Hamster Ovary

(CHO) cells. To explore the state of oligomerization of

the cellular serotonin1A receptor, we performed

fluorescence lifetime and anisotropy measurements on

these cells. Homo-FRET, as inferred by the increase in

fluorescence anisotropy upon progressive

photobleaching of the receptor, has been interpreted

to be indicative of receptor oligomerization. We

observe that serotonin1A receptors exhibit significant

homo-FRET under control conditions, implying the

existence of a substantial oligomeric (possibly dimeric)

population. The extent of oligomerization remains

unaffected upon agonist or antagonist stimulation.  To

explore the dependence of oligomers on membrane

cholesterol, we depleted membrane cholesterol with

methyl-β-cyclodextrin. Interestingly, the oligomeric

population remained unaffected even after cholesterol

depletion.  Importantly, treatment of cells with actin

cytoskeleton destabilizing agent cytochalasin D, led to

almost total loss of the oligomeric species implying the

involvement of the actin cytoskeleton in the

maintenance of the oligomeric population.

Fluorescence lifetime of EYFP measured under all the

above conditions remained largely invariant. Taken

together, our results provide the first evidence of

constitutive oligomerization of the serotonin
1A

 receptor

and could provide further insight in GPCR organization

in membranes.
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(vi) Oligomerization of the human serotonin1A

receptor in live cells utilizing time-resolved

fluorescence anisotropy measurements

Y D Paila, A Chattopadhyay (in collaboration with G.

Krishnamoorthy, Tata Institute of Fundamental Research,

Mumbai)

Serotonin1A receptors belong to the family of seven

transmembrane domain G-protein coupled receptors

(GPCRs) and are implicated in the generation and

modulation of various cognitive, behavioral and

developmental functions. Oligomerization of GPCRs

represents an important determinant in the signaling

function of these receptors. We have explored the
oligomerization status of the serotonin1A receptor
tagged to Enhanced Yellow Fluorescent Protein
(EYFP) in live cells under various experimental
conditions using time-resolved fluorescence
anisotropy measurements on single cells under a
fluorescence microscope. We have analyzed the
anisotropy decay profile of the receptor stimulated
with agonists such as serotonin and 8-OH-DPAT
with the aim of identifying and quantifying
homo-FRET among receptor clusters. Our group
has previously shown that membrane cholesterol is
required for the ligand binding and G-protein
coupling of this transmembrane receptor. We
have monitored the anisotropy decay of EYFP
tagged to the human serotonin1A receptor upon
conditions of acute and metabolic cholesterol
deprivation. Acute depletion was achieved using
methyl-β-cyclodextrin (MβCD). For metabolic
deprivation of cholesterol, we utilized AY 9944,
a specific inhibitor of 3β-hydroxysterol-∆7-reductase
(DHCR7). Treatment with AY 9944 results in the
accumulation of 7-dehydrocholesterol with
concomitant reduction in cholesterol content, which
mimics a syndrome known as the Smith-Lemli-Opitz
syndrome. In addition, we have explored the
oligomerization status of this receptor under
sphingolipid-depleted conditions using fumonisin B1.
Interestingly, in all the experimental conditions used,

we did not observe any alteration in either the limiting
anisotropy (r0) or the anisotropy decay profile of the
EYFP-tagged serotonin

1A
 receptor. Importantly, our

results show that r0 value for EYFP in cells is
significantly low compared to EGFP in glycerol. This
reduction in r0 could be attributed to rapid and
unresolved homo-FRET. A possible explanation for
this could be homo-FRET in pre-existing constitutive
oligomers of the receptor, although other explanations
could not be ruled out at this point. These results could
be useful in understanding the effect of membrane
lipid modulations and stimulation with ligands on
serotonergic signaling mediated through this receptor.

(vii) Exploring membrane dynamics of the
serotonin1A receptor by Z-scanning
fluorescence correlation spectroscopy

S Ganguly,  A Chattopadhyay

The lateral dynamics of membrane proteins
represents a major determinant of cellular signaling.
We have explored the plasma membrane dynamics
of the seven transmembrane domain, G-protein
coupled, serotonin1A receptor tagged to enhanced
yellow fluorescent protein (EYFP), expressed in
CHO cells. We have applied a novel z-scanning
fluorescence correlation spectroscopy (zFCS)
approach, which appears to be particularly suitable
for the determination of diffusion properties
of heterologously expressed visible fluorescent
protein (VFP) tagged membrane proteins. Using zFCS
we were also able to eliminate, to a considerable
extent, the interference from cytosolic fluorescent
proteins and the inherent error associated with
identifying the plane of the plasma membrane in a
confocal image. Our results suggest that the diffusion
of the serotonin

1A
 receptor, as obtained utilizing zFCS

measurements, is significantly faster, than values
obtained from fluorescence recovery after
photobleaching (FRAP) measurements. The FCS data
correspond to length scales of a few hundreds of
nanometers and time scales ranging from
microseconds to seconds, whereas FRAP
measurements provide information of diffusion over
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length scales of a few micrometers, and time scales
of seconds to minutes. Based on the spatiotemporal
differences associated with the two different
techniques, we believe that zFCS and FRAP could
be used as complementary approaches to study
membrane protein dynamics over a wide spatial and

Fig.1: Z-scanning Fluorescence Correlation Spectroscopy (zFCS) of the serotonin1A receptor in the plasma membrane of live cells.
(A) Fluorescent image of CHO cells stably expressing the EYFP-tagged serotonin1A receptor; (B) Theoretical zFCS diffusion
framework corresponding to various membrane models (adapted from Lenne et al., EMBO J. (2006) 25:3245); (C) and (D) zFCS
of the serotonin1A receptor indicating possible confinement of receptor dynamics in the plasma membrane by the actin cytoskeleton
meshwork.

temporal scale. A combination of these techniques
would, therefore, allow a comprehensive insight into
membrane protein dynamics. Interestingly, zFCS of the
serotonin1A receptor indicated possible confinement of
receptor dynamics in the plasma membrane by the
actin cytoskeleton meshwork (Fig.1).
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1. Hormone-regulated Expression, Properties and Function of Tissue-
specifically Expressed Salivary and Lacrimal Gland Secretory
Proteins

Surjyo J Biswas, Ved P Dubey, Prabir K De

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 62-65.

I. Background and importance:

Salivary and lacrimal glands and their exocrine
secretions, saliva and tears are very important for
maintaining a healthy oral and ocular mucosa. The
superficial location and easy accessibility of these
exocrine glands has provoked interest in them as target
tissues for gene therapy for a local therapeutic effect
on oral and ocular mucosa.  Secretory insufficiency of
these glands in humans results in keratoconjunctivitis
sicca (dry eyes) and xerostomia (dry mouth), which
severely affect ocular and oral health. Interestingly, in
humans, women are predominantly afflicted by these
states.  Additionally, reports in the literature indicate
the presence of sex differences in the structure and
secretions of salivary and lacrimal glands in different
mammalian species including humans. All these
suggest effects of sex hormones and other hormones
on gene expression and secretory activity of salivary
and lacrimal glands, which needs to be investigated.
Moreover, it is also important to investigate the
properties and functions of novel sex-specific proteins
found to be expressed and secreted by these glands.

II. Work done earlier:

We earlier reported in the Syrian hamster, the
presence of abundant 24 and 20.5 kDa male-specific
proteins (MSP) in submandibular salivary glands
(SMG) and a major female-specific 20-kDa protein
(FLP) in lacrimal gland (LG). Low levels of MSP
proteins are also expressed in female LG with FLP-
like regulation but FLP is not expressed in SMG.  MSP
proteins (found to be products of a single gene), and
FLP are immunologically similar and are exocrine
secreted in saliva and tears. The hormonal regulation
of MSP and FLP in SMG and LG have been

extensively investigated in adult and immatures and
they were found to display an unusual and complex
hormonal regulation in being markedly repressed by
sex hormones (androgens and estrogens) and also
thyroid hormones.  Some distinct differences between
the regulation of MSP and FLP, depending on
hormone, tissue (SMG or LG), age and sex of
hamster, were found. Intriguingly, a temporary male-
like MSP expression occurs in SMG of lactating
females, which disappears after pup weaning and is
prevented by early pup-deprivation. Full-length cDNAs
of MSP and FLP and their chromosomal genes were
cloned and found to encode different but closely
related members of the lipocalin protein superfamily.
MSP and FLP have maximum sequence similarity with
odorant-binding lipocalins expressed in nasal mucosa
of rat and mouse in both sexes and also with a putative
pheromone-binding lipocalin (aphrodisin) present in
vaginal discharge of female hamsters. MSP and FLP
may have some function in olfaction-mediated
chemical communication between hamsters.

Other secretory proteins of hamster LG displaying
marked sexual dimorphism were also identified, cDNA
cloned and regulation studied, e.g., a peroxidase of
Mr 75 kDa expressed at several fold higher levels in
female LG, a 48 kDa novel lipolytically inactive acid-
lipase-like protein (TALLP) expressed massively in LG
of lactating hamsters, and a protein of Mr ~12 kDa
(HLS) expressed only in female LG and found to be a
novel member of the secretoglobin family.  We found
that androgens, estrogens and thyroid hormones also
markedly repressed the expressions of these
secretory proteins. Thus, our results revealed marked
multihormonal influences on salivary and lacrimal
glands of Syrian hamster and identified and
characterized several sex hormonally regulated novel
secretory proteins of these glands.

Prabir K De

50



III. Work done during the year:

1. Endocrine secretion of MSP proteins from
SMG

We found that administration of (+/-)-isoproterenol (a
beta adrenergic agonist) to male hamsters results in
an unusual massive endocrine secretion of MSP
proteins from SMG into blood and their rapid excretion
in urine.  This effect of isoproterenol is dose-dependant.
(+/-)-Isoproterenol’s effect was tested after a single
sc dose of 4, 1, 0.25 and 0.0625 mg and a dose-
dependant decline in its effect was found (both in the
extent of depletion of MSP from SMG and its excretion
in urine voided after injection). However, even the
lowest dose tested (0.0625 mg) resulted in significant
endocrine secretion of MSP from SMG, and this was
inferred from the presence of MSP in the urine voided
after injection.  Injection of (-)-isoproterenol also had
a similar effect. (+)-Isoproterenol is known to have no
beta-adrenergic effect, however, since it is not
commercially available, its effect on endocrine
secretion of MSP could not be tested.

Among other adrenergic agonists tested salbutamol
(a beta-2 adrenergic agonist), dobutamine (a beta-1
agonist) and orciprenaline (another beta-2 agonist)
were all effective in causing rapid endocrine secretion
of MSP from SMG resulting in its considerable
excretion in urine.  These drugs are routinely used to
treat asthma and cardiac disorders and so our
observations on the effect of these drugs on SMG
are medically relevant. Moreover, examination of
protein profiles of urine obtained before and after
treatment and comparison with those of other salivary
glands (e.g. parotid and sublingual), indicated that
certain low molecular weight proteins of these salivary
glands might also be endocrine released into blood
and excreted in urine after drug treatment.

Complete obliteration of MSP from SMG of male or
ovariectomized female hamsters is seen after few days
of daily estrogen or androgen treatment.  Since, we
observed that in addition to adrenergic agonists,
treatment with cholinergic agonists (e.g., pilocarpine)
was also effective in causing rapid endocrine secretion

of MSP from SMG (resulting in depletion of MSP from
SMG and its excretion in urine), we were concerned
whether MSP obliteration from SMG after sex hormone
treatment was due to an enhancement of its endocrine
secretion from SMG.  However, experiments examining
males (and ovariectomized or lactating females) treated
with estrogen or androgen, revealed no increased
excretion of MSP in their voided urine although MSP
was absent from their SMG. Moreover, results of
Northern blots of SMG from estrogen/androgen-treated
ovariectomized hamsters showed that MSP expression
was repressed at the level of its transcripts after the
sex hormone treatments.  Thus, the reason for depletion
of MSP from SMG after sex hormone treatment is due
to transcriptional repression and this effect is different
from the effect of cholinergic and adrenergic agonists,
which cause rapid depletion of SMG-MSP due to
stimulation of endocrine secretion.

2. MSP lipocalins in body-fur and urine of
hamsters

We had found that MSP of SMG of normal males,
ovariectomized and lactating females is constitutively
endocrine secreted at low levels, since it is excreted
in trace levels in their urine.  We also found MSP in
extracts of body fur of such hamsters and ablation of
SMG obliterated MSP from both body fur and urine.
Indirect evidence indicated that MSP in fur extracts is
not due to contamination by salivary or urinary MSP
but is due to excretion through the skin of MSP present
in circulation and its gradual accumulation on fur.
Purified MSP was iodinated using 125-I and injected
ip to female hamsters.  Extracts of shaved fur taken
from back of such hamsters (48 hours after injection
of labeled MSP) were run in SDS-PAGE and
autoradiography of dried gels showed presence of
labeled 24 kDa MSP in the fur extracts.  This indicated
that MSP injected into hamsters can be excreted
through skin.

3. Seeking a function for the lactational
induction of MSP and FLP

Normal females have no MSP in their SMG, saliva,
fur or urine and have moderate levels of FLP and MSP
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in their LG and tears.  However, lactating females have
male-like levels of MSP in their SMG, saliva, urine
and fur and greatly increased levels of FLP (and MSP)
in their LG and tears. The induced MSP and FLP in
saliva, tears, fur and urine of lactating females may
serve in chemical communication between the nursing
dam and her pups or it may serve to repel other
hamsters (e.g., males) while the dam is busy nursing
its pups.  However, we found that during the first week
following pup-delivery, levels of MSP in SMG and fur
of lactating dams was very low and its levels increased
sharply thereafter, reaching maximum levels by 12-
15 days of lactation.  This suggested that any role of
MSP in lactating hamsters should be during late-
lactation and MSP may not function in repelling other
hamsters from the nursing dam during early lactation.

It was, however, possible that induction of these
odorant/pheromone-binding MSP and FLP lipocalins
in the nursing dam may have a Vandenberg-like effect;
i.e., accelerate (or retard) the appearance of puberty
of its pups. Vandenberg effect has not been earlier
demonstrated in Syrian hamsters but is well known
in many species wherein presence of adult males
(father) or their urine accelerates puberty of female
pups and retards puberty of male pups.  Likewise,
the presence of adult females (mothers) or their urine
has been shown to accelerate maturity of male pups
and retard the same for female pups.  Lipocalins with
bound pheromones present in urine of adult male
mouse were claimed to be responsible for the puberty
acceleration effect (Vandenberg effect) on female
pups.  Since hamsters are solitary animals and the
female raises her pups by itself in the absence of
males, we investigated whether the induction of MSP
and FLP lipocalins in saliva, tears, fur and urine of
the lactating hamster dam might have any maturity
enhancing (or retarding effect) on her female or male
pups. Thus, SMG and LG ablated and sham-ablated
females were mated with males and pups from litters
of gland-ablated dams were compared with those of
intact dams. However, when checked at 20- and 30-
days of age, no differences in sexual development
were observed between pups of same sex reared by
either type of dam. Moreover, no differences in pup

rearing behavior between the two types of dams were
detectable. The physiological role of the lactational
induction of MSP and FLP lipocalins in SMG and LG
of hamster dams remains unresolved.

4. Regulation of FLP and MSP in hamster LG
and SMG

Hemi-castration or hemi-ovariectomy (unilateral
gonadectomy) did not result in any detectable
induction of FLP and MSP in LG of male or female
hamsters or in SMG of female hamsters indicating
that sex hormones secreted by a single gonad (testis
or ovary) was sufficient to suppress expression of
these lipocalins in LG and SMG. However, after
bilateral gonadectomy in both sexes, the induction of
lipocalins in LG was found to be more rapid in females
than in males.  At 30 days post-gonadectomy, higher
levels of LG lipocalins were clearly detectable in
females and levels in females were perceptibly higher
than in males even at 60-days post-gonadectomy.
Chemically induced hypothyroid state in male and
female hamsters did not induce LG or SMG lipocalins.
LG lipocalins could be induced in male and female
hamsters after hypophysectomy. This induction was
similar to that observed after gonadectomy and could
be prevented by androgen or estrogen treatments to
hypophysectomized hamsters. Interestingly,
hypophysectomy alone or hypophysectomy and
ovariectomy resulted in little or no induction of MSP
in SMG of females and hypophysectomy almost
obliterated MSP expression in SMG of gonad-intact
males. These results indicated that MSP expression
in SMG (of males as well as ovariectomized females)
was dependant on presence of an intact pituitary.

We had observed that physiological doses of
estrogens, androgen and thyroid hormone injected
sc, ip or im to hamsters markedly repressed
expression of FLP and MSP in their LG and also MSP
in their SMG. The repressive effects of sex hormones
on FLP and/or MSP of LG and SMG could be
prevented by simultaneous administration of sex
hormone receptor blockers. Moreover, androgen/
estrogen-receptor transcripts and/or proteins were
also detected in hamster LG and SMG. Similar
repressive effects of the above hormones were also
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1. Structural and Mechanistic Details of RDE-4 in RNA Interference
Pathway of C. elegans

Sonu Kumar, Mandar V Deshmukh

A continuing programme: Ref: CCMB Annual Report for
2006-2007, Pages, 65-67.

1. Background, importance and work done
earlier:

RNA interference is an ancient mechanism of post-
translational gene silencing. The pathway begins with
the recognition and cleavage of dsRNA into siRNAs.
The anti-sense siRNA strand, together with a multi-
protein assembly (PIWI and Ago2), forms a silencing
complex (RISC) to cleave the cognate mRNA, within
the region of homology, with the single cleavage site
located in the centre of the protected area.

In higher eukaryotes, presence of a double stranded
RNA-binding domain (dsRBD) protein is a prerequisite
to accomplish RNAi pathway. RDE-4, a dsRNA binding
protein in C. elegans, is involved in the recognition of
exogenous dsRNA. Mutants of C. elegans lacking
rde-4 show dramatic decrease in siRNA levels.
Given its central role in RNAi pathway, the molecular
basis of dsRBD proteins needs to be accomplished.
As a first step towards this goal, we are exploring
solution structure and various recognition sites in
RDE-4. Since wild type RDE-4 is a homodimer (88
kDa), we wish to get the solution structures of the
domains to construct a full structure. Based on the
predicted structure and biochemical data we have
designed two constructs namely RDE4∆ C (i.e., (1-
243)) and RDE4C (i.e., (243-385)).

Conditions for over-expression (temperature and the
IPTG concentration) have been optimized with
small-scale expression test for RDE4∆C. Batches of
proteins were purified using Ni-NTA affinity column
and higher-level (>95%) homogeneity was achieved
by size-exclusion chromatography using SuperdexG
75 column. Uniform 15N samples were prepared using
M9 H2O media with 15N NH4Cl as the sole nitrogen
source. Yield of the protein in minimal media and LB
is identical. 15N-HSQC spectra of RDE-4∆C construct
were well dispersed indicating that the protein is
folded. However, an HSQC or TROSY could not yield
resonances for non-perdeuterated wild type RDE-4,
as it is a homodimer in solution (88 kDa).

II. Work done during the year:

Solution structure determination by NMR
spectroscopy requires labeling of NMR active isotopes
(such as 15N and 13C) for increasing the sensitivity.
We have over-expressed 15N labeled RDE-4∆C
sample. For larger proteins (ca. 25 kDa and above)
perdeuteration (~ 80% deuteration) technique is often
useful as it greatly reduces spin diffusion and
concomitantly yields narrower line widths. We have
optimized conditions for 15N/13C/2H (80%) labeling of
RDE-4∆C in minimal media using small-scale
expression test. Triple labeled RDE4∆C samples were
prepared in M9 minimal media in D

2
O with 13C-

Glucose and 15NH4Cl as sole source of carbon and
nitrogen. A comparison of HSQC recorded on triple

Mandar V Deshmukh

found on peroxidase, HLS and TALLP proteins of
hamster LG.  It was nevertheless possible that these
repressive hormonal effects on hamster LG and SMG
gene expression are indirect effects mediated by
changes in levels of a humoral factor secreted by
some other tissue e.g., pituitary, liver etc., on which
the injected hormones act.  We tested this possibility
for the androgen effects seen on hamster LG by
administering single depot injections of decreasing
doses of androgen into the LG tissue mass of one-

side of ovariectomized females while the other-side
LG was injected with oil (vehicle).  Upon examination
of LG tissues after 5 days, we found that when a
sufficiently reduced dose of androgen was injected,
the repression of FLP, MSP, TALLP, peroxidase and
HLS was detectable only in the androgen-injected LG,
while no effect was seen on the vehicle-injected LG.
This strongly indicated that the observed effects of
androgen on gene expression are due to direct effects
of the hormone on hamster LG tissue.
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Fig.1: 3D experiments for chemical shift assignments and to collect distance restraints. (A) 2D projection of CO plane re-
corded using 3D HNCO. A 3D HNCO correlated chemical shifts of amide proton, nitrogen and carbonyl carbon of i-1th residue.
(B) 2D projection of long range amide-amide NOESY (15N-HSQC-NOESY-HSQC) recorded (τm = 200 ms). Off-diagonal peaks
indicate long range correlations between amide protons having spatial proximity below 5.5 Å.  Sample: U-15N, 13C, 2H (80%)
RDE-4∆C.

To aid the resonance assignment process and to

arrive at rapidly determined structure of RDE-4∆C,

we have predicted structure of RDE-4 using crystal

structure of human protein DGCR8 (Fig.3A).

Homology modeling is an algorithm to construct a

three-dimensional structural model, using an

alignable protein with known structure. It relies on

the identification of one or more protein structures

labeled RDE-4∆C and on U-15N labeled RDE-4∆C
yields identical pattern suggesting that perdeuteration
has no effect on the rate of chemical exchange due
to reduced spin diffusion.

A set of standard triple resonance 3D experiments
like HNCO, HN(CA)CO, HN(CO)CA, HNCA,
HN(COCA)CB, and HNCACB were recorded on 700,
600 and 500 MHz NMR spectrometers at Bruker

having resemblance to the primary sequence of

target protein. The sequence alignment and template

structure were used to produce a structural model

of the target protein. Because protein structures are

more conserved than protein sequences, detectable

levels of sequence similarity usually imply significant

structural similarity (Fig.3B). The homology model

shows that dsRBD domains of RDE-4 are well

conserved. The hallmark α−β−α sandwich motif of a

dsRNA-binding domain is clearly seen in RDE-4. The

interdomain linker and the C-terminal region could

not be well predicted because of lack of sequence

similarity. Predicted homology model will be used

for rapid structure determination by NMR

spectroscopy.

facility, Switzerland (Fig.1A). A 3D version of
4D 15N-1H HSQC-NOESY-HSQC was recorded to
yield long-range amide-amide distance information
(Fig.1B). Also, 3D 15N-1H NOESY-HSQC was
recorded to aid assignments. The data analysis is in
progress to achieve backbone chemical shift
assignments of N, HN, Cα, Cβ and CO using
standard NMR protocols in CARA (Computer Aided
Resonance Assignments).

To perform rapid backbone assignment, specifically
15N-enriched amino acid like Lys, Leu, Val, Ile, Phe,
Tyr and Met will be further used. A specifically labeled
15N Lys spectrum can be seen (Fig.2) where all 28
Lys can be seen as an overlay on the background of
resonances recorded from U-15N labeled RDE-4∆C.
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Shubhda Chamoli, Sonu Kumar, Mandar V Deshmukh

A continuing programme: Ref. CCMB Annual Report for
2006-2007, Pages: 67-69.

I. Background and work done earlier:

The loading of the siRNA antisense strand to the
Drosophila RNA-induced silencing complex (RISC)
assembly is achieved by a heterodimeric complex

2. Role of R2D2 in Enhancing Sequence-specific mRNA Degradation in
Drosophila RNAi Pathway

Fig.2: Specific labeling of RDE-4∆C. Overlay of HSQC recorded on specifically 15N Lys labeled (red) and uniformly labeled
RDE-4∆C (black). All 28 Lysine residues can be identified which will aid to the rapid backbone assignments.

Fig.3: Structure prediction and sequence alignment of RDE-4. (A) Homology model was calculated from human DGCR8
crystal structure with program Modeller. (B) The sequence alignment of the first dsRBD of RDE-4 with second RNA binding
domain, R2D2, DGCR8 & PKR performed by program ClustalW. Conserved residues are highlighted.

formed by Dicer-2 and R2D2 (36 kDa protein), a
dsRNA binding protein. A depletion analysis in S2
Drosophila cells shows that Dcr-2 and R2D2 form a
stable complex. Additionally, both R2D2 and Dcr-2
expression levels significantly decreased in cells
deficient in the other partner. The Km (substrate affinity)
and kcat (catalytic affinity) found for Dcr-2/R2D2
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with Dcr-2 alone showed no significant difference,
indicating that the enzymatic activity of Dicer-2
is not affected by R2D2. Photocrosslinking data,
in which a radio-labeled and thermodynamically
asymmetric siRNA is attached to the protein,
suggests that Dcr-2 binds to the 5′ end of the
thermodynamically less stable guide strand,
whereas R2D2 binds to the 5’ end of the
passenger strand. However, photocrosslinking
of thermodynamically symmetric siRNA to
R2D2 and Dcr-2 was observed with equal
efficiency. In addition, Dcr-2 alone does not
bind to the siRNA efficiently, suggesting
that R2D2 preferentially binds to the siRNA end
with the greatest double-stranded character,
thereby correctly orienting the siRNA duplex
onto the heterodimer. Strong R2D2 substrate
binding requires a 5′-phosphate on the siRNA
strand that is excluded from RISC. Hence, R2D2 is
both a protein sensor for siRNA thermodynamic
asymmetry and a licensing factor for selective entry
of authentic siRNA into the RNAi pathway. Additionally,
Drosophila melanogaster strains containing mutant
R2D2 had increased sensitivity to viral infections,
suggesting an important role of R2D2 in viral defense.
This implies that Dcr-2/R2D2 and subsequent
formation of the initiation complex may serve as an
RNAi pathway checkpoint and may be targeted by
viral factors that disable the host cell defense system.

Given the useful role of RNAi in laboratory research
and its promise in treating human disease, it is
imperative to understand the driving forces that
determine which strand of a duplex siRNA is loaded
into the RISC. To this end, we wish to utilize

biochemical tools and solution NMR spectroscopy to
understand structural and functional details of R2D2
as well as mechanistic details of initiation complex.

II. Work done during the year:

In previous studies, R2D2 was purified either from
Drosophila embryo extracts or from recombinant
expression in insect cell line. To execute efficient
NMR isotope labeling, an easy expression system
for over-expression of R2D2 is designed in
prokaryotic system. To this end, we have grown
Drosophila embryos (CantonS strain) and
isolated mRNAs. Cleaned mRNAs were subjected
to RT-PCR to get a cDNA. The cDNA encoding
r2d2 was recloned in pET-30a, for heterlogous
expression in E. coli. The recombinant gene is
designed with a C-terminal His-6 tag for affinity
column purification. The sequence has three
mutations (L86V, D86G, E86D) in comparison to the
sequence derived from Berkeley fly lab database
(accession No. AAT47770.1). These three mutations
were found in an already reported allele of
R2D2 (accession No. ABB77174.1). However, an
additional mutation of L196S was not found in our
case. We are in the process of recloning the gene to
reproduce the findings so that possibilities of artifacts
due to reverse transcriptase can be ruled out. These
residues lie at an important rigid loop as located on
the homology model of R2D2.

Conditions for over-expression (by varying temperature
and IPTG concentration) have been optimized with
small-scale expression tests. The protein localizes to
the inclusion bodies as can be seen from the gel. Work
is in progress to correctly refold the protein.
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1. Molecular Biology of Skeletal Muscle Growth and Regeneration

Sindhu Subramaniam, Soji Sebastian, Sirisha Cheedipudi,
Pushpa Manne, A.S. Gunasekaran, Amena Saleh, Prethish
Sreenivas, Indumathi Mariappan, Joveeta Joseph, N. Usha,
Hardik Gala, Jyotsna Dhawan

A continuing programme; Ref: CCMB Annual Report for
2006-2007, pages 69-71.

I. Background, importance and work done
earlier:

Adult skeleAdult skeletal muscle tissue retains a
remarkable ability to regenerate after injury.
Undifferentiated muscle precursors called satellite
cells (SC) lie dormant within the adult tissue and are
activated to proliferate when myofibers are damaged.
By a process involving cell fusion and activation of
muscle-specific genes, the progeny of activated SC
can form new myofibers or repair damaged myofibers,
thereby leading to physical and functional tissue
replacement. More importantly, SC can self-renew and
a subset returns to dormancy, replenishing the stem
cell pool. The mechanisms by which these cell fate
choices are made are not well understood but must
involve the ability of quiescent stem cells to avoid
precocious differentiation. Our primary interest is to
understand how this process is controlled, and has
focused on identifying genes and pathways that are
specifically induced during the quiescent state.

Our approach employs a synchronized culture system
using a satellite cell-derived cell line in which arrest
occurs without differentiation, mimicking growth control
in SC in vivo. Synchronized C2C12 myoblasts share
with SC a key property of reversible arrest without
differentiation. Further, genes expressed by SC in vivo
are expressed appropriately in synchronized myoblasts.
For example, the myogenic transcription factors MyoD
and Myf5 are down-regulated in G0 myoblasts and
activated during G1, but the stem cell marker CD34
shows reciprocal regulation to MyoD, and is induced
in G0 and rapidly repressed during the G0/G1 transition.
Further, we found that genes isolated from
synchronized myoblasts in culture mark SC in vivo, a
finding that validates our original strategy.

We continue to focus on investigating genes and
programs that are regulated during the myoblast cell
cycle in culture, for two reasons: firstly, as a means of
identifying potential markers of SC in vivo to aid in
their purification and analysis, and secondly, to
understand the molecular mechanisms that regulate
uncoupling of cell proliferation and differentiation that
occurs in stem cells. Our long-term goal is to use these
insights towards developing therapies for acquired and
inherited myopathies.

II. Work done during the year:

Over the past year we have focused on five aspects
of the biology of G0 myoblasts. Firstly, we continued
our analysis of the function of p8 and MLL5, two
chromatin modulators that we had identified earlier
in a gene trap screen, and for which we now have an
understanding of their mechanism of action. Secondly,
we continued our study on transcriptional profiling of
quiescent myoblasts to identify new genes and
pathways involved in regulating quiescence and
reactivation. Thirdly, we continued our analysis of two
pRb-interacting proteins in G0. Fourthly, we continued
our investigation of the intersection between
adhesion-dependent signaling and Wnt signaling.
Finally, we continued our work on characterizing
monoclonal antibodies previously generated against
quiescent myoblasts.

1. Functional analysis of MLL5, a putative
histone methyl transferase induced in G0

(Soji Sebastian, Prethish Sreenivas, Sirisha Cheedipudi)

Earlier we described the identification of mixed lineage
leukemia-5 (MLL5, a homolog of the Drosophila
chromatin regulator trithorax and a candidate tumor
suppressor) as a G0-induced gene. RNAi-mediated
silencing of MLL5 revealed a complex role for this
chromatin protein in myoblasts. MLL5 is strongly
induced in G0 myoblasts but not fibroblasts, and
declines during G1-S. Intriguingly, we found that MLL5
is a negative regulator of S phase during the myoblast

Jyotsna Dhawan
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cell cycle, and also positively controls myogenic
differentiation.

Our work over the past year focused on dissecting
the mechanism of action of MLL5 on the cell cycle.
Using a combination of over-expression and
RNAi strategies with transcriptome analysis,
chromatin immuno-precipitation and promoter
analysis, we discovered that MLL5 negatively
regulates Cyclin A, a key player in the control of DNA
replication, via direct physical association with its
promoter as well as indirect control of other
chromatin regulators. We hypothesize that
repression of Cyclin A in G0/G1 by MLL5 indirectly
promotes origin licensing, which is strongly
inhibited by Cyclin A. Further, MLL5 maintains
expression of key myogenic specification and
determination genes Pax7 and Myf5 in G0 and G1
respectively. Our working model is that MLL5
presides over a hierarchy of chromatin and
transcriptional modulators to regulate the kinetics of
key S phase events and maintain lineage gene
expression that eventually promotes myogenic
differentiation. Current studies are aimed at
understanding the role MLL5’s targets play in
quiescence.

2. Functional analysis of p8 – an HMG-related
chromatin protein in regulation of myoblast
cell cycle and differentiation

(Sirisha Cheedipudi, S Gunasekaran)

Earlier we described the identification of p8/Nupr1
(an HMG-related chromatin architectural protein),
in the same gene trap screen in which MLL5
was isolated. Unlike MLL5, p8 expression does
not wane during G1-S progression, but is transiently
activated coincident with MyoD induction in G1.
p8 function was analyzed using shRNA-mediated
silencing, over-expression, transcriptional profiling
and yeast two-hybrid analysis. We found that p8 is a
negative regulator of G1-S progression and a
positive regulator of myogenic differentiation,
and that regulation takes place via effects on the

histone acetyl transferase (HAT) p300. A yeast
two-hybrid screen using p8 as bait led to the
identification of an RNA helicase previously shown to
interact with both p300 and MyoD. This finding lends
further support to our results linking p8 to the
regulation of these two transcriptional activators. Our
working model is that p8 participates in a large
complex containing chromatin regulatory proteins and
myogenic transcription factors, which modulates the
kinetics of G1 progression, and thereby affects the
decision point for differentiation. Current studies are
aimed at locating this complex on myogenic promoters
and understanding whether its composition varies in
growing and differentiating cells.

3. Transcriptional profiling of reversibly
arrested myoblasts

(Sirisha Cheedipudi, Sindhu Subramaniam)

Earlier we described microarray analysis to identify
the transcriptional signature of G0 myobasts. This
analysis revealed the benefits of quiescence for long-
term progenitor cells such as those found in muscle:
up-regulated gene networks include a large number
of tumor suppressors, and a variety of survival
programs including inhibitors of apoptosis. Pathways
induced in G0 include those that respond to the
depressed metabolic rates and may thereby contribute
to long-term survival.

To complement our analysis of quiescence-induced
gene expression, we have performed a time-course
analysis of the re-activation of G0 myoblasts using
microarrays. In this extensive data set we are focusing
on genes whose expression is rapidly repressed
during cell cycle re-entry with a particular interest in
dynamically regulated chromatin modulators. The
transcriptional program discovered by this study
supports the notion that quiescence results from
active regulation. Our current studies in this area
address the possibility that transiently expressed
genes or oscillators actively regulate the transition into
G0, in a manner analogous to the cyclins that drive
transitions during cell cycle progression.
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4. Functional analysis of a G0-induced
chromatin modulator PRDM2 that uncouples
arrest from differentiation

(Sirisha Cheedipudi, S. Gunasekaran)

The tumor suppressor gene pRb is a key negative
regulator of cell cycle progression, but also plays a
specific role in muscle differentiation, where it co-
ordinates cell cycle withdrawal with the onset of tissue-
specific gene expression. We had earlier found that Rb
expression is suppressed during G0 arrest but its family
member p130 (Rb2), is induced. Several Rb-family
interacting proteins are induced in G0, one of which is a
known transcriptional repressor and chromatin
modulator, PRDM2, that methylates H3K9, creating a

repressive mark. We have used RNAi, over-expression
and chromatin immunoprecipitation along with
microarray analysis to functionally analyse this protein.
Our studies show that PRDM2 knockdown cells can exit
the cell cycle but differentiate precociously, leading to
hypertrophic myotubes. This is the first example of a
G0-induced gene that represses myogenic
differentiation, permitting reversible arrest to occur, with
implications for stem cell function. We have identified
putative targets of this histone methyl transferase and
are currently uncovering the mechanism by which it
regulates arrest and differentiation. Our results suggest
a mechanism for the switch between reversible and
irreversible programs of arrest.

2. Adhesion-dependent Signaling in Growth and Differentiation of
Muscle Cells

Prethish Srenivas, Amena Saleh, S. Gunasekaran,
Indumathi Mariappan, Joveeta Joseph, Jyotsna Dhawan

A continuing programme; Ref: CCMB Annual Report for
2006-2007, pages, 71-72.

I. Background, importance and work done
earlier:

The model system that we use to study quiescence in
culture involves non-adherent culture of myogenic cells.
Our earlier work showed that the small GTPase RhoA,
a regulator of adhesion-dependent pathways acts as
a switch for coupling and uncoupling of myogenic
differentiation and the cell cycle. We also showed that
the Rho effector, a formin homology protein called
mDiaphanous channels Rho’s signals to regulate
expression of MyoD and cell cycle progression. Last
year we reported that mDia not only regulates the
transcription factor SRF via effects on actin dynamics
as is known in fibroblasts, but also controls a novel
SRF-independent pathway implicating the Wnt effector
β-catenin. mDia restricts nuclear localization of β-cat
and inhibits MyoD expression, while co-expression of
a constitutively active β-cat with mDia rescued MyoD
expression. The MyoD-inhibitory activity of mDia could
be localized to a specific domain, which showed the

ability to block β-cat localization and consequently,
transcriptional activity of TCF/LEF.

II. Work done during the year:

1. Identification of mDia interacting proteins
and probing the interaction of mDia with the
Wnt pathway

Amena Saleh, Prethish Sreenivas, Anusha, S.
Gunasekaran, Jyotsna Dhawan

Our earlier work implicated mDia in negative
regulation of β-catenin and consequently, MyoD.
We initiated a yeast 2-hybrid screen to identify
new interacting partners of mDia. Using a Rho-
independent mDia derivative as bait, we obtained
a number of interacting proteins whose analysis
should shed new light on this signalling molecule.
Importantly, profilin, a known Dia-interacting
protein, was recovered in the screen, thus
validating the process. The newly identified
proteins include membrane receptors that may
have a direct bearing on the β-catenin pathway
previously implicated.

In a separate candidate partner approach, we looked
at the possibility that mDia interacts with Dishevelled,
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a scaffold protein in the Wnt pathway which has been
reported to genetically interact with a Dia-related
formin in zebrafish and flies. However, in a mammalian
2-hybrid study, we were unable to detect interaction
between these proteins, suggesting possible
differences between regulation of this pathway in
mammals.

Our new mDia polyclonal antiserum robustly detects
endogenous mDia (Fig.1), which is severely depleted
in the mDia knockdown myoblasts. Further, all
truncation mutants are detected by the new antiserum,
in both immuno-fluorescence and western blot assays,
thus making it a valuable reagent for cell biological
and biochemical studies.

Fig.1: Endogenous and transfected mDiaphanous are detected using a new polyclonal antiserum generated at CCMB. Note the
altered shape caused by over-expression of the Rho-independent form of mDia- mDiaβN3-gfp, due to effects on actin stress fiber
formation (Photo: S. Gunasekaran).

2. Dissecting the role of Wnt pathway targets
in induction of G0

(Indumathi Mariappan)

In earlier profiling experiments, we had identified HBP,
an HMG box protein that interacts with the Rb-like
protein p130. HBP is a potent inhibitor of TCF/LEF,
the target transcription factor of the Wnt/β-catgenin
pathway by competing for DNA binding, making a link
between Rb regulatory modules and Wnt pathway
regulation. To complicate matters on the Wnt scene
in G0, LEF1 (a TCF/LEF family member and positive

activator of Wnt targets) is also induced in G0, along
with Groucho, another HMG box protein that can also
compete for TCF target binding. To dissect out this
regulatory tangle where three proteins that can
potentially compete for the same sites are co-induced,
we used a dominant negative approach to assess the
function of each protein in Wnt regulation and in G0.

We have generated estrogen receptor-fusion proteins
of the two HBP isoforms 1A and 1B, dominant-negative
LEF and TLE1/Groucho. ER fusion allows these
proteins to be regulated by externally added tamoxifen.
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In the absence of tam, they are synthesized but held in
inactive complexes, while in the presence of tam they
are freed to enter the nucleus and functionally interact
with endogenous regulatory modules. The ER domain
used is a mutant form that does not recognize estrogen
itself but only its antagonist tamoxifen. Each of these 4
ER fusion proteins has been cloned into a retroviral
vector co-expressing GFP.

Our preliminary experiments have allowed us
to confirm that the proteins are being expressed
and are inducible by 4-OH tamoxifen. Further,
analysis of HBP1A has shown inhibition of
proliferation and of MyoD expression as
predicted. Current studies are investigating the
effects of these competing HMG box proteins
on Wnt regulation and G0.

3. Isolation and Analysis of Skeletal Muscle-derived Stem Cells

Pushpa Manne, Ch Varalakshmi, Jyotsna Dhawan

A continuing programme; Ref: CCMB Annual Report for
2006-2007, page, 72.

I. Background, importance and work done
earlier:

Earlier we had initiated isolation and analysis of
human muscle satellite cells as part of the CSIR
Network Program in Cell and Tissue Engineering. In
collaboration with Prof. Challa Sundaram at NIMS,
Dept of Pathology we had derived mass cultures of
satellite cell progeny from human biopsies from
patients with suspected myopathies. These cells were
expanded and frozen in early passage to generate a
small bank of human myoblasts.

II. Work done during the year:

One of the challenges of working with progenitor cells
is the difficulty of isolating pure populations. Although
there are now a few markers known for satellite cells,
few are expressed on the cell surface, limiting their
utility in cell purification. To generate reagents for flow

cytometric purification of muscle stem cells, we had
initiated the production of monoclonal antibodies
against surface antigens. Live quiescent myoblasts
were used as the immunogen in rats and following
fusion of the spleens from immunized animals to
generate hybridomas, 140 clones were expanded for
analysis. Screening of the FACS+ clones by Western
blotting yielded 4 clones that recognize antigens that
are enriched in quiescent myoblasts. Time course
analysis using western blotting has revealed that three
clones recognize antigens that are expressed
exclusively in quiescent myoblasts. Further analysis
of these proteins is ongoing.

Our methods for generating homogeneous quiescent
myoblasts have been successfully applied to freshly
isolated human satellite cells by our collaborator Prof.
Henrik Schroeder and his group at Odense, Denmark.
Over the next year, we expect to use transcriptional
profiling and our newly generated antibodies to
characterize the quiescence program in human
satellite cells.
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1. Analysis of Amino Acid Periodicities (AAP) in Protein Structures

Settu Sridhar, Deepti Jaiswal, Kunchur Guruprasad

A new programme

I. Background and importance:

Identification and analysis of features relating protein
sequences to structure is of immense value in
protein structure/function prediction and design.
In this context, we have systematically analysed
the main-chain secondary structure conformations
associated with ‘higher-order’ amino acid
periodicities in representative proteins of known
three-dimensional structure. Our analysis
provides new information on protein sequence-
structure related properties.

II. Work done during the year:

We analyzed the peptide main-chain secondary
structure conformations associated with amino acid
periodicities (AAP) characterized by amino acid
repeat interval and repeat number ³ 4 in a
representative dataset of proteins of known three-
dimensional structure. We developed a web-based
application software that can be used to identify amino
acid periodicities in a given protein sequence. Further,
we developed a database that contains information
on AAPs observed in all the proteins of known three
dimensional structure along with the protein
superfamily information and a database that contains
information on AAPs in all the annotated proteins.

2. Calcium- and Zinc-binding in Proteins
Prashant Singh, Ravikant Pal, Kunchur Guruprasad

A new programme

I. Background and importance:

In proteins, metal ions are often associated

with a structure/function role. A detailed understanding

of metal ions in proteins encompassing all known

environments is lacking. We, therefore, intended to

examine the environments for calcium and zinc

binding in proteins, essentially to derive sequence

templates for predicting potential metal-binding

proteins.

II. Work done during the year:

We analyzed the binding of ~8000 zinc ions in ~3000
proteins and ~9000 calcium ions in ~3000 proteins.
Binding was classified based on the number and types
of amino acid neighbourhood and solvent interactions
in the protein.  We identified different protein families
associated with metal ion interactions and sequence
templates corresponding to zinc- and calcium-binding,
and unique metal ion binding templates corresponding
to certain protein families.  This information was used
in preliminary study to predict potential zinc-binding

proteins in certain genomes.

3. Database of Structural Motifs in Proteins (DSMP-O)

Settu Sridhar, Lavanya, Atul Kumar Srivastav, Gayatri,
Kunchur Guruprasad

A new programme

I. Background and importance:

Analyzing sequence/structure features in proteins is
useful to derive rules for prediction, modeling and
design.

II. Work done during the year:

We extracted some of the well-characterized structural

motifs in proteins, such as, beta-hairpins, beta-alpha-
beta, coiled-coil, beta-helix, beta-trefoil, etc., and
implemented a relational database (beta-version)
linking sequence to structure. Currently, we have ~12
structural motifs in our database.  The data is available
for these motifs corresponding to a dataset of
representative proteins and for all proteins of known
three-dimensional structure. The database lists several
fields, such as protein name, PDB_ID, motif location,
sequence, structure and geometrical parameters.

Kunchur Guruprasad
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1. Membrane Proteins of an Antarctic Bacterium Pseudomonas syringae
Lz4W

M V Jagannadham, Aparna Jagannath

A new programme

I. Background, importance and work done
earlier:

About 20-30% of all the genes in an organism encode
membrane proteins. However, very few membrane
proteomes have been characterized so far mainly due
to the physicochemical nature of the membrane
proteins. Membrane spanning regions of proteins are
extremely hydrophobic and the extra-membrane
regions are hydrophilic. These features lead to
difficulties in formulating a general strategy for the
analysis of these proteins.

In general, Multidimensional Protein Identification
Technology (Mud PIT) helps identification of a large
number of proteins using electrospray ionization (ESI),
and sequencing the peptides adopting MS MS
methodologies.

However, current methodologies and approaches,
aimed at identifying the complete membrane proteome
are far from satisfactory. Hence, there is a great demand
for developing new strategies/ methodologies for
identifying membrane proteins. Several methodologies
are being developed in our laboratory and elsewhere
for the ionization and detection of hydrophobic peptides
(that form part of membrane proteins) by various mass
spectrometric methods using detergents. Unfortunately,
the presence of detergents and salts in the sample
hinders the analysis of proteins and peptides in MS
methods. Methods of ionization such as MALDI and
ESI also play an important role in detecting the
peptides, depending on the chemical nature of the
peptide. In a recent study, it has been shown that the
signal intensity of the precursor ion in LC-ESI
experiment increases with increase in hydrophobic
nature of the peptide due to greater efficiency in the
ionization of these peptides.

Several investigations have been carried out in our
laboratory and elsewhere to elucidate the mechanism
of cold adaptation of bacteria using some Antarctic
bacterial isolates as model system. Studies
conducted so far revealed that membranes and
membrane components play an important role in cold
adaptation of bacteria. Studies on the possible role
of a membrane protein of the Antarctic bacterium
Pseudomonas syringae in sensing the environmental
temperature underscored the importance of
identifying membrane proteins in understanding their
role in cold adaptation. Although the genome of
P.syringae Lz4W had not been sequenced, the
genome sequence of several Pseudomonas species
that were available, were used for the identification of
the proteins of P. Syringae Lz4W.

II. Work done during the year:

Analysis of membrane proteins in 2D gel
electrophoresis is difficult since these proteins are not
soluble under low salt concentrations. Detergents can
be used to solubilize the membrane proteins. We
employed non-ionic detergents octyl β-D-1-
thioglucopyranoside, dodecyl β-D-maltoside, and a
zwitterionic detergent amidosulfobetaine (ABS-14) to
detect at a suitable detergent for the solubilization
and separation of Pseudomonas syringae Lz4W
proteins on 2D gels, we observed that ASB-14 was
better suited for solubilizing and helps in separating
membrane proteins on 2D gels.

We also observed that pI range 4-7 was most suitable
to separate more number of proteins. Altogether, 350
proteins including 94 membrane proteins could be
identified using a combination of MALDI TOF/TOF and
LC coupled ESI MS. GRAVY scores revealed that 45%
of the tryptic peptides identified from the membrane
proteins were hydrophobic. The sub cellular localization
of the proteins was predicted using a programmer
PSORT b ver. 2.0 (http://www.psort.org) by choosing

M V Jagannadham
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1. The Neurospora fmf-1 Gene is a Putative Master Regulator of Sexual
Development and Can Potentially be Used to Study RIP

S V Iyer, P K Singh, M Ramakrishnan, T Bhavani Prasanna,
D P Kasbekar

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 74-75.

I. Background and work done earlier:

RIP (repeat-induced point mutation) is a genome
defense mechanism in Neurospora crassa that has
helped to keep the genome free of transposable
elements and other parasitic DNA.  RIP occurs during
the premeiosis of a sexual cross and induces G:C to
A:T hypermutation in any sizeable DNA sequence
duplication present in an otherwise haploid genome.
We had developed an assay for RIP and used it to
screen >450 wild-isolated strains for a dominant RIP
suppressor phenotype.  We found ~ 1-2% of wild-
isolated N. crassa strains harbour dominant RIP
suppressors.  Additionally, the RIP assay was used
to show that a large (>300 kb) chromosome segment
duplication dominantly suppresses RIP in a smaller
(< 5 kb) probe duplication, whereas smaller Dp’s
(< 300 kb) were non-suppressors. However, RIP was
suppressed in crosses that were heterozygous for
more than one non-suppressor Dp provided the sum
of duplicated segments exceeded 300 kb. Presumably
the chromosome segment duplications can titrate out
the RIP machinary and the “equivalence point” of
titration is close to 300 kb.

II.  Work done during the year:

Our major achievement this past year was to
molecularly identify the fmf-1 (female and male
fertility-1) gene of N. crassa.  Based on this
identification we could propose a model to explain

the unique “perithecium-dominant, heterokaryon-
recessive” mutant phenotype.  Crosses of fmf-1 with
the wild-type (fmf-1 x fmf+) are arrested in sexual
development, regardless of whether the mutant
participates in the cross as the male or female parent,
hence it is perithecium-dominant.  But fmf-1 x fmf+

crosses are fertile if the mutant nucleus is derived
from an [fmf-1 + fmf+] heterokaryon, thus it is
heterokaryon-recessive.  Both components of the [fmf-
1 + fmf+] heterokaryon have to be of the same mating
type because mating type heterokaryon
incompatibility confers inviability to vegetative mycelia
that contain both mat A and mat a.  The helper-1 strain
(genotype am1 ad-3B cyh-1) contains fmf-1+, and the
inactive am1 allele of mat a that does not trigger mating
type heterokaryon incompatibility, but makes it a
passive partner when the heterokaryon is used as a
parent in a cross. Only the nuclei of the active partner
participate in karyogamy and the production of sexual
progeny. Unsurprisingly, [helper-1 + fmf-1] x fmf+

crosses were fertile, but we found that [helper-1 + fmf-
1 A] x [helper-1 + fmf-1 a] crosses also were blocked
in perithecial development, which suggested that
FMF-1 has an additional ascus-autonomous function
that is not fulfilled by protein from the parental mycelia.
The tol (tolerant) mutation suppresses mating type
heterokaryon incompatibility, and heterokaryons of
genotype [(fmf+; tol A) + (fmf-1; tol a)] were “self-fertile”,
whereas [(fmf-1; tol A) + (fmf-1; tol a)] heterokaryons
were “self-sterile”. This suggested that mating type
heterokaryon incompatibility prevents the diffusion of
FMF-1 protein between the parental mat A and mat a
mycelia. This can account for the “perithecium-
dominant” fmf-1mutant phenotype.

D P Kasbekar

Gram-negative strain and normal output format. While
23% proteins were membrane and membrane-
associated proteins, 51% were cytosolic proteins, but
the location for a large number of proteins (26%) could
not be assigned. Some of these proteins have multiple

localization sites such as cytoplasm membrane, outer
membrane, etc. The occurrence of non-membrane
proteins in the membrane fractions obtained by different
methodologies was a very commonly encountered
problem as was observed in other bacterial species.
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We mapped the fmf-1 mutation to the 3’ splice
acceptor signal of a putative intron in the NCU 09387.1
gene, showed that fmf-1 did not complement a NCU
09387.1 deletion mutation, and that transformation
with wild-type NCU 09387.1 complemented fmf-1,
thus identifying NCU 09387.1 as fmf-1+.  NCU 09387.1
is the orthologue of Schizosaccharomyces pombe
ste11, suggesting that fmf-1 and ste11 might share
similar functions.  Ste11p is a transcription factor that
regulates sexual development and is required for
mating pheromone signaling in both matP and matM
cells.  Based on these findings, we propose that FMF-
1 also might be required for the synthesis and
secretion of mating pheromones by Neurospora
conidia (male cells) and for the expression of mating
pheromone receptors by protoperithecial trichogynes
(female cells). Conidial trichogyne attractants are
mating type-specific.  Consequently, in an fmf-1 x fmf+

cross, the fmf-1 trichogynes would fail to express
receptors for pheromone produced by the fmf+

conidia, and fmf-1 conidia would fail to express the
pheromone to signal to the fmf+ trichogynes.  This
would cause both fmf-1 and fmf+ perithecia to remain
unfertilized, and their development would be arrested
at the same stage regardless of whether the mutant
participated in the cross as the male or female parent.
The only published report on the fmf-1 mutant prior
to this work had been published (in Genetics) in 1979,
therefore it is gratifying that we cracked a mystery
that had remained unsolved for at least 29 years.

The fmf-1 gene might be usable to develop a simple
assay for RIP if we can target the insertion of

transforming fmf-1 DNA into a site arbitrarily close to
the fmf-1 locus. In this way we will obtain a tandem
(or closely linked) duplication of fmf-1 (i.e., fmf+
Dp(fmf)).  RIP-inactivation of the only fmf+ allele in a
fmf+ Dp(fmf); tol x fmf-1; tol  cross, is expected to occur
with  almost 100% efficiency because the efficiency
of RIP is known to be ~100% in closely linked
duplicated sequences. Consequently, most asci in this
cross would be defective for the ascus-autonomous
function of FMF-1 and no (or very few) ascospores
would be produced.  However, if the asci have not
undergone RIP, say because of the presence of a
dominant RIP suppressor in one parent, then the fmf+
allele would not be inactivated and the cross should
be productive.  If the fmf-1; tol parent is from a cross
parented by a dominant RIP-suppressor wild isolate,
then only the matings of fmf+ Dp(fmf); tol with the fmf-
1; tol  segregants that received the RIP suppressor
gene(s) from the wild parent would produce large
numbers of ascospores, whereas the matings of fmf+
Dp(fmf); tol with fmf-1; tol  segregants that did not
receive the suppressor would produce few or no
ascospores.  Since the suppressor segregants will be
identified based simply on ascospore productivity it
would be simple to screen a large number of f1
progeny (e.g., >200) for the suppressor phenotype
and thereby obtain “bulked segregants” that are
enriched for the wild isolate alleles of RFLP markers
linked to the suppressor locus. DNA from the bulked
segregant populations can then be used in additional
mapping procedures to identify the genomic segments
that contain the suppressor.
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1. Role of Tyrosine Kinase Ephb4 in the wnt Pathway and its Significance
in the Development of Colon Cancer

B Ravikiran, Mahesh G Sahare, M Amarnath, Lekha
Dinesh Kumar (In collaboration with Prof. Alan Clarke,
Cardiff University, UK and Dr. Jayasree, K, Regional Cancer
Centre, Trivandrum)

I. Background and importance:

Colorectal Cancer (CRC) is one of the major causes
of cancer deaths world wide, while in India out of 1.5
million cases of cancer diagnosed per year, CRC is
the fourth largest killer next to breast cancer. It is
expected to double by 2020 in the country, because
of changing life style, industrialization, and adulteration
of foods. Therapeutic treatments like surgical removal
and chemotherapy have not been successful to cure
this scourge. With the available murine models for this
complicated disease coupled with the advent of new
technological breakthrough like RNA interference and
nanotechnology, it should be possible for developing
appropriate candidate siRNA as a powerful, novel and
plausible drug against cancer.

The wnt cascade is the single most dominant force in
controlling cell fate along the crypt-villus axis in the
small intestine. Wnt signaling pathway plays a central
role in controlling the fate of cell movement in the
intestinal epithelium (Clarke et.al 2006). The key event
in this signaling pathway is the stabilization of β-
catenin and its interaction with TCF transcription
factors within the nucleus. Cytosolic levels of β-catenin
are tightly regulated. In the absence of wnt signals, a
complex of proteins including APC, axin, and GKS3
phosphorylates β-catenin, resulting in its ubiquitination
and degradation by the proteasome. Signaling by wnt
factors blocks the activity of the destruction complex
and prevents it from phosphorylating β-catenin.
Mutational inactivation or loss of of APC gene also

was found to have the same effect. Hence β-catenin
is stabilized and travels to the nucleus where it
interacts with TCF transcription factors to drive the
transcription of target genes. It is likely that a number
of downstream targets of these mutated genes are
actually responsible for the proliferative advantage and
survival of the cells that give rise to colorectal tumors.
Identification of these downstream targets may help
in the development of better strategies for
management of colorectal neoplasia.

II. Work initiated during the year:
Our earlier results on microarray analysis of Apc flx/
flx mice revealed an upregulation of tyrosine kinase
Ephb4. This upregulation was further investigated with
its role in the wnt pathway. Mouse full length EphB4
cDNA (4.2kb) was cloned into pZeroblunt vector using
high fidelity RT-PCR. These were characterized by
sequencing and correctly oriented clones were
subcloned to villin and cyp 1A1 expression vectors
for overexpression and misexpression in murine
transgenics. Transgene mouse models are being
created by pronuclear injections.

The role of Ephb4 in the wnt pathway was assessed
using a series of mutant wnt pathway components with
respect to its capacity of inducing the pathway in HEK
293 cells in conjunction with Ephb4 full-length cDNA.
The induction of the wnt pathway at every level even
after 72 hrs showed that EphB4 is an inducer of the
pathway. Similarly Ephb4 shRNA was cloned to pCNA
3.1 and used to bring down the wnt induced condition.
This human Ephb4 shRNA could shut down the wnt
pathway at all levels, showing that Ephb4 shRNA could
alone control the induced wnt pathway. Thus Ephb4
is shown to be a TCF inducer of the wnt pathway.

Lekha Dinesh Kumar
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2. Micro RNA Profiling in Colon and Breast Cancer

Khushwant Singh, Shrish Tiwari, Ravi Kiran, Lekha
Dinesh Kumar (In collaboration with Dr. Jayasree and
Dr. Rekha Nair, Regional Cancer Centre, Trivandrum)

I. Background and importance:

Although much has been learned about the early
stages of tumorigenesis using mouse models, we know
little about the molecular and cellular mechanisms of
angiogenesis, invasion and metastasis. The use of RNA
interference for inhibiting gene expression represents
a powerful tool for exploring gene function, validating
drug targets, and treating human diseases, which
cannot be cured by conventional therapies

OncomiRs, non-coding microRNAs, are associated
with a large number of cancers. Consequently
impaired miRNA expression is implicated in various
tumours. This class of novel non-coding RNAs or
microRNAs is expected to eventually identify
previously unappreciated tumour suppressors and
oncogenes and also address many questions about
the origin, development and progression of colorectal
neoplasia. Many studies have shown a deregulation
with respect to the expression of these small RNAs in
many tumours. It is imperative to know the expression
profile of microRNAs, which would help us to classify,
and associate the miRNAs with different stages and
grades of tumours so as to develop them as novel
biomarkers of various cancers. Thus the expression
profiles could be used for classification, prognosis and
diagnosis of human malignancies

We envisage adopting a multidisciplinary approach
consisting of in silico, in vitro and in vivo studies for the
classification, diagnosis and prognosis of mammary
and colon tumours using these identified novel
molecules. Since the wnt pathway is deregulated in
both colon as well as mammary tumours, the wnt
pathway genes harbouring miRNAs are of significance
in both malignancies. This would also open the
possibility of using these small RNA molecules for the
prognosis, diagnosis and treatment of cancer in future.

II. Work done during the year:

The signal transduction pathways such as wnt and
Jakstat have been implicated in the ontogeny of these
diseases. To investigate the association of OncomiRs,
if any, with these pathways, we started mining the
oncomirs associated with colon and breast cancer of
humans and mouse from the Sanger’s database
(miRbase). The targets for these identified oncomirs
were then located in the wnt and Jakstat pathway
genes using BLAST and their putative target sites
were identified in the 3′UTR of these genes using the
software miRanda (Fig.1). We found 42/172 human
16/167 mouse colon OncomiRs targeting the wnt
genes in the respective systems. Similarly 32/124
human and 15/150 mouse OncomiRs for breast
cancer were found to target Jakstat pathway. Further,
putative novel miRNAs involved in these pathways
are also being predicted using MIRscan and
Phylogenetic Shadowing. Taqman Low Density Arrays
(TLDA) was carried out using different stages of breast
cancer samples. We found a set of 3 microRNA
upregulated and 5 microRNAs downregulated whose
target is on the wnt pathway. However, similar analysis
with more no. of samples is required to confirm the
data. This would eventually also open the possibility
of using miRNA molecules for the prognosis,
diagnosis and treatment of cancer.

Fig.1: The up and down regulation of microRNAs in the
pre-invasive human breast cancer samples.
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1. Functional Analysis of Argonaute 2 Genes in Mouse

P Chandra Shekar, Partha Sarathi, Jomini Liza Stephan,
Satish Kumar

A continuing programme: CCMB Annual Report
2006-2007, pages, 76-77.

I. Background, importance and work done
earlier:

Members of Argonaute gene family are known to play
a pivotal role in maintenance of stem cells and their
differentiation. Argonaute 2 (Ago2) is a key component
of RISC (RNA Induced Silencing Complex) and the
catalytic engine of RNAi. To understand the role of
Ago2 gene in maintenance and differentiation of
embryonic stem (ES) cells, we had earlier reported
generation of embryonic stem cell lines conditionally
targeted for the Ago2 gene. Ago2-deficient ES cells
were defective in siRNA-mediated gene silencing as
shown by luciferase assay. Ago2-deficient cells were
studied for any possible defects in maintenance of
stemness and/or differentiation.

II. Work done during the year:

Ago2-deficient cells were cultured for more than 30
passages without any difference in the morphology
or loss of stem cell markers such as Oct4, Nanog
and SSEA-1 (Fig 1A-J). Interestingly, we found that
the Oct4 transcript levels increased two fold in the
Ago2-deficient ES cells (Fig 1D). Wild-type and Ago2-
deficient ES cells were plated at 1000 cells /10cm2

and analysed for alkaline phosphatase activity after
5 days in culture. There was no difference in alkaline
phosphatase staining between Ago2-deficient
ES cell colonies (~92%) and wild type colonies (93%).

The differentiation potential of Ago2-deficient ES
cells was studied by making teratomas and embryoid
bodies. Ago2-deficient ES cells formed teratomas
when injected subcutaneously into nude mice; the
growth rate of the teratomas from Ago2-deficient ES
cells was not different from that of teratomas from the

Satish Kumar

Fig.1: Ago2-deficient ES cells retain all the characters of ES cells. Wild type (A) and Ago2-deficient (B) ES cells don’t show
any significant morphological differences even after culturing for more than 30 passages. Ago2-deficient ES cells express Nanog
(C). Ago2 transcript levels have doubled in Ago2-deficient ES cells (D). Ago2-deficient ES cells also express SSEA-1 (H-J) typical
of wild type ES cells (E-G).
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wild type ES cells. Ago2-deficient ES cells
differentiated into all the three germ layer
lineages during embryoid body formation
(Fig.2A). Interestingly, we found that the growth
rate of embryoid bodies from the Ago2-
defecient ES cells was significantly slower than
that of the wild type (Fig.2B). Moreover, the
appearance of translucent cyst out-growths was
observed in the wild type embryoid bodies
from the 10th day, whereas it was delayed  by
at least 1 day in the case of Ago2-deficient
embryoid bodies (Fig.2C).

Some microRNAs, known to be expressed only in
ES cells, have been predicted to have a role either in
stem cell maintenance or in their differentiation. We
observed a drastic reduction in the levels of the mature
microRNA in the Ago2-deficient ES cells (Fig.2D).
Reduced levels of microRNA were seen in both ES
cell-specific microRNAs and non-ES cell-specific
microRNAs. The early differentiation of ES cells may
not be significantly affected as these cells can form
all the three germ layers. Ago2 may be dispensable
for the maintenance of ES cells but the loss of Ago2
may affect their differentiation into embryoid bodies.

Fig.2: Ago2-deficient ES cells can differentiate but they are defective in siRNA pathway and biogenesis of mature microRNA:
Ago2-deficient ES cells can give rise to three germ layers (A). Growth rate of the Ago2-deficient embryoid bodies is significantly
lower in comparison to that of wild type (B). Unlike the wild type embryoid bodies which form cysts at day 10, in Ago2-deficient
embryoid bodies cysts are not observable at day 10 (C). Ago2-deficient ES cells have significantly reduced levels of mature
microRNA implying that biogenesis of microRNA is affected (D).
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2. Structural and Functional Analysis of Casein Gene Expression
Neighborhood

K Suneesh, Anju Nair, D Parthasarathi, Jomini Liza
Stephen, Satish Kumar

A continuing programme; Ref: The CCMB Annual Report
2005-06, Pages, 72-73.

I. Background, importance and work done
earlier:

Expression of the casein genes (namely, α, β, γ, δ
and κ) is controlled by a common mechanism
that involves the action of hormones presumably
acting on the regulatory sequences associated with
these genes. But the spatial colinearity and the
temporal co-expression of these genes points to
the probable existence of co-regulatory modules for
these genes in its neighborhood.

To study the effect of neighborhood on the
expression of caseins, we planned to make an
inversion in the casein locus using Cre- loxp-
mediated recombination system on mouse
chromosome 5 spanning 434 kb starting from
upstream of κ-casein, resulting in the displacement
of κ-casein gene. We had earlier reported the
targeting of a loxP-Neo-lox P cassette upstream
of κ-casein as the first step towards the proposed
inversion.

II. Work done during the year:

We continued the 5′ targeting experiment in order to
get sufficient number of targeted clones and obtained
two additional targeted clones. Two 5′ targeted clones
were karyotyped. Of these, one had a normal karyotype
(2n=40). The Neomycin cassette from this clone was
removed by transient expression of Cre recombinase
in the targeted cell. One hundred clones were picked
from this experiment and 20 of these were susceptible
to G418. Out of these, six clones were karyotyped and
four had normal karyotype. Neo gene removal was
confirmed by both southern and PCR analysis. One of
these clones, G2 was injected into C57BL/6J
blastocysts, giving rise to four male chimeras. One of
the male chimeras transmitted the mutation (Fig.1).
Phenotypic analysis of the mutation is under progress.
In order to target the second loxP-Neo-loxP cassette,
434 kb downstream of the first cassette κ-casein, G2
clone was further electroporated with the 3′ targeting
vector. Three targeting experiments were performed
and we have screened 400 clones by Southern
screening for the targeting event. Three targeted clones
have been identified in these experiments. Further
characterisation of the targeted clones is in progress.

Fig.1: Germline transmission from chimera 3 obtained by injecting clone G2 into C57BL/6J
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3. Construction and Characterization of Buffalo BAC Libraries

bp, mapped to a single locus on the cow genome)
and further analyzed using in-house perl scripts. The
salient results of the analysis are presented below-

Although the number of clones sequenced was small
and unique hits still smaller, all cow chromosomes are
represented, indicating that the BAC libraries cover
most of the buffalo genome (Fig.1). Of 1318 mate-pairs
with unique hits, 1126 had the 5′ and 3′ reads on the
same chromosome, same orientation and same contig
in cow. For the remaining 192 mate pairs, 65 clones
had either the 5′ or the 3′ read on the unmapped portion
of the cow genome, which may be helpful in mapping
contigs in the unknown portion in cow to their actual
chromosomal locations. In at least 48 cases, the 5′ and
3′ reads were located on different chromosomes in cow
and may represent translocations. 52 clones had 5′
and 3′ reads in the same chromosome but in opposite
orientation and may represent possible inversions.

Vipin Singh, Satish Kumar

A new programme

I. Background:

Notwithstanding the importance of buffaloes in Asian
countries, particularly in India, the efforts for creation
of genomic resources for this species have been
meager and fragmented. Unlike in other species,
there has been a general lack of concerted
international efforts for the development and
utilisation of modern genomics tools for genetic
improvement of buffalo. As a first step for whole
genome sequencing of this species, we have
constructed two BAC genomic libraries.

II. Work done during the year:

High molecular weight DNA was prepared from blood
of a Murrah male, maintained at the National Dairy
Research Institute, Karnal. Two BAC genomic libraries
were prepared after digesting this DNA with HindIII
or MboI. Average insert sizes were estimated to be
~150 kb. A total of 2304 BAC inserts were sequenced
from ends, resulting in 2179 5′ and 2257 3′ reads.
Thirty eight of the 5′ and 39 3′ reads had sequences
less than 100 bp in length and were not further
analysed. Thus, a total of 2141 5′ reads (average
length 706 bp) and 2218 3′ reads (average length
736 bp) were used to have a first glimpse into the
buffalo genome sequence. The sequences were
RepeatMasked using a cow repeat library. Of the 5′
reads 1552 clones had at least 100 bp of contiguous
non-repeat sequence and, of these, 432 clones had
no repeats at all. Similarly, for 3′ reads, 1603 clones
had at least 100 bp of contiguous non-repeat
sequence and of these, 431 clones had no repeats.
Eighty seven mate pairs had no repeat content and
1126 mate pairs had a contiguous non-repeat
sequence greater than 100 bp. For comparative
analysis, we BLASTed the buffalo BAC end reads
against the Bos taurus4 (cow) assembly and picked
up unique hits (a sequence stretch, not less than 40

Fig.1: Chromosomal distribution of buffalo BAC end
reads (unique) in the cow genome. All cow chromosomes
are represented. There is a clear skew towards the Un
(Unknown - unmapped) region of the cow genome.

To find overlapping BAC clones, we ensured that the
3′ end read of the first clone was on the same
chromosome, same contig and same orientation as
the 5′ end read of the second clone on alignment in
cow, and the 5′ read was not greater than 120 kb
upstream of the the 3′ read, since the average insert
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size for the library is 150 kb. 82 clones were found to
be overlapping. The extent of overlap ranged from
514 bp to 112402 bp.

We are currently analyzing the sequence data to
find buffalo-specific repeats. Each sequence is
pair-wise aligned to all other sequences and the

maximum stretch of overlap  (not less than 100 bp)
is then picked up and RepeatMasked using
the cow repeat library. If such a sequence is not
annotated as a known repeat by RepeatMasker, and
redundancy of clones be ruled out, we will be
able to identify buffalo-specific repeats.

K C Majumdar

1. Transgenics and Aquaculture

P Geeta, K Lavanya, K Mishra, K Ravinder, Tilakram
Shreshta, N Uma Maheswari, K C Majumdar

A continuing programme; Ref: the CCMB Annual Report

for 2006-2007, pages, 79-81.

I. Background and importance:

In aquaculture industry, growth enhancement is the
primary objective. There are two components which
play major role in growth enhancement of a species:
inherent genetic component and husbandry practice.
The second component is related to health and
nutritional requirements of a species. For several years,
we have been engaged in these two areas of
aquaculture. To enhance growth we took the transgenic
approach where chimeric autotransgene with
constitutive promoter and growth hormone gene was
introduced into Labeo rohita. The autotransgenic fishes
showed 2-3 times higher growth in the Fo generation.
Similar techniques are now used to enhance growth
of other commercially important species. Recently, we
initiated a programme to developing species-specific
DNA vaccine constructs to combat common bacterial
diseases of aquaculture species.

II. Work done earlier:

(1) Labeo rohita with autotransgene with histone 3
promoter and growth hormone CDS along with 3’
regulatory regions showed 2-3 times higher growth
and were bred to obtain homozygous stock. (2) To
engineer chimeric autotransgene for enhancing
growth in Channa striatus, the growth hormone gene
from both pituitary and genomic sources has been
isolated. (3) To determine its function, WDR13 gene
from Indian catfish, Heteropneustes fossilis was

isolated and characterized. (4) Similarly, Na+-K+

ATPase gene CDS was isolated from the black tiger
prawn Peneaus monodon to determine its role in
adaptation in salt water environment.

III. Work done during the year:

1. Breeding of autotransgenic L. rohita

The progeny obtained by crossing transgenic Rohu are
now growing. The growth data and the status of the
autotransgene will be done in this breeding season.

2. Growth hormone gene manipulation in
Channa striatus

Previously, we have analysed the cDNA and the total
growth hormone gene of C. striatus by PCR based
techniques. Southern analysis of the same population
of C. striatus shows restriction enzyme-specific
hybridization. When different populations of C. striatus
were used for Southern analysis, two individuals from
Hyderabad population showed polymorphism with
respect to XbaI digestion. To determine the transcript
size of the GH gene, northern analysis was done on
the total RNA isolated from the pituitary. A single
hybridization signal ~ 900 b was seen which matched
with the RACE data. The Southern and Northern data
confirm that GH gene in this species is a single copy
gene.

Recombinant GH protein of C. striatus is expressed in
E. coli. The cDNA of GH excluding 51 bp representing
the signal peptide sequence from the 5′ end was cloned
in the pET vector. The cells were induced by IPTG.
SDS PAGE analysis showed a protein of 21 kDa after
induction for 3 hrs. This protein is being characterized.
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3. WDR13 gene in Indian catfish

The WDR13 gene of Indian catfish, Heteropneustes
fossilis has 10 exons and nine introns. Amplification
of total CDS of WDR 13 from brain tissue yielded two
products of 1.5 and 1.3 kb size. Sequencing data show
that the shorter transcript has a deletion of 200 bp.
Such type of alternate splicing is called as cassette
exon and is known to be tissue-specific. To determine
tissue-specific splicing, poly A+ RNA was isolated from
the brain, pituitary, heart, liver, stomach, intestine,
kidney, muscle, fat, ovary, testis and was subjected
to RTPCR to amplify CDS of WDR13. In all the tissues
both the transcripts (1.5 and 1.3 kb) were present,
although the quantity of 1.5 kb transcripts was much
higher than that of the 1.3 kb transcript. On the other
hand, the quantity of the 1.3 kb transcript was the
same in the brain, pituitary, and ovary and very low in
other tissues. We are planning quantitative PCR to
determine the exact quantity of these transcripts in
different tissues.

To determine the developmental stage-specific
expression of WDR13 gene, H. fossilis samples were
collected from different stages of development
(unfertilized eggs, fertilized eggs, embryos at different
time after fertilization, i.e., 4, 10, 18, 24, 36, 48, 72
hrs, then 4th and 7th days). PCR amplification of CDS
of WDR13 shows that both 1.5 kb and 1.3 kb
transcripts are present in all the stages and the

quantity of 1.5 kb transcript is very high in comparison
to the smaller transcript. Interestingly, in unfertilized
eggs too both the transcripts are present indicating
their maternal origin.

4. Salt responsive gene in tiger shrimp,
Penaeus monodon

Previously, we have cloned the cDNA of Na+K+ ATPase
gene. Southern analysis indicated that this is a single
copy gene of ~ 5-6 kb. To identify the total gene we
followed a PCR-based approach. The cDNA part of
the P. monodon Na+K+ ATPase gene was aligned to
the genomic sequence of Drosophila melanogaster
Na+K+ ATPase. Several primers were designed from
the exonic region and used to amplify DNA sequences
from P. monodon. These fragments were cloned and
aligned to obtain the total gene of P. monodon. The
gene is ~ 5 kb in size with 6 exons and 5 introns with
5′ and 3′ UTR with 307 and 791 bp respectively. The
exon length varies between 102 and 1250 bp,
whereas the introns vary between 123 to 187 bp.

Northern analysis of the total RNA isolated from the
larvae of P. monodon showed two fragments of 4.4
and 3.9 kb in length. These fragments were cloned
and their sequence analysis showed that the shorter
fragment did not possess ~ 400 bp of the 3′ UTR
region. This confirms our previous observation for the
presence of two transcripts from RACE data.

Annual Report 2007-2008 73



1. Genome, Chromatin and Regulation of Genetic Information

M Anitha, S Datta, S Krishnan, Abhishek Kulkarni, Ram P
Kumar, Senthil Kumar, Navneet Kaur Matharu, Rashmi U
Pathak, K Satish, Jyotsna Singh, Narendra P Singh, A
Srinivasan, Hina Sultana, D Vasanthi, Rakesh K Mishra

A continuing programme; Ref. The CCMB Annual Report
for 2006-07, Page, 81-83.

I. Background:

Packaging of genomic DNA has regulatory
consequence on expression of genes during
development. This level of regulation is based on
chromatin structure in which organization of coding
and non-coding elements of the genome plays an
important role. One of the best examples of such a
regulatory system are the Hox clusters that show a
colinearity of the expression pattern and the
arrangement of the genes within the cluster, a feature
known to be conserved in bilaterians. Several
studies suggest that chromatin domain boundary
elements, the topologically independent structural
unit of higher order chromatin organization, and cellular
memory elements that maintain the expression state
of genes by means of chromatin structure regulate the
expression of homeotic genes. Such epigenetic
regulatory mechanisms control genes at large number
of loci in the eukaryotic genome and have been found
to be conserved during evolution.

II. Work done during the year:

1. Regulation of homeotic gene clusters and
chromatin organization

Cellular memory or Polycomb response elements
(PREs) play a key role in the chromatin-mediated
regulation of the expression of Hox genes in the
bithorax complex of Drosophila. PcG and trxG proteins
bind to these PREs and maintain repressed or active
expression states. reptin and pontin are two new
components of PcG and trxG complexes, respectively.
However, whether these new members affect function
of a PRE in vivo was not known. We show here that
rept and pont mutations have effect on iab-7 PRE.
mini-white gene is derepressed by the rept mutation,
while the mutation of pont results in increased

silencing of mini-white gene in iab-7 PRE context
(Fig.1). We also noticed that rept mutation along with
Pc mutation disrupts pairing sensitive silencing. These
genetic interactions of rept and pont are direct as we
found that these proteins colocalize with the iab-7
PRE. These observations suggest that rept and pont
are two antagonistic factors that help in maintenance
of transcriptional state during development.

Rakesh K Mishra

2. Nuclear architecture and chromatin organization

Proper gene regulation is dependent on large number
of regulatory elements. Boundary elements are a class
of elements that do not allow cross talk between
regulatory elements of neighboring genes and are
important for proper gene regulation. We have identified
a new boundary element on the fourth chromosome
of Drosophila melanogaster which separates two
differentially expressing genes myoglianin and eyeless.
myoglianin is predominantly expressed in the muscle
tissue, whereas eyeless is predominantly expressed

Fig.1: pont and rept regulate PRE-controlled gene expression
expression of mw under the control of the iab-7 PRE was
measured by eye pigment quantitation in flies. mw expression
was compared in context of different mutations: pont, rept, Asx,
or Asx and rept showing an increase in silencing of mw by the
PRE upon mutation of pont or a loss of silencing upon mutation
of rept, Asx, or Asx and rept.
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in the central nervous system and the eye. Taking a
transgenic approach we showed that this intergenic
region acts as a boundary both in the embryonic and
adult stages and that the boundary function is

Fig.2: Transgenic line carrying the intergenic fragment between the enhancer and promoter of the white gene, which codes for red
eye color. The boundary element placed between the enhancer and a promoter hinders the enhancer-promoter interaction, resulting
into a lighter eye color (left panel). When the boundary fragment is flipped out the eye color becomes darker (right panel) at the
same site of insertion, establishing the fact that the light eye color is due to the presence of the boundary and not due to any
position effect.

dependent on several proteins (Figure 2). By
biochemical and genetic means we identified BEAF
and TRL as the major trans-interactors responsible for
the boundary function of this element.

S Krishnan, Senthil Kumar, A Srinivasan, Rakesh K Mishra

A continuing programme; Ref. The CCMB Annual Report
for 2006-2007, Page 83.

I. Background:

Evolution of complexity in animals is based less on

the acquisition of new genes and more on the complex

regulation of preexisting genes. We suggest that a

part of non-coding DNA carries the ‘packaging code’

required for chromatinization of the genome. Taking

conservation as an indicator of functional significance

of a DNA sequence, we carried out comparative and

functional genomics of the non-coding part of the

genome. Our aim was to analyze such sequences in

the genomic context to identify novel elements that

function by programming the genomic packaging.

2. Comparative Genomics of Non-coding DNA

II. Work done during the year:

1. Genome-wide prediction of chromatin
domain boundary elements in Drosophila

Chromatin domain boundary or insulator elements

prevent inappropriate interaction between promoters

and their adjacent enhancers in the genome, and

further they protect genes from inadvertent silencing

effects of nearby repressive environment. Given their

wide role, it is expected that genomes must have large

number of boundary elements to ensure proper gene

expression. Till date, however, in Drosophila only a

few boundary elements are known and even fewer

such elements have been characterized in other

organisms including plants and mammals.
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To identify boundaries at genome wide scale, we used
a bioinformatics approach. We developed a PERL
program for boundary prediction, based on the
recognition motifs by the proteins that are known to
interact with boundary elements. We used several
parameters to validate the predicted boundaries.
Since boundary elements can separate
transcriptionally active and silent chromatin domains,
we checked if our program predicts boundaries at the

borders of silent chromatin domains that are marked
by Polycomb group proteins and associated histone
modification, H3K27me3, using publically available
ChIP-chip data (Fig.1 a&b). Such studies allow us to
conclude that large number of boundary elements,
which are likely to function in Drosophila, can be
predicted by this bioinformatics approach. Presently,
we are testing the predicted boundary elements in
experimental assay systems.

 a b

2. Boundary elements that mark
Heterochromatin-Euchromatin (HE)
transition regions in human chromosomes

Chromosomes of higher eukaryotes are
organized into structurally and functionally discrete
domains, namely heterochromatin and euchromatin.
Boundary elements that may separate such
domains and block the spread of repressive
heterochromatin into adjacent euchromatin,
however, are not known. In our search to identify the

Fig. 1: Predicted boundary elements mark the borders of Polycomb repressive domains. Analysis shown is of (a) 3R (17.3 -
17.41Mb) region and (b) 3L (20.53-20.65Mb) region of Drosophila genome. The upper panels in the figures show predicted
boundaries and annotated gene transcripts with scale. The lower panels in the figures show the binding profiles for H3K27me3,
PC, PSC and E(Z) proteins which are essentially reproduced from the published Chip-chip data (Schwartz YB et al, Nat Genet.
2006 Jun;38(6):700-5).

features that may be associated with such boundary
elements, we analyzed heterochromatin-euchromatin
transition regions on human Y chromosome using type
III satellite and DYZ19 repeat as landmarks. We
discovered small sequence HE motifs of 20-50 bp
length. In the whole genome context, these motifs
occur only at heterochromatin-euchromatin transition
regions (Fig.2a). When 10Kb DNA flanking the HE
motifs were analyzed, we noticed remarkable
conservation of the repeat pattern (Fig.2b).
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A similar study using alpha satellites as landmarks
resulted in HE motifs of 20bp to 1Kb size that occur
only at heterochromatin-euchromatin transition
regions and these motifs too show a conserved repeat

pattern at different loci (Fig.3). We found that some of
these HE motifs show enhancer blocking activity in
human cell lines in culture assays, indicating their
potential to function as HE boundary.

Fig.3: Whole genome view of HE-Pal1 motif. Analysis of Heterochromatin-Euchromatin transitions using alpha satellite sequences
as landmark led to identification of many sequence patterns motifs, including HE-Pal1 (a palindromic motif). This motif is present
at may location and always maps to the Heterochromatin-Euchromatin transition regions.

Fig.2a: Analysis using GGAAT repeat on short arm of human
Y chromosome resulted in HE1 motif, which always occur at
Heterochromatin-Euchromatin transition regions on the other
chromosomes.

Fig.2b: Repeat pattern environment flanking the HE1 motif
(represented by the yellow line). The pattern to the left of the
HE1 shows very high degree of conservation. The colored
boxes represent different types of repeats.
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1. Host-defense Peptides
A Sharadadevi, C Sivakamasundari, E Bikshapathy,
V Krishnakumari, R Nagaraj

A continuing programme; Ref: CCMB Annual Report for
2006-07, Page, 84.

I. Background, importance and work done
earlier:

Peptides are important and crucial components of
innate immunity in species across the evolutionary
scale. Our efforts in recent years have been directed
towards delineation of structure-activity relationships
in defensins and other membrane-active peptides.

The folding profiles of defensins during oxidation of
the reduced forms were investigated by experimental
and theoretical methods. It was observed that all
theoretical combinations of β-defensins are indeed
formed on oxidation. It was also demonstrated by
experimental and theoretical methods that the native
disulfide motifs in a and b defensins are not necessary
for antibacterial activity.

Structure-function relationships indicated that the C-
terminal segments composed of ~18 residues of
human β-defensins 1-3, constrained by a single
disulfide bridge as well as cross-linked dimers
exhibited antimicrobial activities. The peptides
also proved to be useful models to delineate the
mechanism of inactivation of antimicrobial activity at
physiological salt concentrations. In-depth
investigations indicated that the salt inactivation
arises as a result of modulation of the membrane
potential across the inner membrane in gram-negative
bacteria. In the case of α-defensins from neutrophils,
it was observed that linear variants without cysteines
exhibited antibacterial activity, indicating that the
cysteines were not essential for activity.

We have identified 18-residue amphipathic peptide
segments in proteins whose average hydrophobic
moment and average hydrophobicity would render

them highly surface-active.  These peptides exhibit
varying degrees of model-membrane activity and also
show antibacterial and/or hemolytic activities.  Our
analysis has generated a large repertorie of 18-residue
amphipathic peptides with a wide range of biophysical
properties that would aid in the investigation of various
facets of peptide-membrane interactions.

II. Work done during the year:

1. Bioinformatic analysis of defensin sequences:
An approach to study disulfide connectivities
in defensins in promoting folding

Defensins are classified as α or β based on their disulfide
connectivities. The cysteine spacing and disulfide
connectivities in α and β defensins are as follows:

α C1-(1)-C2-(4)-C3-(9)-C4-(9)-C5C6

β C1-(6)-C2-(4)-C3-(9)-C4-(6)-C5C6

The disulfide connectivities are C1-C6, C2-C4, C3-
C5 in the α-form and C1-C5, C2-C4, C3-C6 in the β-
form.  The numbers in parentheses indicate number
of amino acids between cysteines.

The α and β-defensin sequences were analyzed for
preferences of amino acids with and without positional
restraints. The data are shown below:

Without positional restraint

ααααα-defensins

R  Nagaraj
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βββββ-defensins

The positional preferences for amino acids are
different in β-defensins as compared to α-defensins.
W occurs less frequently. No specific preference for
R is observed. There is a marked tendency for K to
occur in the C-terminal region. Unlike in α-defensins,
P occurs between C1-C3.

The positional variations of different amino acids could
be the reason for widely differing antimicrobial
spectrum observed in defensins.

A common structural feature in α- and β-defensins,
irrespective of the differences in the primary structure,
is the presence of β-strands in the C-terminal region
that have most of the cationic residues. This region
has been shown to be an important determinant of
antimicrobial activity. In order to determine the origin
of this motif, an algorithm was developed to extract
such β-strands from protein crystal structures.
Detailed analysis of β-strands with respect to various
parameters is in progress.

2. Human beta defensins HBD-1-3 and their C-
terminal analogs Phd1-3:  Comparison of
various aspects of their antifungal activity
against Candida albicans

In recent years, there has been considerable interest
on the antifungal activity of β-defensins, as Candida
albicans is responsible for causing oral candidiasis,
particularly in patients infected with HIV. HBD-1-3 have

α-Defensins are characterized by the absence or very
low proportion of the amino acid D. The occurrence
of G, I, L and Y is more as compared to that of other
amino acids. R occurs to a considerably greater extent
as compared to K. In β-defensins, the occurrence of
R and K is not very different unlike in α-defensins.
The occurrence of G is considerably greater than that
of the other amino acids.

With positional restraint

From the analysis, it is evident that there is
considerable positional preference for several amino
acids. The amino acid E shows strong preference to
occur between C1-C2. W also shows preference for
the C-terminal region. G shows marked preference
for the central region. Specific preferences are also
discernible for T, Y, L and Q.

Frequency of 20 amino acids spanning
C1-C6 in α-defensins

Frequency of 20 amino acids spanning
C1-C6 in β-defensins
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been detected in salivary glands and salivary
secretions. The killing of C. albicans by HBD-1 and 2
was salt-sensitive and energy-dependent. We have
shown that single disulfide peptides spanning the C-
terminal segments of HBD-1-3 exhibit antibacterial
activity. We have investigated the antifungal activity
of the C-terminal analogs against C. albicans and
compared the effect of salts and metabolic inhibitors
with HBD-1-3.

Peptides spanning the C-terminal segments of HBD-
1-3, Phd1-3 showed activity against C. albicans, but
with lower potency as compared to HBD-1-3.

The candidacidal activities of Phd1-3 and HBD-1-3
were examined in the presence of CCCP and sodium
azide at the lethal concentration (LC) of the peptides.
HBD-3 and analogs Phd1-3 were active in the
presence of sodium azide and CCCP, whereas HBD-
1 and HBD-2 were inactive. The results indicate that
HBD-3 and Phd1-3 kill C. albicans by energy
independent mechanisms unlike HBD-1 and HBD-2.

The effect of different concentrations of salts on the
candidacidal activity of   HBD-1-3 and Phd1-3 at their
LC was investigated. The results show that Phd1 and
2 exhibit activity at 25 mM NaCl unlike HBD-1 and
HBD-2 that are inactive. HBD-3 and Phd3 show
comparable activity at 25 mM NaCl. At 100 mM NaCl,
all peptides show very little activity. Phd1 and 2 show
considerably greater activity as compared to HBD-1
and 2 in the presence of 0.5 mM Ca2+ or Mg2+, whereas
HBD-3 and Phd3 showed comparable activities. At 5
mM CaCl2 concentration, Phd1 and 2 were inactive
like HBD-1 and 2, while HBD-3 exhibited greater
activity compared to Phd3.  Unlike the full-length
peptides HBD-1-3, Phd1 and 2 are active at 0.5 mM
MgCl2, while Phd3 was active even at 25 mM MgCl2.

The cellular localization of Phd1-3 in C. albicans
was investigated using CF-Phd1-3 by confocal
microscopy as shown in Fig.1. The cells exhibited
intense fluorescence on locations as indicated by

arrows in the panels showing fluorescence and
corresponding bright-field images. The data
indicate that the peptides are localized on the
membrane. A diffused intracellular staining pattern
was also observed, which confirms translocation of
the peptide into the cell. These cells also showed
intense propidium iodide (PI) staining indicating
membrane damage (PI- B, C, D). Control cells showed
negative staining for PI (panel A).

Fig.1: Confocal microscope images showing localization
of CF-Phd1-3 incubated with C. albicans. Cells were
treated with 50% LC of peptide and PI. Arrows in the panels
show membrane in the fluorescence (CF-peptide) and also in
the corresponding bright-field  (BF) image.  Key: A - Control
cells without peptide, B- CF-Phd1, C- CF-Phd2 and D- CF-
Phd3. Bar represents 5 µm.

Although Phd1-3 are less active as compared to HBD-
1-3, their activity is not lost in the presence of metabolic
inhibitors. Also, the activity is less salt-sensitive
unlike the parent peptides HBD-1 and 2. Hence, Phd1-
3 and possibly the C-terminal regions of other
defensins could be attractive candidates for
development as therapeutic agents as well as to
understand their mechanism of action.
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Gopal Pande

1. Integrin – Extra Cellular Matrix (ECM) Interactions in Cell Growth
Regulation

J Rajeswari, Renu Kapoor, K Siva Priya, T Avinash Raj, G
Srinivas, G Mahesh Kumar, Lakshmi Rao, Gopal Pande

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 88-89.

I. Background and work done earlier:

Our previous work has shown that rat fibroblast
cells undergo apoptotic cell death (also referred
to as anoikis) when they are deprived of adhesion
to the ECM. We have identified specific signaling
pathways that were activated during the late
and early stages of anoikis [Cell Biol. Intl.
26: 1043-1055 (2002), Cell Biol. Intl. 30: 963-969
(2006)]. Subsequently, we found that cells
undergoing anoikis exhibit tumorigenic properties
and under appropriate conditions, these cells can
survive indefinitely as tumor cells.

II. Work done during this year:

We studied and compared the properties of four
kinds of cells: (a) adherent rat fibroblasts (A cells);
(b) non-adherent rat fibroblasts undergoing anoikis
(NA cells); (c) NA cells grown in soft agar colonies
(CO cells); and (d) NA cells grown in the skin of
nude mice (TU cells). These cell types represent four
stages of cell transformation, which occurs during
the rescue of non-adherent cells from apoptotic cell
death. Our findings are as follows:

1. Non-adherent cells grown in semi-solid agar
under appropriate conditions grow as discrete
colonies comprising between 200-300 cells,
which look like transformed cells. No such growth
was seen when adherent cells were grown in
similar conditions. The cells grown in colonies
can be isolated and maintained as a cell line for
several passages after which they die.

2. NA cells when injected sub-cutaneously in nude
mice grow as solid tumors within 6 to 12 weeks,
whereas A cells do not found any tumors.
Histological analysis shows that these tumors
are of fibro sarcoma subtype, thus indicating their
fibroblastic origin.

3. During selection of transformed cells from the
NA phenotype, cells bearing two marker
chromosomes t (6:6) and t:(2;2) are enriched
indicating that the translocated 2 chromosome
is a tumor-associated chromosome.

4. RNA expression profile by microarray analysis
showed several interesting gene expression
profiles that indicate the involvement of hypoxia-
related growth genes, apoptosis suppression
genes and oncogenes in the transformation
process.

The above observations are significant because
they indicate the possibility of a general relationship
between apoptotic cell death and cellular
transformation in fibroblastic cells. We have also
done similar experiments with primary fibroblasts
isolated from fetal skin explants of the rat and
have found similar results, although these cells lack
tumor-forming potential. We have filed for a patent for
the use of this model in the study of cancer research
(Patent filing no. 0050NF2008 dt. 28-3-2008).

III. Future Plans:

We are interested in characterizing the association of
specific gene pathways and their regulatory networks
to find out the methods for suppressing tumors, which
are generated from adhesion deprivation.
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2. Study of Bone Marrow Stem Cells from Rats and Mice and Human
Fetal Liver for Their Use in Hepatic Regenerative Medicine

Gopal Pande, M Subba Rao, T Avinash Raj,
G Srinivas (in collaboration with Md. Aleem Khan and C.M.
Habibullah, Owaisi Hospital, Kanchenbagh, Hyderabad)

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 89-90.

I. Background and work done earlier:

We have earlier shown the molecular properties of
side population (SA) cells from the mouse and the rat
bone marrow and also demonstrated the potential use
of these cells in establishing models of cell-based
therapies in mice and rats. During this year, we have
further characterized the quantitative and qualitative
aspects of the use of these cells in regenerative
therapy of liver diseases.

II. Work done during this year:

1. Identification of cell dosage of SP cells vs.
total bone marrow (TBM) cells

By injecting intra-hepatically different numbers of SP
cells and TBM cells in rats where the tissue has been
damaged by galactosamine injections, we have found
that complete biochemical and histological repair of
the liver tissues can be achieved by 1x104 SP cells,
whereas it requires 2x106 TBMCs to be the effective
course for the same purpose. Thus, SP cells are far
superior to TBMCs in inducing the repair of liver tissue
by the trans-differentiation process.

2. Use of magnetic resonance imaging (MRI) in
assessing cell-based therapy

We have extended our earlier studies in rats to the
severe combined immuno-deficiency (SCID)

mice models and assessed the improvement of
liver damage caused by carbon tetrachloride
and galactosamine by MRI using water content of
the liver tissue. Our results show that improvement
in the physiology of the liver can be clearly assessed
by this process. Thus, we have established a
methodology for a non-invasive method for the
assessment of liver damage.

3. Immunophenotyping of the EpCAM+ cells

We have characterized the Ep CAM+ cells of fetal
liver cells from different age groups (8 to 22
weeks) and have shown that these cells express
higher levels of stem cell markers between 12 to 16
weeks, but the expression of HLA-1,2 molecules
is negligible or very low. The co-expression of
several other regenerative markers of these cells
during this period makes them an important
source for cell transplantation in patients with
acutely damaged liver. Such transplantations
have been done in a limited clinical trial with
remarkable success. Our immunophenotyping
results using flow cytometry provide the scientific
basis for the use of these cells from fetal liver as a
source for establishing cell-based therapies.

III. Future plans:

We plan to further characterize the EpCAM+ cells in
terms of growth potential in vitro and expand them in
to large numbers for their effective use in developing
cell based therapies of human liver diseases.
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1. Nuclear Organisation: Functional Role of Nuclear Lamins

Bh Muralikrishna, Kaushlendra Tripathi, Ritika Gurung,
Pankaj Chaturvedi, Kirti Sinha, Fathima Akhtar, Poonam
Sehgal, S T Thanumalayan, Veena K Parnaik

A continuing programme; Ref: CCMB Annual Report for
2006-07, Pages, 91-93

I. Background and importance:

The lamins are components of the nuclear lamina and
play an important role in structural organisation within
the nucleus. Two major kinds of lamins are present in
higher eukaryotes. The B-type lamins are
constitutively expressed in all somatic cell types
whereas the expression of A-type lamins is restricted
to differentiated cells of most lineages. Lamins form
a filamentous meshwork underlying the inner nuclear
membrane that also extends throughout the
nucleoplasm. The lamin A gene is unusual as different
mutations in the human lamin A gene (LMNA) cause
at least 10 debilitating diseases, collectively termed
laminopathies, that affect specific tissues such as
skeletal muscle, cardiac muscle, adipose tissue and
bone, and also cause premature ageing or progeria
syndromes. Most of the mutations are missense
mutations that occur throughout the gene, though the
lipodystrophy mutations are clustered near the C-
terminus. A long-standing question in the field is how
do mutations in lamin A, which is expressed in nearly
all differentiated tissue types, cause several diseases,
most of which are tissue-specific. An emerging
concept is that lamins influence specific signalling
pathways by sequestration of key regulatory factors.
Our research is directed towards investigating the
functions of the lamins and the effects of disease-
causing mutations in lamin A.

II. Work done during the year:

1. Role of lamins in muscle differentiation

In a process that is unique to muscle cells, internal
lamins are rearranged during the early stages of
muscle differentiation to a uniform, diffuse pattern. As
differentiation proceeds, remodeling of the peripheral
lamina also occurs. A demonstration of muscle-

specific functions for lamin A has important
implications as the majority of mutations in the lamin
A gene cause Emery-Dreifuss muscular dystrophy
(EDMD). During muscle differentiation, there is an
upregulation of important regulatory factors such as
myogenin, p21 and cyclin D3. We have earlier
established that ectopically expressed nuclear cyclin
D3 induces lamin reorganisation in C2C12 myoblasts
but not in other cell types, and that the retinoblastoma
protein, pRb is essential for cyclin D3-mediated
reorganisation of lamins. We have demonstrated direct
binding interactions between lamin A and cyclin D3
by in vitro binding assays and co-immunoprecipitation
studies with muscle cells. The identification of cyclin
D3 as a novel binding partner of lamin A has important
implications for a role for lamin A in sequestration of
key components of the muscle differentiation pathway.
We are presently analysing the signalling pathways
triggered by cyclin D3 in muscle cells to gain insights
into the mechanism of lamin reorganisation, by using
a microarray approach. Since lipid-mediated DNA
transfection of cells is inefficient, we have optimised
the recombinant adenoviral pAdEasy System for
cyclin D3 gene delivery to achieve ~100% transfection
efficiency. Indirect immunofluorescence assays,
western blots and northern blots were performed to
confirm the expression patterns of cyclin D3, cell cycle
regulators and muscle regulatory factors. Mouse 15K
arrays were obtained from the Microarray Centre,
University Health Network, Toronto. RNA samples
from myoblasts and cyclin D3-expressing myoblasts
were analysed. Out of a total of 15,247 genes, 1,202
genes were differentially regulated by 1.5-fold and
these were analysed by online pathway analysis
programmes like Express Pathway. It was observed
that the MAP kinase pathway had the maximum
number of differentially expressed genes (44/253-
gene pathway). These results are consistent with
earlier reports of the role of MAP kinase signalling in
muscle cells. Further experiments are in progress to
validate the microarray data.

Veena K Parnaik
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In order to understand the effects of disease-causing
lamin A mutants, we have earlier constructed
missense mutations in lamin A by PCR-based
mutagenesis and cloned these constructs as fusions
with GFP. Wild-type GFP-lamin A assembled normally
at the nuclear periphery, whereas the muscular
dystrophy mutants G232E, Q294P and R386K
aberrantly assembled into nuclear aggregates. C2C12
myoblasts expressing wild-type GFP-lamin A
expressed the early differentiation markers myogenin
and cyclin D3 and differentiated normally. However,
these differentiation markers were undetectable in
cells expressing the EDMD mutants. Currently, studies
are in progress to analyse how lamin mutations affect
signalling pathways involved in muscle differentiation.
One possibility that is being investigated is that a key
muscle regulatory factor, MyoD might be misregulated
and thereby alter downstream gene expression.

2. Role of lamins in nuclear organisation

A number of studies suggest that lamins are important
for chromatin organisation, including in vitro binding
data, immunolocalisation of the lamina at the nuclear
periphery in close contact with chromatin, and
association of lamins with chromatin-binding proteins
such as barrier-to-autointegration factor (BAF) and
lamina-associated polypeptides (LAPs) like LAP2α.
This is further supported by evidence of abnormalities
in heterochromatin organisation in cells from
laminopathic patients, in particular subjects with
Hutchinson-Gilford progeria syndrome (HGPS), an
inherited disease arising from a splicing defect in
pre-lamin A, and those with mandibuloacral dysplasia
type A (MAD-A) due to a R527H mutation in LMNA.
We have examined the expression of heterochromatin
markers in HeLa cells expressing GFP-fused
constructs of wild-type lamin A, the rod domain EDMD
mutants G232E and Q294P, or the tail domain mutant
R482L which causes lipodystrophy. Mammalian HP1
exists in three isoforms, α, β and γ. HP1α and β are
present in heterochromatic regions and localize as
distinct foci in pericentric heterochromatin, whereas
HP1 γ has been detected in both euchromatin and

heterochromatin. As described in earlier studies,
wild-type GFP-lamin A and R482L were localised at
the nuclear periphery in a typical rim pattern in the
majority of cells, whereas G232E and Q294P
assembled aberrantly into aggregates in the
nucleoplasm. Cells expressing wild-type lamin A or
R482L displayed normal patterns of expression of
HP1α, β and γ. Interestingly, the majority of
cells expressing G232E or Q294P showed
nearly complete depletion of HP1β though the
distribution of HP1α and γ in heterochromatic foci
was not significantly affected in G232E-expressing
cells, suggesting the absence of large-scale
alterations in chromatin structure. Similar results
were obtained with NIH3T3 cells. As HP1 proteins
bind to histone 3 trimethylated at lysine 9 (H3K9me3),
which is a molecular mark of constitutive
heterochromatin and is associated with silenced
genes, we investigated the levels of H3K9me3 in
cells expressing GFP-lamin A constructs. There were
no major changes in the distribution or levels of
H3K9me3 in G232E or Q294P-expressing cells.
Histone H4 trimethylated at lysine 20 (H4K20me3),
another marker for pericentric heterochromatin,
was partially redistributed in these cells. We are
currently investigating the mechanism of depletion of
HP1β in cells expressing G232E or Q294P.

The peripheral lamina is a highly stable structure and
wild-type lamins are essentially immobile. However,
there is limited information on the dynamics of lamin A
mutants that form large intranuclear aggregates and
cause aberrant nuclear morphology that is a hallmark
of laminopathic cells. We have compared the dynamics
of lamin A mutants that predominantly form intranuclear
aggregates with those that assemble at the nuclear
rim by the techniques of fluorescence recovery after
photobleaching (FRAP) and fluorescence loss in
intensity after photobleaching (FLIP) [Fig.1]. Analysis
of the FRAP data indicated that the mobilities of E203G,
G232E, Q294P and R386K in aggregates were 4-6-
fold higher than wild-type lamin A. The lamin mutants
H222P and R482L showed slower dynamics, nearly
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comparable with wild-type GFP-lamin A, and this is
consistent with their assembly at the nuclear periphery.
In order to further confirm that lamin mutants that
formed aggregates were more mobile than wild-type
lamin A, events occurring in a larger area were
monitored by FLIP/FRAP analysis. By this analysis, the
fluorescence recovery in the photobleached half of the
nucleus was simultaneously compared to the
fluorescence loss in the remainder of the nucleus due

to migration of fluorescent molecules into the bleached
region. If the mutants are more mobile the FLIP and
FRAP curves will converge, but will not converge if they
are less mobile. Convergence of curves was observed
only with the mutants that formed aggregates, thereby
confirming their higher mobility. The faster dynamics
of lamin mutants may lead to disruption of lamina-
protein interactions that are necessary for the spatial
organisation of nuclear functions.

Fig.1: FRAP analysis of lamin mutants, giving half times of recovery (left panel). FLIP/FRAP analysis of lamin mutants (right
panel).
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1. Exploring Cerebral Metabolism during Normal Aging, and in
Alzheimer’s disease in Mice In Vivo by Using Nuclear Magnetic
Resonance Spectroscopy

A L Sushmita, Puneet Bagga, K S Varadarajan, Anant B
Patel

A continuing programme; Ref: CCMB Annual Report for
2006-07, Pages, 95-96

I. Background, importance and work done
earlier :

Cognitive aging describes a pattern of mild age-
related impairments in cognitive functions. Alzheimer’s
disease is a neurodegenerative disorder of aging,
associated with gradual deterioration of cognitive
functions, personality and behaviors. At present the
only definite diagnosis of Alzheimer’s disease is to
find out if there are plaques in the brain tissue, which
is possible only after death. Currently, there is no
treatment for the disease and patients die within 10
years after the diagnosis.

Neurotransmitters play major roles in glucose and
energy metabolism, cortical excitability and cognitive
functions. Glutamate and GABA are the major
excitatory and inhibitory neurotransmitters in the
central nervous system. Dysfunction in glutamate and
GABA pathways are associated with many
neurological and neuropsychiatric disorders. Nuclear
Magnetic Resonance (NMR) Spectroscopy allows for

the non-invasive measurement of cerebral
metabolism in vivo. 13C NMR studies in rat brain have
established that neurotransmitter (glutamate and
GABA) energetics is fueled by oxidation of glucose in
glutamate and GABA neurons. Quantitative
measurements of brain atrophy, levels of
neurotransmitter and related amino acids, and
neurotransmitter energetics are critically important to
better understand how normal aging and Alzheimer’s
disease affect various metabolic pathways, and to
identify potential targets to manage cognitive function
in these patients.

To study cerebral energy metabolism in
neurodegenerative models, a state-of-the-art Wide
Bore 600 MHz NMR Micro-imaging and in vivo NMR
Spectroscopy facility was set up at the CCMB last year.
Various MRI and in vivo NMR spectroscopic methods
were optimized to acquire images and NMR spectra
from different organs in live mice and rat. With optimized
Fast Low Angle Snap Shot (FLASH) method we could
achieve a resolution of 120x50x50 µm3 in MRI images.
A typical FLASH MRI image is shown (Fig.1). Different
brain regions could be easily delineated in the image.

Anant B Patel

Fig.1: FLASH-based MRI image from mouse brain
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Cerebral metabolic study is generally carried out by
13C NMR spectroscopy during infusion of 13C labeled
substrates (glucose, acetate, γ-hydroxybutyrate, etc).
In the classical approach, 13C signal is measured
using a direct observation method. Typical 13C NMR
spectra acquired from the cortical extract prepared
from mouse after infusion of [1,6-13C2]glucose, and
[2-13C]acetate are shown in Fig. 3. The signal intensity
in 13C NMR spectrum from mouse infused with
[2-13C]acetate is much lower compared to that infused
with [1,6-13C2]glucose. This indicates a lower

II. Work done during the year and future plans:

In the continuation of our study of cerebral
metabolism during normal aging and Alzheimer’s
disease, cerebral metabolite levels were measured
in tissue extracts in different brain regions. High-
resolution 1H NMR spectra recorded from tissue
extract prepared from different brain regions are
shown in Fig.2A. Well-resolved resonances from
cerebral metabolites could be seen. The level of
cerebral metabolites varies in different brain regions
(Fig. 2B).

Fig.2B: Cerebral metabolite levels in different brain regionsFig.2A: 1H NMR spectrum from mouse brain tissue extract

Fig.3: Typical 13C-{1H}-NMR spectrum from mouse cortex. Fig.4: 1H-{13C}-NMR spectrum from mouse hippocampus.
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utilization rate of acetate than glucose in the brain.
Further, the observed differential labeling of higher
GluC4 and lower GlnC4 in [1,6-13C2]glucose is lost in
the [2-13C]acetate experiment. In fact, the percent
labeling of GlnC4 (4.5%) is more than GluC4 (3.0%) in
the [2-13C]acetate experiment, which is opposite to
that of [1,6-13C2]glucose experiments (GluC4 = 12.7%,
GlnC4 = 6.3%).

The direct 13C NMR observation method has relatively
lower sensitivity and is not suitable to study fast
metabolic rates. The sensitivity of 13C detection is
improved by indirect observation of 1H attached
with 13C, known as proton observed carbon edited
(1H-{13C}-) NMR spectroscopy. A pulse sequence for
1H-{13C}-NMR spectroscopy was implemented on the
600 MHz NMR spectrometer. A typical 1H-{13C}-NMR
spectrum recorded from the hippocampal extract is
presented in Fig. 4. 13C Labeling of various amino acids
could be seen in the 13C edited (lower) spectrum. This
represents the successful acquisition of 1H-{13C}-NMR
spectrum from mouse hippocampus. This method will
be used to investigate hippocampal metabolism during
aging, and in Alzheimer’s disease in mouse model. The
1H-{13C}-NMR spectra from other brain regions (cortex,
thalamus, cerebellum, olfactory bulb, etc.) were similar

to hippocampus spectrum. 1H-{13C}-NMR spectrum
from mouse cortex showing the time course of 13C
labeling of cerebral metabolites is depicted in Fig.5.
Differential appearance of 13C label in amino acids
indicates different turnover rates for amino acids. The
time course of 13C labeling of cortical amino acids is
shown in Fig. 6. The turnover curve indicates the flow
of 13C label from [1,6-13C2]glucose into PyrC3/LacC3,
followed by GluC4, AspC3, GABAC2 and finally into GlnC4.
The observed labeling pattern is consistent with the
metabolic model and measurements in rat and human.
The analysis of these data for the estimation of cerebral
metabolic fluxes associated with various pathways in
different brain regions are in progress.

Transgenic APP/PSEN (3 pairs male and female)
mouse, a model of Alzheimer’s disease has been
procured from Jackson Laboratories, USA. Breeding
of these mice has been initiated in the CCMB. These
mice will be investigated using NMR Microimaging
and Spectroscopy to understand the cellular and
molecular pathology of Alzheimer’s. The development
of MPTP and manganese neurotoxicity mice model
is in progress. These models will be used to
understand the molecular and metabolic basis of
Parkinson’s disease.

Fig.6: Time course of 13C labeling of cortical metabolites from
[1,6 - 13C

2
] glucose.

Fig.5: 1H-{13C}-NMR spectrum from mouse cortex showing 13C
labeling of cerebral metabolites with time.

88



1. Characterization of Sex- and Species-specific Repeats from Man and
Mouse

A. Development of Software for Repeat Analysis – BRM-Parser
Anjali Bajpai, Hemakumar M Reddy, Rachel, A Jesudasan

A new programme

I. Background and importance:

The exponential increase in sequence data available
in databases necessitates the development of
adequate tools that allow easy handling of such large
data to draw pertinent interpretations. With the
completion of sequencing of a number of genomes, it
is possible to analyze repeat fractions of genomes.
Analysis of repeats using these vast resources gives
outputs, which cannot be deciphered without the use
of programs for parsing the outputs. A number of
BLAST parsers are available at BioPerl, TIGR, SEALS,
BLAST, etc. RepeatMasker is among the most widely
used software to identify and mask repeats providing
a detailed output of the identified repeats and their

A J Rachel

alignments. BLAST parsing and RepeatMasker output
analysis could not be performed from a common
platform.

II. Work done during the year:

We in our lab have developed a program called the

BRM-Parser that has a combination of features not

available from any single platform. The BRM-Parser

can parse the BLAST outputs and RepeatMasker

alignment files using the same platform. This program

provides the user with a powerful handle to study

repeats with respect to their occurrence, periodicity

and mutation frequency in the genome. The BRM-

Parser is available as a window based GUI at http://

203.200.217.184/brmparser/main.html. and within

CCMB http://192.168.1.6/brmparser/main.html.

Fig.1: The workflow for BRM-Parser. The figure shows the two features provided in BRM-Parser, BLAST Summary
and RepeatMasker Summary. The input files, i. e., [BLAST output (Alignment or Tabular format) and RepeatMasker output
(Alignment file)] are given on the left-hand side of the GUI, given in the middle of the figure. The three options of BRM-Parser,
Filter (by length, percent identity and E-value), Sort (by length, coordinates of Query and Subject), and Merge (by length and
Gap size) are depicted on the right-hand side of GUI. The double-headed arrows indicate that these options can be used in
combination. These options generate three output files, viz., filtered hits, sorted hits, and merged hits, depending on the options
used (a, b, c). Regions of merged and unmerged matches that are repeated within a contig are documented in the BRM output as
Merge supplementary file (d). The RepeatMasker Summary feature generates the RepeatMasker summary file (e) (In Silico
Biology, 7:399-403,2007).

BRM-Parser OUTPUTINPUT
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B. Characterization of Sex- and Species-specific Non-coding Transcript(s)
from the Distal Heterochromatic Block of Human Y Chromosome

The Y chromosome, set aside mainly for the function
of sex determination and spermatogenesis, has been
considered to be genetically isolated, as it does not
recombine with the rest of the genome during meiosis.
Earlier studies in the laboratory resulted in the isolation
of two testes-specific non-coding RNAs encoded by
the distal Yq12 heterochromatic block of the human Y
chromosome, a region previously thought to be
transcriptionally inactive. These non-coding RNAs are
transcribed from the classical male-specific ZY1

satellite sequences and hence can be considered as
ZY1 RNAs. Further studies showed that one of these
non-coding transcripts trans-splices with the CDC2L2
mRNA from human chromosome 1 (1p36.3) for putative
translational control of CDC2L2 within the testis.

Further studying Cdc2l2 from mouse testis revealed
another four novel Cdc2l2 isoforms in the testicular
tissue. Work is in progress to isolate the full-length
isoforms and characterize them biochemically and
physiologically.

1. Mechanisms of Stress Tolerance in Rice
Naireen Fatima, Rajeshwari Ramanan

A new programme

I.     Background and importance:

Rice is the staple food for a large proportion of the
Indian population. The availability of its genome
sequence, detailed physical and genetic maps, mutant
collections and standardized methods of transformation
and gene silencing by RNAi, have made rice a model
system for monocots. Transient expression assay in
protoplasts and also in intact tissues has become a
rapid and useful method to analyze genes and gene
products in plants and improved methods to isolate
and transform large number of protoplasts from stem
and sheath tissues of both young and mature rice plants
have been standardized. Various types of abiotic and
biotic stresses are largely responsible for reduced
yields in crop plants including rice. The stress signals
are perceived by receptor or sensor proteins and trigger
signal cascades in cytoplasm and nucleus, resulting
in the induction of stress-inducible genes. Transcription
factors are important regulators of various stress-
responses in plants. Understanding the function of
novel transcription factors associated with stress
responses and their regulation of stress-responsive
genes under various stress conditions would help to
create novel strategies for developing stress-tolerance
in rice and other cereals.

A transcriptional factor Os02g0782700 belonging to
the AP2-EREBP class was earlier identified as a
downstream component of a signal transduction
pathway in a specific interaction between rice and its
bacterial pathogen, Xanthomonas oryzae pv. oryzae
(Xoo). The resistance gene Xa21 in rice codes for a
LRR-receptor kinase (LRK) protein, which specifically
recognizes the Xoo strain containing the cognate
avirulence gene, resulting in an incompatible interaction
between the host and the pathogen. The LRR domain
of Xa21 is extracellular and specifically recognizes the
AvrXa21 ligand from Xoo. This recognition results in
the autophosphorylation of the kinase domain, which
triggers a signal transduction pathway leading to
resistance due to the activation of defense genes.  The
kinase region (K668) is in the cytoplasm and interacts
with downstream proteins in the signaling pathway.
Several proteins interacting with K668 were identified
using the yeast-two hybrid system and these have been
referred to as Xa21-binding proteins (Xbs). Xb22 is one
such protein of 335 amino acids with a N-terminal PDZ
domain and C-terminal TPR domain, both of which are
involved in protein-protein interactions. Two proteins
were found to interact with Xb22 in yeast two-hybrid
screens. One of them was the AP2-EREBF
transcription factor (OsERBF1), probably involved in
Xa21-mediated resistance. AP2-EREBF proteins are
also known to be involved in signaling pathways
induced in response to abiotic stress signals.

Rajeshwari Ramanan
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OsERBF1 belongs to a large family of AP2-domain
containing genes and can be classified as group VIIa
class of proteins along with 13 members, which are
phosphorylated by MAP kinases. Clustal alignments
show that the AP2 domain regions of these members
have high level of homology at the protein and to a
lesser extent at the nucleotide level, whereas there is
considerable heterogeneity at the 3′-UTR and the 5′
regions. The complete ORF encoding OsERBF1
protein is 1095 bases long and codes for a predicted
protein of 365 amino acids with expected molecular
weight of 40.1 and pI of 4.89. The protein shows a highly
conserved AP2 domain, a highly acidic N-terminal
region and a putative nuclear localization signal (NLS).
We are investigating the role of this transcription factor
in both the biotic and abiotic stress response.

II. Work done during the year:

Protoplasts were isolated from rice plants and
transformed with an OsEREBP1 construct cloned in
a vector with Gfp- as a reporter gene and observed
under a fluorescence microscope. Green fluorescence

could be co-localized with DAPI stain in the nucleus

of the protoplast as expected by the presence of a

putative NLS. Analysis of transcript levels by Northern

blot and semi-quantitative RT-PCR methods revealed

increased expression under dehydration and

salt stress conditions but not by cold treatment.

The transcript levels increased within 1 hour of

dehydration stress. The expression patterns following

treatment with signaling molecules such as salicylic

acid, jasmonic acid, abscisic acid and compatible as

well as incompatible interactions with fungal and

bacterial pathogens are being investigated. The

complete ORF was cloned into binary vector and

embryonic calli were transformed following

Agrobacterium-mediated transformations and

hygromycin-resistant transgenic plants were

obtained. The presence of the transgene was

confirmed by PCR using a vector-specific and an

insert-specific primer pair. The plants are being

advanced to the T1 generation and will be assessed

for expression levels of the transgene.

1. Protein Engineering by Directed Evolution

N M Rao, Shoeb Ahmad, Zahid Kamal, Poornima, Virendra
Kumar

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 100-101

Thermostable Lipase

I. Background and work done earlier:

Our earlier efforts to improve the thermostability of
lipase have lead to tremendous improvement in the
stability of lipase. Four mutant thermostable
lipases were characterized for their structure using
spectroscopy (CD and fluorescence), activity and
by x-ray diffraction. These studies have shown
that small but significant changes in the structure
impart stability to the protein. Conventional
knowledge-based prediction algorithms are yet
complete to make these predictions. These
investigations opened up two important directions
for investigation: a, Would thermostability translate

into other kinds of stability to proteases, organic
solvents, air-water interfaces, etc. b, The role of loops
in the stability since most of the mutations isolated
in thermsostable mutants are in loops. To address
these issues we have attempted following studies.

II. Work done during the year:

1. Role of loops in protein stability

Based on structure we have identified 90 amino acid
positions in the lipase and investigations. Towards this
end we have applied the method of site saturation
mutagenesis (SSM) on the 90 positions and screened
the mutant population for the thermostability. With a
population size of 200 for each position, we have
screened 18000 clones for their stability in the wild
type background. From these studies we have
identified 23 substitutions where the stability was
found to be improved by 2 0C or more. Importantly
some of the mutations were identified were the same

N Madhusudhana Rao
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as isolated from directed evolution methods. Thus
SSM method validates our earlier methods of directed
evolution. After this elaborate methodology we have
begun to isolate the lipase from the 23 mutants. The
purpose is to evaluate their structure:property
correlations.

2. Stability of lipase to organic solvents

As a preliminary investigation lipase was tested in six
organic solvents (water miscible). In acetonitrile,
isopropanol and methanol, lipase lost its activity
progressively. However, in acetone, dimethylformamide
and dimethylsulfoxide, lipase shows significant
improvement in its activity up to 40% solvent in water
(v/v). We have chosen DMSO as a test solvent and
investigated the catalysis in detail and found that the
Vmax is substantially improved compared to changes
in the Km. We have attempted to investigate the lipase
crystal stability in DMSO and found it to be unstable
above 20%. We optimized the protocols for cross-linking
the crystal for X-ray diffraction.

3. Thermodynamic characterizations of mutants
of lipase

Since the lipase aggregates at neutral pH, differential

scanning calorimetry could not be performed. We have

attempted to obtain thermodynamic information

by performing denaturant mediated ∆∆∆∆∆G

measurements at various temperatures to obtain ∆∆∆∆∆Cp

and ∆∆∆∆∆H values on four mutants. We have also obtained

the DSC data at low pH on four mutants. We have

employed a temperature correction to translate the

data to higher pH, i.e., 7.2. These data suggests that

the enhancement in stability is due to alteration of

both enthalpic and entropic reasons.

In addition we have obtained data on the contributions

of polyols to protein stability by studying the stabilizing

effects of glycerol and polyethylene glycol on four

mutants along with the wild type lipase. These studies

indicate that the extent of stabilization by a polyol

depends on the intrinsic stability of the protein.

2. Cell-specific DNA Targeting by Multi-domain Fusion Proteins

Jennifer Xavier, N.M Rao, Vijaya Gopal

A new programme

I Background and importance:

Advancements in gene delivery technologies over the
past decade has led to efficient transfection of various
cell lines. Peptide/protein based carriers are unique
alternatives to chemically synthesized molecules
for the purpose of nucleic acid delivery into cells.
Despite their popularity, transfections mediated by
cationic lipids and certain biological polymers are
limited by their cytotoxicity when used alone or in an
unmodified form thus hindering in vivo applications.
In protein-based strategies for nucleic acid delivery,
it is imperative that complexes migrate into cells
efficiently. Our lab has successfully addressed
some of these issues through protein-based
methodologies that may eventually lead to the
development of hybrid combinatorial vectors that

incorporate features facilitating cell-specific nucleic
acid transfer.

II. Work done during the year:

Our earlier efforts to identify potential DNA
binding proteins led to the generation of several
constructs that over express cationic fusion
proteins that transfect cells efficiently. These proteins
have the capacity to interact electrostatically
with nucleic acids and transduce them across
various cells into the cytoplasm and the nucleus.
PTD (protein transduction domain) variants TAT-NLS-
Mu and TAT-Mu, generated by us earlier have
been shown to ferry plasmid DNA across the various
cells with significant reporter gene expression.
We have shown that entry of transfection
complexes prepared with DNA and TAT-NLS-Mu or
TAT-Mu alone (designated as DP) are both mediated
by endocytosis as the addition of chloroquine, resulted

Vijaya Gopal
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in remarkable enhancements in transfection efficiency.
This result indicated that DP complexes are trapped
in endosomes. Also DP complexes prepared with
cationic lipids such as Lipofectin, DOTAP:DOPE
designated as (DPL), with lipid as the third element
in the transfection complex, are stable in 10% serum.
As stability in serum is an important issue when
developing protocols for in vivo gene transfer,
these transfection complexes would have

physiological relevance and find in vivo applications.

Recombinant DNA-based strategies permit the
flexibility of incorporating epitopes with desired
functions in a single protein molecule permitting
cell-specificity to be introduced. The addition of
cell-targeting moiety was initiated this year by
recombinant DNA strategies. TAT-NLS-Mu or
TAT-Mu with properties for membrane transduction,
nuclear localization and DNA binding, etc., were

fused to an EGF-like domain of Heregulin-α to enable
targeting DNA in a cell-specific manner. Each domain
in the fusion protein contributes to the
multifunctionality of the protein. The new confirmed
constructs designated TAT-NLS-Mu-Her and TAT-Mu-
Her contain the receptor-specific ligand Heregulin-α
that would permit binding with high affinity to Her2/3
or Her2/4 heterodimers overexpressed on certain
breast cancers. This work is in progress.

We propose that the heregulin ligand fused in frame
with TAT-NLS-Mu would facilitate DNA delivery
specifically by internalization through the receptor-
binding domain of Heregulin-α thereby enhancing
the efficiency of transfection in a specific manner. As
a proof of concept, the substitution of the heregulin
ligand with other targeting ligands brings to fore the
possibility of generating novel targeting molecules for
therapy.

3. Lipid-based Gene Delivery Strategies

II. Work done during the year:

1. DNA binding - gel retardation assay

Lipids were reconstituted with co-lipids such as
DOPE or cholesterol in MQ water prior to the
addition of DNA to generate transfection-competent
complexes. Charge ratios were varied from 0.3:1-12:1
Lipid/DNA. Plasmid DNA (pCMVβ-gal) and
corresponding amounts of the lipids were mixed to
obtain the desired charge and incubated for 30’ at
RT. DNA binding properties were verified by
agarose gel retardation assays with two different
buffer conditions such as Hepes buffered saline,
0.5x Phosphate buffer saline (pH 7.0) and also
plain MQ water. All the lipids formulated with
co-lipid exhibited DNA binding activity although with
different affinities. Complexes prepared with Lipid
1:DOPE showed binding at 1:1 charge ratio and at
3:1 the complexes were retained in the well. Significant
binding also occurred with Lipid 1 prepared with
cholesterol at 3:1 charge ratio. Maximal DNA binding
by Lipid 2, with either DOPE/Cholesterol as the co-
lipid at 1:1 charge ratio, was at 2:1 charge ratio.

Jennifer Xavier, Vijaya Gopal, N M Rao

I. Background:

Cationic lipid-based carriers are viable alternatives
to gene delivery mediated by viruses. Electrostatic
interactions between cationic lipid and DNA
leads to the formation of non-covalent complexes
that mediate gene transfer bringing about the
desired effects. Increasing the number of positive
charges in the head group would increase the
cationic component of lipids and thereby the
efficiency of transfection. With this in mind, on the
collaborative front, a novel class of lysine lipids
was synthesized at Kumamoto University,
Kumamoto, Japan. Three of these are glutamide-
derived lipids, with two lysines in the head group,
while one of C12 chain length is ester-based.
These lipids are unique with respect to their
chemistry as they are based on the glutamic acid
linked to a quaternary pyridine group. The four
lipids were tested at the CCMB and characterized
for their DNA binding properties and biological
activity in two cell lines namely CHO and HepG2.
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2. Transfection

Transfection with lysine lipids (1-4) was tested in both
CHO and HepG2 cells using plasmid pCMVβ-gal as
the reporter gene. Lipid formulations of varying charge
ratios, 1:1 - 9:1 Lipid/DNA were used. Standardized
protocols were employed to optimize the transfection
assays where reporter gene expression was
monitored by measuring the relative β-galactosidase
activity across the entire range. Lipid 1 with cholesterol
showed maximal activity at 3:1 charge ratio when
compared with DOPE as the co-lipid at the same
charge. Lipid 2:DOPE showed maximal activity at 6:1
charge ratio. This increase at 6:1 charge ratio is much
higher than that obtained with JP1 at lower charge
ratio. Lipid 3 and 4 was not pursued further as these
lacked significant reporter gene expression. Activity
obtained with Lipid 2 formulated with DOPE was 7
fold greater than that obtained with Lipid 1. Co-lipids
other than DOPE and Cholesterol such as DMPC/
DOPC/Myristic acid did not have any effect on
transfection. Of the four lipids, Lipid 2 with C14 alkyl
chains showed the highest reporter gene expression
and serum stability. Lipid 3 and Lipid 4 did not show
significant transfection efficiency. Marginal
enhancements in transfection were observed with
Lipid2:DOPE in the presence of chloroquine, which
is known to perturb trafficking from endosomes to
lysosomes.

3. Effect of serum

Serum contains several proteins and nucleases that
degrade plasmid DNA, thereby reducing the ability of

complexes to bind the cell surface. This results in poor

transfection efficiencies. Serum effects on

transfection were tested with Lipid 1 and 2

formulated with DOPE and cholesterol as co-lipids

in HepG2 and CHO cells. Reporter gene expression

was carried out 48 hours post transfection. A 5-fold

increase in the transfection efficiency was observed

with lipoplexes prepared with Lipid 2 and DOPE

as a co-lipid in 10% serum. Varying efficiencies

were observed between two different cell

lines tested. In the case of HepG2, a liver carcinoma

cell line, Lipid 1:DOPE shows superior effects

followed by Lipid 1: Chol at 9:1 charge ratio. In CHO

cells, Lipid 1 with cholesterol was superior in

absence of serum. However, Lipid 2 with DOPE

was stable in the presence of 10% serum. Varying

serum concentrations did not result in further

enhancement in transfection. This aspect is being

investigated to identify the components that bind

serum that is crucial to development of gene therapy

protocols. The physical properties of these lipids are

also being investigated and this work is underway.

Our data clearly demonstrate that Lipid 1 and 2

efficiently transfect cells with Lipid 2 exhibiting serum

stability indicating the utility of C14 carbon-length

lipids with the double lysine head group. The

enhancement of transfection of lipoplexes prepared

with lipid 2 in the presence of serum suggests the

potential and physiological relevance of this lipid for

in vivo applications.

94



1. Molecular Chaperones

A. Studies on ααααα-crystallins

Faiz Ahmad, Devendra Singh, Bhairab Nath Singh,
Abhay Kumar Thakur, Aftab Taiyab, Abhishek Asthana,
S Prabhu, Abdullah Sultan, Saad Mohammad Ahsan,
V Srinivas, B Raman, K Sridhar Rao, T Ramakrishna,
Ch Mohan Rao

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 103-104.

Protein folding is one of the major unsolved problems
in biology. Molecular chaperones and heat shock
proteins assist folding, prevent aggregation and in
some cases eliminate incorrectly folded proteins by
proteolysis. We have been investigating the structural
and functional role of small heat shock proteins. Small

heat shock proteins, which share a conserved
region of 80-100 amino acids called the “α-crystallin
domain”, are vital in several cellular functions and
play a role in disease conditions. To date, ten
mammalian small heat shock proteins are known.
However, the structural and functional roles of most
of these members have not been investigated.
For the past few years we have been working
on the structural and functional aspects of α-crystallin
and Hsp22. We have also initiated work on other
members of the family such as Hsp27, HspB2, HspB3
and HspB6.

I. Background, importance and work done
earlier:

α-Crystallins, namely αA- and αB-crystallin, are
predominantly expressed in the eye lens. They are
also present in other tissues and their expression is
elevated under conditions of stress or in disease
conditions. Our earlier studies have shed light on the
molecular mechanism of the chaperone-like activity
of α-crystallin. We have also investigated the
molecular basis of pathology in αA- and αB-crystallin
mutants, R116C αA- and R120GαB-crystallin, that
lead to congenital cataract and desmin-related
myopathy, respectively. Recently, we have also studied
the structure, stability, chaperone function and the
consequence of mixed oligomer formation of the
presenile cataract-causing mutant, G98RαA-
crystallin, with wild type αA-crystallin to address the
molecular basis of presenile cataract formation. Our
studies have provided an understanding of the role
of certain conserved regions in the N-terminal domain
as well as the C-terminal extension in the structure
and function of αA- and αB-crystallin (for reviews see
Int. J. Biol. Macromol. (1998) 22, 271-281; Proc. Ind.
Natl. Sci. Acad. (2002) 68A, 349-365). We have
investigated the effect of phosphorylation of αB-
crystallin on its structure and chaperone function

towards both amorphous aggregation and amyloid
fibril formation of some proteins using a
phosphorylation-mimicking mutant. We have also
shown that αB-crystallin can modulate the activity
of the transcription factor, NF-κB by associating
with and enhancing the activity of the IKK complex,
which is involved in the upstream pathway of
NF-κB activation. Additionally, αB-crystallin
interacts with actin filaments in vivo in a
phosphorylation- and stress-dependent manner
and protects the actin filament network from
stress and cytochalasin-induced disorganization.

II. Work done during the year:

1. Selective Cu2+-binding, Redox-silencing and
Cyto-protective Effects of the Small Heat
Shock Proteins, αααααA- and αααααB-Crystallin

Faiz Ahmad, Devendra Singh, Aftab Taiyab, T Ramakrishna,

B Raman, Ch Mohan Rao

In addition to heat stress, oxidative stress and Cu2+

are known to induce the expression of α-crystallins.
Oxidative stress and Cu2+ have been implicated
in several neurodegenerative diseases and in
cataract. Elevated levels of αB-crystallin as well as
its phosphorylated form are found in the brains
of patients with neurodegenerative diseases.

Ch Mohan Rao
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αB-crystallin is also found in amyloid-deposits.
Therefore, we have investigated the possible
link between α-crystallins and the redox active
metal ion, Cu2+.

We have demonstrated using fluorescence and
isothermal titration calorimetry that α-crystallins
(αA-crystallin, αB-crystallin and its phosphorylation-
mimic, 3DαB-crystallin), bind Cu2+ with close to
picomolar range affinity. Zn2+ does not affect
Cu2+-binding, indicating selectivity of the Cu2+-binding
site(s) in α-crystallins. Though αA- and αB-crystallin
exhibit similar binding constants for Cu2+, the
consequences of Cu2+-binding, in terms of changes
in structure and chaperone-like activity, are distinct.
Cu2+-binding leads to changes in secondary,
tertiary and quaternary structures with subtle
differences. Interestingly, Cu2+-binding results in a
significant increase in the intrinsic chaperone activity
of αA-crystallin.

Cu2+-binding increases the stability of α-crystallins
towards GdmCl-induced unfolding. α-crystallins
rescue amyloid beta peptide, Aβ1-40, from Cu2+-induced
aggregation in vitro. α-crystallins inhibit Cu2+-induced
oxidation of ascorbate and hence prevent the
generation of reactive oxygen species (ROS).
Interestingly, α-synuclein, a Cu2+-binding protein,
does not inhibit this oxidation process significantly.
Cu2+-sequestering (or redox-silencing) property of
α-crystallins confers cytoprotection against
Cu2+-ascorbate-induced cell death. This is the first
study revealing high affinity (close to picomolar) for
Cu2+-binding and redox-silencing of Cu2+ by any heat
shock protein.

The redox-silencing property of these sHsps has
important physiological and pathophysiological
implications, considering the reports that (i) ascorbate
levels can reach as high as ~0.4 mM in the brain
extracellular fluid and ~10 mM in neurons and
(ii) accumulation of Cu2+ is increased (as high as 0.4
mM) in the brain of Alzheimer’s patients. Aβ peptides
bind Cu2+ and generate H

2
O

2.
 Cu2+ induces aggregation

of Aβ peptides. Our result shows that αB-crystallin

prevents Cu2+-induced aggregation of Aβ1-40. We have
earlier shown that αB-crystallin prevents the amyloid
fibril formation of Aβ peptides. As αA- and αB-crystallin
are abundantly present in the eye lens, their ability to
bind Cu2+ finds importance in the eye lens.
Accumulation of heavy metal ions including Cu2+ has
been reported in cataractous eye lens. Oxidative stress
has been implicated in cataract formation. Our study
shows that Cu2+-binding to αA-crystallin or to the
hetero-oligomers of αA- and αB-crystallin (at 3:1 ratio
present in the mammalian eye lens) leads to increase
in its chaperone activity. Thus, αA- and αB-crystallin
not only function as molecular chaperones in preventing
aggregation of other proteins but also moderate or
prevent oxidative stress through Cu2+-binding. Thus,
our study ascribes a novel functional role to α-crystallins
in Cu2+ homeostasis and helps in understanding their
protective role in neurodegenerative diseases and
cataract.

2. G98R: A cataract-causing mutation in human
αααααA-crystallin: Heavy metal ions augment G98R
mutational effects in human αααααA-crystallin

Devendra Singh, T Ramakrishna, B Raman,

Ch Mohan Rao

A point mutation, G98R, in αA-crystallin is known
to cause presenile cataract. Our earlier studies
showed that the mutation results in drastic
folding defects and aggregation. However, mixed
oligomer formation with wild type subunits rescues
the mutant protein from aggregation, which may form
the molecular basis for the absence of congenital
cataract.

Heavy metal ions such as Cu2+, Cd2+ and Zn2+

accumulate in an age-dependent manner in the lens
and their levels are known to be elevated in age-
related cataractous lenses. We have, therefore,
investigated the role of these metal ions as potential
risk factors in presenile cataractogenesis.

Our fluorescence and isothermal titration calorimetric
studies show that like αA-crystallin, G98RαA-crystallin
binds Cu2+ with picomolar range affinity, inhibits
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generation of reactive oxygen species and exhibits
redox-silencing of Cu2+. However, unlike αA-crystallin,
G98RαA-crystallin undergoes pronounced self-
aggregation above a critical Cu2+ to protein molar
ratio of 3:1. At this critical ratio, G98RαA-crystallin is
found to be more susceptible to Cu2+-induced tertiary
and quaternary structural changes compared to αA-
crystallin. Interestingly, Cu2+-binding has opposite
effects on the chaperone-like activity of these proteins
towards the heat-induced aggregation of citrate
synthase: Cu2+-binding increases the chaperone-like
activity of αA-crystallin, whereas it decreases the
chaperone-like activity of G98RαA-crystallin.

Cd2+ and Zn2+, like Cu2+, were found to promote
self-aggregation of the mutant protein. Mixed
oligomers of wild type and mutant subunits were also
found to undergo self-aggregation, albeit at higher
ratios of these metal ions to protein. Our study
demonstrates that unlike the wild type protein,
G98RαA-crystallin and its mixed oligomers with wild
type protein are vulnerable to environmental factors
such as heavy metal ions. Thus, our study suggests
that change in environment or life style may have
significant impact on the onset and disease
progression of these genetically predisposed cataract
patients. In addition, our study is useful as an example
for molecular basis of how environmental factors could
augment phenotype(s) in certain genetically
predisposed conditions.

3. Effect of ααααα-crystallin on the refolding of GFP

V Srinivas, Ch Mohan Rao (in collaboration with Prof. K
Kuwajima, Okazaki Institute for Integrative Biosciences,
Okazaki, Japan)

α-Crystallin is known to prevent the aggregation of
several target proteins and helps some enzymes to
refold to their native state. In order to understand
the mechanistic aspects in the α-crystallin-assisted
refolding, we have investigated the effect of wild-type
αA-, and αB-crystallin and the mutants R116CαA-
crystallin and R120G αB-crystallin on the refolding
of acid-unfolded Cycle 3 (a F99S/M153T/V163A
mutant of Green Fluorescent protein), which is

obtained by DNA shuffling techniques. The
chromophore in GFP emits green fluorescence with
a maximum intensity at 508 nm and is shielded from
the bulk water by an 11-stranded β-barrel and capping
helices. Upon unfolding, the chromophore gets
exposed to the bulk water and loses its
fluorescence. Upon changing the pH from 2.0 to
7.5, acid-denatured GFP folds back to its native
structure to an extent of about 80-90% and the
chromophore fluorescence is restored. The refolding
pathway involves at least four observable kinetic
phases including a lag phase and a very slow phase
that corresponds to the prolyl cis-trans isomerization.

Refolding reactions were carried out either in absence
or presence of different concentrations of wild-type
or mutants of alpha crystallin and the kinetics of
refolding was monitored by stopped-flow fluorescence
spectroscopy. When the refolding is carried out in
the presence of human recombinant αB-crystallin at
25 0C, the over-all fluorescence yield of GFP is
enhanced to an extent of about 20%. In the
presence of αA-and αB-crystallin, the lag phase is
extended, and the kinetic parameters obtained
during the refolding of GFP in the presence of αB-
crystallin suggest that the rate of folding of
Cycle 3 is accelerated. The increased rate of
folding of Cycle 3 in the presence of α-crystallins is a
novel finding because so far it is believed that
molecular chaperones including α-crystallin do not
contain steric information specifying correct folding;
instead, they prevent incorrect interactions within and
between non-native polypeptides, thus typically
increasing the yield but not the rate of folding reaction.

The most intriguing finding is that R116C αA-crystallin
and R120G αB-crystallin, which have negligible
chaperone-like activity in preventing the aggregation
of proteins also increased the refolding yield as
well as rate of folding of Cycle 3. A possible
mechanism to explain the acceleration of GFP
kinetics by α-crystallins is that they interact with
early on-pathway intermediate(s) and facilitate their
folding to the native state.
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4. Role of αααααB-crystallin in myoblast
differentiation

Bhairab Nath Singh, K Sridhar Rao, Ch Mohan Rao

Myogenesis is a dynamic process, which is
characterized by the irreversible exit of mono-nucleated
myoblasts from the cell cycle and their fusion into multi-
nucleated myotubes. This process is regulated by
muscle regulatory factors (MyoD, Myf5, myogenin, and
MRF4) that activate transcription by hetero-dimerizing
with ubiquitously expressed E-proteins and binding to
a consensus DNA motif present in the regulatory region
of muscle-specific genes. MyoD is the master regulator
of the muscle differentiation process, as MyoD mutants
are unable to differentiate.

During the differentiation process, the expression of
αB-crystallin, a small heat shock protein, increases
10-fold. αB-crystallin promoter has binding sites for
MyoD.  αB-crystallin was proposed to be involved in
the prevention of apoptosis induced during muscle
differentiation. Overexpression of αB-crystallin in
C2C12 myoblasts delayed the differentiation process

by at least 12 hours as the fusion of myoblasts
into myotubes parallels delayed expression of MyoD.
This finding was corroborated by the late onset of
expression of a CDK inhibitor (p21) and other
differentiation markers (myogenin and desmin).
At 72 h of differentiation, we observed a reduced
differentiation-index and fusion-index in C2C12
cells over-expressing αB-crystallin. The rate of
degradation of MyoD was enhanced in the cells over-
expressing αB-crystallin compared to the control
C2C12 cells. The expression of αB-crystallin and
MyoD appears to be inter-linked and a threshold
level of αB-crystallin is probably required for proper
muscle differentiation. It is well established that
p38-MAP kinase plays an essential role in muscle
differentiation. Our study, as well as that of others,
has shown that p38-MAP kinase is up-regulated in
C2C12 cells. We have found that the ser-59 residue
of αB-crystallin is phosphorylated during myoblast
differentiation suggesting that phosphorylation of αB-
crystallin plays an important role in muscle
differentiation.

B. Structural and Functional Aspects of Other ααααα-crystallin-Related sHsps

S Prabhu, Abhishek Asthana, B. Raman, T Ramakrishna,

Ch Mohan Rao

A continuing programme; Ref: CCMB Annual Report for

2006-07, Pages, 105-106.

I. Background, importance and work done
earlier:

A sub-family of Hsps classified as small heat shock

proteins (sHsps), consists of proteins that share a

highly conserved 80-100 amino acid domain called

the “α-crystallin domain” and whose subunit molecular

masses range between 12 and 43 kDa. Sequence-

based analysis has shown the presence of 11

mammalian small heat shock proteins (named HspB1

to HspB11). Of these, only HspB1 (known as Hsp27),

HspB4 and HspB5 (αA- and αB-crystallin) have been

well-characterized, while a few studies are also

available on HspB6 (Hsp20) and HspB8 (Hsp22). As

many as 7 sHsps have been found in the muscle tissue

alone. It is intriguing as to why the cell or organism

requires so many members of sHsp family which

share significant sequence homology. It is possible

that these members share both common and distinct

functions. Interactions between certain members

such as HspB1-HspB4, HspB4-HspB5 or HspB2-

HspB3 suggests additional levels of structural

organization and functional diversities which are yet

to be clearly understood. Thus, structural and

functional characterization of individual sHsps is

necessary for comprehensive understanding of the

structural and functional role of sHsps and inter-sHsps

interactions. We have, therefore, initiated studies to

understand the structural and functional roles of sHsps

related to α-crystallins.
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We have earlier studied Hsp22, which is also known
as HspB8, H11 kinase or E2IG1. Our earlier study
showed that Hsp22 is heat-inducible but unlike other
sHsps it is monomeric, has predominantly
unstructured regions and exhibits chaperone-like
activity in preventing aggregation of other proteins
(Biochem. J. 2004, 381, 379-387). Our recent studies
have shown that Hsp22 is localized to the plasma
membrane in SK-N-SH human neuroblastoma cells
and exhibits potential membrane interaction that may
play an important role in its cellular functions
(Biochem. J. 2007, 401, 437-445). Mutation of Lysine
141 in Hsp22 leads to Type II distal motor neuropathy.
We have studied the effect of this mutation on the
structure and function of Hsp22.

II. Work done during the year:

1. Structural and functional aspects of HspB2

S Prabhu, B Raman, T Ramakrishna, Ch Mohan Rao

We have cloned and over expressed human
HspB2 in E.coli and purified it to homogeneity. The
far-UV circular dichroism spectrum of recombinant
HspB2 shows a beta-sheet structure similar to that of
αB-crystallin. The near-UV CD spectrum of HspB2
shows a distinct chiral structure. Fluorescence
studies show that the sole tryptophan residue at 130
is almost completely solvent-exposed. Bis-ANS
binding shows that though HspB2 exhibits accessible
hydrophobic surfaces, it is significantly less than
that exhibited by αB-crystallin. Glycerol-density
gradient studies show that the protein exhibits a
molecular mass of ~ 150 kDa, indicating that it exists
as an oligomer. HspB2 exhibits significant chaperone-
like activity towards DTT-induced aggregation of
insulin and heat-induced aggregation (at 48 °C) of
alcohol dehydrogenase. However, it does not
significantly prevent the aggregation of citrate
synthase (at 43 °C). It also prevents the ordered

amyloid fibril formation of α-synuclein. The target
protein-selective chaperone-like activity of HspB2
seems to be distinct from that of other sHsps such as
αA- and αB-crystallin, Hsp27 or Hsp22.

2. Structural and functional aspects of HspB3

Abhishek Asthana, B. Raman, T Ramakrishna,
Ch Mohan Rao

Though HspB3 possesses the characteristic
α-crystallin domain, which is the hallmark feature
of sHsps, it has a unique N-terminal domain and an
almost non-existent C-terminal extension. Its presence
has been demonstrated in adult smooth muscle and
heart as well as in several fetal tissues. Though HspB3
has been identified for almost a decade, it had not
yet been purified to homogeneity and characterized
so far. We have cloned human HspB3 and over
expressed it in E. coli. The over expressed protein
partitions to the inclusion bodies and consists almost
exclusively of HspB3. We have developed a simple
refolding and purification strategy that included
a selective extraction of the protein into 3 M urea
and subsequent removal of urea by dialysis, yielding
the refolded protein of high purity. The refolded
protein exhibited the characteristic α-sheet structure
observed for small heat shock proteins. Quaternary
structure analysis by gel filtration indicated that
HspB3 exists as a tetramer. HspB3 exhibited
significantly exposed hydrophobic surfaces as
monitored by bis-8-anilinonaphthalene1-sulfonic
acid binding studies. Although the protein lacks the
C-terminal extension, which is important for the
chaperone-activity and solubility of other members
of small heat shock protein family, HspB3 exhibited
molecular chaperone-like activity in preventing
the aggregation of citrate synthase and alcohol
dehydrogenase. However, it did not prevent DTT-
induced aggregation of insulin, indicating it is a
substrate-dependent chaperone.
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C. Extracellular Molecular Chaperones

chromatography, Protein A-Sepharose and Protein
G-Sepharose. Circular dichroism studies showed
the presence of significant helical secondary structural
elements. Gel filtration chromatography of clusterin
showed a pH-dependent quaternary structure. At pH
7.4, it showed a 80 kDa peak, corresponding to a
heterodimer of clusterin, and polydisperse
higher aggregates with molecular masses greater
than 240 kDa. At pH 6.0, it was present only as
a heterodimer. We have investigated the chaperone-
like activity of clusterin against the amorphous
aggregation of yeast alcohol dehydrogenase
and the ordered amyloid fibril formation of β2-
microglobulin. Clusterin prevented the amorphous
aggregation of alcohol dehydrogenase at 48 °C.
Clusterin at a 1:10 (w/w) of chaperone to clusterin
prevented by more than 95% the amyloid
aggregation of β2-m, induced at neutral pH
by 0.5% SDS. The chaperone activity on the
amyloid fibril formation of β2-microglobulin is
particularly relevant considering the fact that
deposition of β2-microglobulin amyloid fibrils
leads to dialysis-related amyloidosis in the joints of
renal failure patients.

D. Protein Folding, Aggregation and Diseases

Abdullah Sultan, B Raman, Ch Mohan Rao,
T Ramakrishna

A new programme

I. Background and importance:

Most of the molecular chaperones studied well are
known to be intracellular. Very recently, there were
reports that a few proteins (such as clusterin
and haptoglobin), which are secreted and found in
the blood, exhibit molecular chaperone property
in preventing the aggregation of some proteins.
The structural and functional aspects and their role
in the extracellular space is poorly understood.
Considering the occurrence of protein aggregation
and amyloid deposits in the extracellular space in
various diseases such as Alzheimer’s, dialysis-related
amyloidosis and familial amyloidosis, the role of the
extracellular molecular chaperones is potentially
important. We have, therefore, initiated studies on
clusterin and haptoglobin.

II. Work done during the year:

Clusterin, a 61 kDa glycoprotein is secreted in the
blood. We have standardized conditions for the
purification of clusterin from plasma using IgG-affinity

Effect of UV-light on ordered
amyloidogenic proteins: Nucleation and
fibril extension
Abhay Thakur, Ch Mohan Rao

A continuing programme; Refer: CCMB Annual Report for
2006-2007, Page, 106.

I. Background, importance and work done
earlier:

Misfolding and aggregation (either amorphous or
ordered fibril formation) of proteins is involved in
diseases such as cataract, transmissible spongiform
encephalopathies (TSE), Alzheimer’s disease,
Parkinson’s disease and dialysis-related amyloidosis.

Understanding the molecular details of aggregation
and amyloid fibril formation is important in designing
strategies to mitigate the complications. Amyloid fibril
formation involves three steps: structural perturbation,
nucleation and elongation. We earlier investigated UV-
exposure as a structural perturbant to initiate
nucleation of prion protein, leading to amyloid fibril
formation or aggregation. UV-exposure of full length
prion protein led to its oxidation via generation of
singlet oxygen and superoxide radicals, resulting in
significant loss of helicity and non-covalent amorphous
aggregation. Photo-oxidised prion protein failed to
form amyloid fibrils. However, it formed amyloid fibrils
upon seeding with normal prion protein. EM images

T Ramakrishna
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showed that fibrils of photo-oxidised prion protein were
stouter and thicker compared to those of normal prion
protein. AFM phase images suggested that the fibrils
of the photo-oxidized prion protein are less rigid (soft)
compared to those of the normal protein.

II. Work done during the year:

We investigated whether the inability to form amyloid
fibrils de novo upon UV-exposure was general or
specific with respect to the prion protein aggregation.
We found that unlike prion protein, human β2-
microglobulin and human α-synuclein did not
aggregate upon UV-exposure. Moreover, upon UV-
exposure β2-microglobulin and α-synuclein did not
show any change in secondary structure. Interestingly,
we found that UV-exposed human β2-microglobulin
and human α-synuclein, like prion protein, failed to
form amyloid fibrils de novo, but underwent fibril
extension upon providing the seed.

We observed earlier that the morphology of the
fibrils formed by the UV-exposed prion protein
was different from that of fibrils formed by the

unexposed prion protein. However, the fibrils formed
by UV-exposed β2-microglobulin and α-synuclein
were morphologically comparable to fibrils formed by
the normal, unexposed proteins. Interestingly,
prion protein has 8 tryptophans and 7 of them are
in N-terminal region of the protein. The role of the
N-terminal region of prion protein in amyloidogenesis
has not been properly understood, but a few
reports suggest that the absence of N-terminal
region delays disease onset. It has also been
proposed that the N-terminal region of prion
protein might help in oligomerization of protein
during amyloidogenesis. Our study indicates that
the N-terminal region plays an important role in
amyloidogenesis, as oxidizing tryptophans in
N-terminal region completely abrogates nucleation,
but does not affect the elongation process. Despite
structural differences, all three proteins studied
lose their ability to form fibrils de novo, while
they remain competent for seeded fibril growth.
UV-exposure, thus, selectively compromises the
ability of these proteins to nucleate as shown in the
schematic diagram (Fig.1).

Fig.1: Schematic representation of effect of UV light on amyloidogenic proteins

hυ
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1. Cell Division and its Regulation in Bacteria

L SaiSree, S Mahalakshmi, R Naga Amrutha, Santosh K
Singh, M R Sunayana, Manjula Reddy

A continuing programme; Ref: the CCMB Annual Report
for 2006-2007, Page-112.

I. Background and work done earlier:

Cell division is an essential and complex process that
involves partitioning of the cytoplasm into two
daughter cells each containing a copy of the cell’s
genetic information. In bacteria, it involves the
formation of a septum at the midcell with concerted
invagination of all the three layers of the cell envelope;
the cytoplasmic membrane, the peptidoglycan wall,
and the outer membrane. In Escherichia coli, this
process is known to require the coordinated assembly
of at least twelve proteins FtsZ, ZipA, FtsA, FtsE/X,
FtsK, FtsQ, FtsL/B, FtsW, FtsI, FtsN, AmiC and EnvC
at the division site in an interdependent and sequential
pathway to form a divisome that facilitates septum
formation. The major objective of this laboratory is to
understand the cell septation process and its
regulation in the model organism, Escherichia coli by
identifying new division genes/proteins using genetic
or biochemical approaches.

We have earlier shown that FtsEX, a putative ABC-
transporter complex, is absolutely required for the
stability of the septal ring assembly in conditions of
low osmotic strength. In addition, it was shown that
the viability of ftsEX mutants in high-osmolarity
conditions is dependent on the presence of SufI, a
prototype substrate of twin-arginine translocase.
Multiple copies of SufI could substitute for FtsEX,
suggesting that FsEX and SufI functions are
redundant for this essential division process (J.
Bacteriol., 2007 189: 98-108).

II. Work done during the year:

The function of SufI was not known although it was
earlier implicated in cell division, based on the finding

that multiple copies of sufI suppressed the mutant
phenotypes of ftsI (ftsI23) that encodes a divisomal
transpeptidase. We have also identified sufI as a
multicopy suppressor as well as a synthetic lethal of
ftsEX. Now, we have shown that sufI is essential for
the viability of E. coli subjected to various forms of
stress including oxidative stress and DNA damage.
sufI mutants also exhibited sulA-independent
filamentation indicating its role in cell division. The
phenotypes of the sufI mutant are suppressed by
factors that stabilize the FtsZ-ring assembly such as
increased expression of cell division proteins FtsQAZ
or FtsN, or presence of the gain-of-function ftsA*
(FtsA R286W) mutation, suggesting that SufI is a
divisomal protein required during stress conditions.
In support of this, multicopy sufI suppressed
the division defects of mutants carrying ftsA12,
ftsQ1 or ftsK44 alleles but not ftsZ84. Most of the
division-defective mutants, in particular, those
carrying ∆ftsEX or ftsI23 alleles exhibited sensitivity
to oxidative stress or DNA damage, and this sensitivity
was also abolished by multiple copies of SufI. All these
data suggested that SufI is a division component
involved in protecting the divisomal assembly in
conditions of stress. Since sufI fulfil led the
requirements to be designated as an fts gene, it was
renamed ftsP (J. Bacteriol., 2007 189:8044-8052). We
are currently investigating the biochemical activity of
SufI by cloning, overexpression, and purification of
SufI-His

6
 fusion protein.

In addition, we have identified several suppressor
mutants of ftsEX and most of these appear to be
defective in a variety of peptidoglycan hydrolases. We
are examining the role of these hydrolases in division,
as over-expression of some of these proteins causes
lethal cell filamentation, which could most likely be
due to the imbalance of the degraded murein
intermediates.

Manjula Reddy
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1. Transcription and Regulation of Gene Expression at Low Temperature
Bhubanananda Sahu, Pragya Mittal, Malay K Ray

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 107-108.

I. Background, importance and work done
earlier:

The Antarctic psychrotrophic bacterium
Pseudomonas syringae Lz4W is a model system that
has been used in this laboratory for understanding
the molecular basis of cold-adaptation. We have
chosen the histidine utilization (hut) operon of this
bacterium to identify the regulatory cis-elements and
trans-acting factors necessary for expression of the
operon at low temperature (0-4oC). Towards this, we
have earlier characterized the HutC repressor protein
and its chromosomal binding sites (i.e., hut-box) of
the target gene hutU, and to the autoregulatory site
of the hutC promoter. This led us to discover that the
two HutC binding sites (hutU-box and hutC-box)
respond differently in the presence of the inducers,
such as histidine and urocanate. A high degree of
inducibility of the target (i.e., hutU gene) and low
inducibility but stricter repression of the ‘self’ (i.e., hutC
gene) by the metabolic inducer (urocanate) appears
to be a key feature of hut operon expression. We have
also evidence for the involvement of carbon catabolite
repressor control (Crc) protein in hut expression,
which is not known for other Pseudomonas species.
In the Antarctic P. syringae, Crc protein acts as an
activator of the hutU gene (encoding urocanase), but
as a repressor for the glucose metabolizing gene zwf1
encoding glucose 6-phosphate dehydrogenase
(G6PDH). A few other enzymes including 6-
phosphogluconate dehydratase (Edd) and 2-keto-3-
deoxy-6-phosphogluconate aldolase (Eda) of Entner-
Doudoroff pathway, lactamidase, and homogentisade
1,2 dioxygenase (HMGA) of aromatics utilization
pathway are also repressed by succinate in a Crc-
dependent manner. More importantly, the molecular
basis and the biochemical activity of Crc protein-
mediated gene regulation are not known in any
Pseudomonas species, and is of interest to us.

II. Work done during the year and future plans:

1. Catabolite repression control (Crc) protein-
mediated gene regulation

We have confirmed the biological activity of a 6×His-
tagged recombinant wild-type Crc protein, in
complementing the crc- phenotype of P. syringae. This
was important for validating and correlating the in vitro
biochemical activities of the recombinant Crc with its
biological activity. The results of different laboratories
including ours suggested that Crc-mediated regulation
takes place post-transcriptionally, most probably at
the level of pre-translated mRNAs, or at the initiation
step of translation of mRNA. Therefore, we checked
the presumptive RNA-binding property of the purified
tagged Crc. We did not find any evidence for the RNA-
binding activity of the gel filtration purified protein in
vitro. This contradicts the result of a recently published
paper, where the Crc protein from P. putida was shown
to bind target mRNA. However, the protein fractions
from pre-gel filtration step of the P. syringae Crc
exhibited RNA-binding activity. Therefore, the direct
binding of Crc to the target mRNAs remains
unsupported. We also examined the ribosome-binding
property of Crc protein, especially to the 30S
ribosomal subunit, and found the results are
ambiguous. Thus, the identification of the biochemical
activity of Crc that might be needed at the post-
transcriptional step for regulating gene expression still
remains elusive.

We also discovered that the Crc-mediated regulation
of hutU and zwf1 is not direct, but is dependent on
HutC and HexR, the repressor and activator of the
two operons, respectively. Therefore, the transcription
and translation fusions of the two regulatory genes,
hutC:lacZ and hexR:lacZ were constructed, and the
reporter lacZ expression from the constructs was
studied.  Analyses showed that the expressions of β-
galactosidase from the translational fusion constructs
are regulated by Crc.

Malay K Ray
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We created single and multiple amino acid substituted
mutants of the P. syringae Crc protein, whose
predicted structural folds, are similar to the human
Ape1 nuclease and the exonuclease III of E. coli.
Analyses of the mutant proteins led to the identification
of a few amino acid residues on the Crc protein that
may be important for its biological activity. Based on
the location of these residues, we are in the process
of generating additional mutations to establish their
presumptive role. Concurrently, we are analyzing the
requirement of the minimum sequence in the 5′-
untranslated regions (5′-UTRs) of the target mRNAs.

2. Expression of genes from the ITS region of
rRNA operon

We reported last year the presence of two kinds of
rRNA operons in the Antarctic P. syringae Lz4W. One,
contained two tRNA genes (tRNAIle and tRNAAla) in
the intergenic transcribed spacer (ITS) between 16S
and 23S rRNA genes and the other lacked the tRNA
genes. Whether the deletion of tRNAs from the ITS in
some of the rRNA operons in the bacterium has any

selective advantage was investigated. The
simultaneous existence of two types of rRNA operon
might be related to the way these rRNA operons are
expressed under different environmental conditions,
by differential processing of the primary transcripts
for the mature 16S and 23S rRNAs, or might have
relationship to the isoleucine auxotrophy of the
bacterium (Sahu & Ray, 2008) for growth under
selection pressure of the nutrition-limited soil of
Antarctica. To test the latter hypothesis, we expressed
the two types of ITS regions under the control of
constitutive lacZ promoter and examined the growth
advantage/disadvantage of the transformed bacterial
strains. We cloned a promoter-less GFP reporter gene
at the end of both types of ITS to monitor the level of
gene expression from the cloned ITS segments. Our
results suggest that the expression of ITS region
harboring the tRNA genes has a slightly deleterious
effect on growth when compared with the tRNA-free-
type. We are examining the fitness of these strains in
mixed cell populations under different temperatures
and culture conditions.

2. Role of RNA-degrading Machinery in Cold Adaptation

Shaheen Sulthana, Pragya Mittal, A. Leela Kumari,
Malay K Ray

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 108-109.

I. Background, importance and work done
earlier:

A novel RNA degrading complex (degradosome) in
the cold-adapted P. syringae was found to be made
up of endoribonuclease RNaseE, exoribonuclease
RNaseR, and RNA helicase RhlE. The
exoribonuclease component PNPase seen in other
bacteria was absent from the complex. Knockout
mutants of rhlE (encoding RhlE) and rnr (RNaseR)
grew at 22oC, but the growth was affected at lower
temperature (4oC). While the rhlE mutant grew slowly,
the rnr mutant died at the low temperature. The rnr

deleted strain displayed defective processing of 16S
and 5S ribosomal RNAs (rRNAs) at 4 oC, in addition
to the defects of mRNA and tmRNA (a small regulatory
RNA) degradation at the low temperature. The defect
in the processing of 3′-end of 16S rRNAs was
analysed to identify the nature of nucleotide sequence
in the unprocessed region, and the putative secondary
structures that might be produced due to the
complementarity of sequence at the unprocessed 3′
tail and the sequence located at the 5′ end of the
immature 16S rRNA species, a possible cause for the
processing defect. The mechanism by which the
exoribonuclease RNase R discriminates between the
RNA substrates with different secondary structures
that require precise processing and those substrates
that need complete degradation is unknown.
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II. Work done during the year and future plans:

1. Analysis of in vitro properties of RNaseR

We have analysed the in vitro biochemical properties
of P. syringae RNase R protein, by expressing and
purifying recombinant 6xHis-tagged RNase R. The
purified RNase R was more active in lower (50-150
mM KCl) than salt concentrations higher (300-500
mM), unlike in E. coli where the enzyme is more active
at higher salt concentration (300 – 500 mM). Gel
filtration analysis of the protein revealed that the P.
syringae RNase R oligomerizes at 500 mM KCl, but
remains monomeric at 50 mM of the salt. This
suggests that the enzyme is active as a monomer,
unlike in E. coli. The enzyme is active in the presence
of Mg2+, Mn2+, and Ca2+, but inactive in the presence
of Zn2+. The enzyme had broad pH optimum between
pH 6.5 to 7.5. The P. syringae RNase R was active
between 0o and 37oC, but displayed maximum activity
at 22oC. Above 37oC, the enzyme lost its activity, as
expected for the psychrophilic enzyme. The
psychrophilic RNase R preferred poly(A) and poly(U)
over poly(G) and poly(C) as substrate. It could also
degrade structured RNA substrates, such as that of
malE-malF intergenic transcript, suggesting a highly
processive nature of the enzyme. Although the P.
syringae RNase R releases nucleotide
monophosphate at each hydrolytic step of RNA
degradation, the end product of the degraded
transcripts was found to be tetramer, rather than dimer
as seen with E. coli RNase R. Thus, in several
properties, the psychrophilc enzyme differed from the
mesophilic E. coli RNase R.

2. Structure-function relationship study on
RNaseR

To dissect the different biochemical activities of RNase
R, we built a structural model of the protein using the
crystallography structure of RNase II with which the
protein shares sequence similarity and structural
homology. Based on the structural model, we created
single amino acid substitution mutants of the protein
in each of the three different RNA-binding domains
(CSD, RNB and S1) and four conserved motifs of the
RNB domain. The wild-type and mutant proteins were
then expressed and purified for in vitro biochemical
activity assays using different RNA substrates. Analysis
of the results of RNA degradation assays so far suggest
that the mutant proteins deleted for the S1 domain
alone, or deleted for both S1 and CSD domains (leaving
only the RNB domain of the protein) retains low but
modest activity, suggesting that RNB domain has the
active site of the exoribonuclease. The RNB domain of
RNase R alone displayed ~5% of the wild-type
degradation activity. Among the single amino acid
substituted mutants of RNaseR, the mutant proteins
D323A, E325A of motif II, and E476A in motif III of the
RNB domain, exhibited reduction of activity by only
~10%, while the E475A mutant of motif III displayed
about ~70% reduction in the activity. Mutation of the
active site residue D276A in motif I led to total loss of
activity. In the biological activity assays, all the single
amino acid substituted mutant proteins were able to
support growth of the ∆rnr strain of P. syringae at 4oC,
but the growth rate of the complemented strains was
much lower when compared to that of the wild-type.

3. RecBCD Complex and Its Importance during Growth at Low
Temperature

T L Pavan Kumar, Anurag Sinha,  Malay K Ray

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 110.

I. Background, importance and work done
earlier:

RecD protein is essential for growth of P. syringae at
low temperature. We dissected the biochemical

activities of the RecD motor helicase protein, by
creating single amino acid substituted mutations in
each of the seven helicase motifs of RecD. Our
analyses of biochemical activities and genetic
complementation results of the RecD mutant proteins
have indicated that ATP hydrolysis activity but not the
DNA-unwinding activity of RecD helicase is essential
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for growth at low temperature. Since RecD protein
functions as a component of the RecBCD complex
for DNA repair and homologous recombination, we
previously examined the effects of individual recB-
null and recC-null mutants of P. syringae, which
suggested that the whole recBCD pathway is
important for growth at low temperature.

II. Work done during the year and future plans:

During this year, we have assessed the functional
exchangeability of RecBCD proteins between the
mesophilic E. coli enzyme (RecBCDEc) and the
psychrophilic P. syringae enzyme (RecBCDPs) by
genetic complementation of the defects of DrecCBD
strains of the two bacterial species. While the
individual RecB and RecC subunits of any one fail to
complement the corresponding null-mutation defects
of the other species, the full complements of the
RecBCD protein could reciprocally complement the
defects of DrecCBD strains of each other. Thus
cognate recognition of the species-specific subunits
appears to be important for functional reconstitution
of an active RecBCD enzyme. The experiment also
demonstrated that RecBCDEc is functionally active at
4oC in P. syringae. Since RecB motor protein contains
not only the helicase domain for DNA unwinding but
also the sole nuclease center of the RecBCD enzyme,
we dissected these two activities by selectively
knocking out each function of the subunit. We found
that the mutants containing nuclease-deficient recB
alleles are able to grow at 4oC, albeit slower than the
wild-type. In contrast, helicase-deficient mutants of
recB failed completely to grow at low temperature.
The slow growth of nuclease-deficient recB strains
can be rescued by expressing the recJ gene
(encoding 5′→3′ exonuclease) from a multicopy
plasmid. Thus, it appears that RecB-dependent
nuclease activity is probably compensated by RecJ
exonuclease in vivo, while the RecB-dependent
helicase activity is essential for the RecBCD function
during growth at low temperature.

We also assessed DNA repair and recombination
proficiency of the RecBCD enzymes of P. syringae,

using ∆recCBD strain of E. coli as a surrogate genetic
system. Our analyses show that RecBCDPs enzyme is
proficient in homologous recombination, both in Hfr
crosses and in mixed l phage crosses. However, the P.
syringae enzyme does not recognize c (Chi) sequence
for stimulation of recombination in E. coli. Additionally,
using the T4 2- phage assay system, we measured the
in vivo ExoV exonuclease activity of the RecBCDPs

enzyme, which shows that the helicase mutants of both
the motor proteins (RecBK28Q and RecDK229Q) in
RecBK28QCD and RecBCDK229Q complex have reduced
ExoV activity, about 1000 fold lower than the wild-type
enzyme. On the other hand, the nuclease mutation of
the RecB subunit in RecBD1118ACD enzyme shows
highly reduced ExoV activity, which is 106 fold lower
than the wild-type. In biological activity assay, which
involves the complementation of growth defect of the
∆recCBD strain (LCBD) by expressing the enzymes
from multi-copy plasmid, it was observed that the
RecBD1118ACD enzyme could support the growth of
LCBD at low temperature, while the RecBK28QCD and
RecBCDK229Q enzymes failed to complement the defect.

Biochemical activity assay of the RecBCDPs enzyme
in vitro indicates that the enzyme is able to unwind
the 4.4 kbp pBR322 plasmid at 22oC, under the
helicase assay conditions (at higher ATP/ Mg2+ ratio),
but not at the lower temperature (4oC). However, under
the nuclease assay conditions (at lower ATP/ Mg2+

ratio) the enzyme could quite efficiently unwind the
plasmid at 4oC. Thus, it appears that the RecB-
associated nuclease activity of RecBCD complex
plays a critical role during unwinding of DNA duplex
at the lower temperature of growth, and the cellular
concentration of ATP and Mg2+ might have a role in
this process. The helicase mutant enzymes
(RecBK28QCD and RecBCDK229Q) as expected, failed
to unwind the plasmid DNA, while the nuclease mutant
of the RecBCD enzyme displayed ~90% of the
helicase activity in the in vitro plasmid unwinding
assay. The RecBD1118ACD enzyme did not display
nuclease activity under the nuclease assay condition
(high Mg2+ and low ATP), but could support DNA repair
and growth of P. syringae at low temperature (4oC).
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4. Genes Essential for Growth at Low Temperature

K Rajkumari, A Leela Kumari, Malay K Ray

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 110-111.

I. Background, importance and work done
earlier:

Low temperature biology of microorganisms and their
biotechnological application is highly dependent on
the identification of genes essential for growth at low
temperature. We have identified several genes from
the analysis of a library of the transposon-induced
cold-sensitive mutants of P. syringae, which are likely
to play important roles during the growth. Among
them, the mutant CS285 (orf3::Tn5) had the defects
of outer membrane. orf3 is the first gene of the orf3-
lolB-ipsK operon. At low temperature (4oC), the mutant
cells become larger, deformed in shape, and then lyse
in culture. While the function of the hypothetical orf3
gene of P. syringae is not known, lolB is an essential
gene of E. coli, in which LolB protein is involved in
the localization of lipoproteins in the outer membrane.

II. Work done during the year and future
plans:

1. Relative importance of orf3 and lolB in the
outer membrane function of P. syringae

We reported previously that lolB on a multicopy
plasmid alleviates the low-temperature specific growth

defect of CS285 (orf3::Tn5) mutant. On the other hand,

orf3 gene alone on the multicopy plasmid failed

to complement the growth defects of CS285.

Since LolB protein is essential in many bacteria,

and the mutant CS285 was able to grow at 22oC,

we checked the expression of lolB gene in the

mutant. Transcriptional analysis using Northern

hybridization and RT-PCR indicates that lolB

gene is indeed transcribed from a promoter

located within the reading frame of orf3, in

addition to the orf3-upstream common promoter

of the operon. The orf3-upstream promoter

is upregulated at low temperature (4oC), but the

lolB-upstream promoter is constitutively expressed

at both low and high (22oC) temperatures.

Primer extension analysis showed that the

lolB-upstream promoter is located downstream

of the orf3::Tn5 fusion site in CS285. All together,

it appears that orf3-encoded protein is required

for LolB functional activity at 4oC, but not at 22oC.

This requirement of Orf3 can be compensated

by expressing higher amount of LolB protein at

the low temperature. Why Orf3 activity is essential

for LolB function at low temperature is currently

under investigation.

5. Low Temperature Protein Expression System
A Leela Kumari, Malay K Ray

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 111.

I. Background and importance:

To develop the psychrotrophic P. syringae Lz4W as a
protein expression system, we previously reported
characterization of an indigenous plasmid pLz4W
from the bacterium, for subsequent construction of
the shuttle plasmid vectors of P. syringae and E. coli,
which can be used for foreign gene expression at low
temperature. DNA sequence analysis of pLz4W had

revealed nine putative open reading frames (ORFs)
including a PAS (plasmid addition system) for plasmid
maintenance. The shuttle plasmid vectors would be
useful for expression of active proteins that otherwise
produce inactive inclusion bodies in traditional E. coli
based protein expression systems.

II. Work done during the year and future
plans:

Construction of pCLz series of shuttle plasmids

We have now constructed a series of pCLz plasmids
by ligating different DNA fragments of pLz4W into the
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low copy number plasmid pCL1920 (4.6 kbp) of E.
coli.  We have obtained several hybrid plasmids that
have the spectinomycin resistance marker of
pCL1920, which were able to replicate both in
P. syringae and in E. coli. These plasmids were
stably maintained in P. syringae suggesting that
the putative origin of replication of pLz4W has been
retained on the hybrid plasmids. DNA sequencing
analyses have putatively identified a common

DNA segment that may constitute the ori region
of pLz4W. Transformation of other Pseudomonas
strains with the plasmids indicates that the hybrid
pCLz plasmids have the ability to replicate in many
other mesophilic and psychrophilic Pseudomonas
species, and Xanthomonas sp. The pCL plasmids
would be useful for developing flexible protein
expression system for low temperature adapted
bacteria.
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1. Exploring the Structural Basis of Amino Acid Recognition in Class II
tRNA Synthetases

Tanweer Hussain, Sadeem Ahmad, Shobha P Kruparani,
Biswajit Pal, R Sankaranarayanan

A continuing programme; Ref: CCMB Annual Report for
2006-07, pages, 113-114.

I. Background and importance:

The rules of the genetic code are established by
aminoacyl-tRNA synthetases (aaRSs) through
attachment of the correct amino acid to the cognate
tRNA. In order to achieve this, they have to recognize
a cognate tRNA from a pool of tRNAs and the
corresponding amino acid from a set of structurally
similar amino acids. Our previous work has identified
a unique editing module attached to a tRNA
synthetase and allowed us to propose a post-transfer
editing mechanism (Nature Struct. Mol. Biol. 2005;
EMBO J. 2006). The study identified an
‘enantioselectivity sieve’ for discriminating chiral
molecules which is used by nature in two different
functional contexts: 1) for L-serine removal as a part
of ThrRSs from archaea, and 2) for removing D-amino
acids incorrectly attached to tRNA in DTDs. Currently,
our efforts are focused on understanding the structural
basis of this inversion of enantioselectivity by
determining crystal structure complexes with L- and
D-amino acids in the active site of both the modules
and the mutants that we have generated.

II. Work done during the year:

We have earlier identified a crucial invariant residue

R Sankaranarayanan

(Lys121) in the active site of the archaeal ThrRS
editing domain. In order to elucidate its role, a Pab-
NTD mutant (K121M) was cocrystallized with
substrate analogs. Well diffracting crystals were
obtained and diffraction data sets were collected using
the in-house X-ray source. The structures of the
complexes were solved by molecular replacement
using the coordinates of the wild-type protein. Clear
electron densities were observed for the substrate
analogs in the editing pocket in respective complexes.
Currently, we are in the process of analyzing these
complexes. Attempts to capture free D-amino acids
in the active site also are in progress.
We have cloned DTD from Mycobacterium
tuberculosis and Vibrio cholerae that functions to
remove D-amino acids mischarged on tRNA. The
recombinant protein from Mycobacterium tuberculosis
could not be expressed in the soluble form. Attempts
to refold the protein from the insoluble fraction resulted
in very low yield. The recombinant DTD from Vibrio
cholerae could be expressed in the soluble form. The
protein was purified using ion exchange and gel
filtration chromatography. Screening for crystallization
condition with the purified proteins is under progress.
Our current efforts are also focused on understanding
the editing mechanism of cis- and trans-editing
domains, which have a fold similar to that of the
canonical editing domains found in eubacterial and
eukaryotic threonyl-tRNA synthetase.

2. Structural Basis for Thermostability of Bacillus subtilis Lipase

Md Zahid Kamal, N Madhusudana Rao,
R Sankaranarayanan

A continuing programme; Ref: CCMB Annual Report for
2006-07, page, 114.

I. Background and importance:

Enzymes that can work efficiently at high temperature
are of great importance to industrial applications.
Lipases are amongst the most viable industrial

products. We have taken a lipase from Bacillus subtilis
(LipA) as a model enzyme to study the structural basis
of its thermostability. This 19,348 Da molecule is one
of the smallest lipases known, showing very broad
substrate specificity. Absence of a lid around the active
site, a hallmark feature of many lipases, enables this
molecule to work on soluble substrates besides acting
on emulsified ones. High resolution crystal structure
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has established ‘a’ minimal α/β hydrolase fold’ domain,
which consists of a central six-stranded parallel β-
sheet, covered by two α-helices on one side and three
on the other side. Earlier, we have solved the high
resolution crystal structures of lipases and deciphered
the mechanism of stability of a triple mutant and
subsequently crystallized two more variants with six
and nine thermostabilizing mutations.

II. Work done during the year:

All these mutants were generated using directed
evolution technique under the dual selection of high
thermostability without loss of room temperature
activity. We have solved high-resolution crystal
structures of two stable variants named 2D9 and 4D3
containing six and nine mutations respectively. These
variants crystallized under drastically different
conditions from each other besides differing from
earlier reports. The 4D3 mutant, containing all the nine
stabilizing mutations, crystallized with twelve protein
molecules in the asymmetric unit, enabling us to
explore the stabilizing mechanisms by mutations with
high confidence against a very redundant data set.

Our structural analysis revealed the stabilization
strategies like substitutions of nonpolar to polar
residues on protein surface, better van der Waals
contact, improved hydrophobic packing, strengthening
of electrostatic network, termini capping of α-helices
and water-bridging. We have found that all mutations
were necessarily stabilizing the loops. Going by
conventional wisdom that unstructured regions are
the unfolding initiation sites of proteins and also that
helix opening starts at terminus, it can be surmised
that directed evolution has picked up the weakest
possible sites on the protein molecule and stabilized
it further by mutations. Our structural study has
also highlighted the role of less appreciated
water bridging as a very efficient stabilization
scheme. Most of these mutations caused the
appearances of multiple weak interactions. We believe
that at room temperature these interactions stabilize
the protein molecule but individually they can be
disrupted with the minimum amount of energy. This
special feature imparted the lipase a high stability
without losing its flexibility and hence its activity at
room temperature.

3. Structure-function Studies on Polyketide Synthases and Fatty Acid
Synthases

Aneesh Goyal, Asfarul Haque, M A Ata-ur Rahman,
A Madhankumar, R Rukmini, P Sambhavi,
R Sankaranarayanan (in collaboration with the group
of Dr. Rajesh S. Gokhale, NII, New Delhi)

A continuing programme; Ref: CCMB Annual Report for
2006-07, pages, 114-116.

I. Background and importance:

Polyketide synthases (PKSs) form a large family of
multifunctional proteins involved in the biosynthesis
of diverse classes of natural products. Architecturally,
three different types of PKSs have been discovered
in the microbial world and recent years have revealed
tremendous versatility of PKSs, both in terms of their
structural and functional organization and in their
ability to produce compounds other than typical
secondary metabolites. Genome sequencing projects

have provided a new dimension to the field of type III
PKSs. For a long time, these proteins were believed
to be restricted to plants and were known to utilize
precursors from phenylpropanoid pathway to produce
flavonoids. The recent discoveries of type III PKSs in
different organisms, including fungi, bacteria and
actinomycetes, have demonstrated the wide
distribution of this class of enzymes. One such PKS
type III, found in the fungus Neurospora crassa, shows
specificity towards long-chain (C14-C22) aliphatic
CoA thioesters, producing alkyl resorcinols.
Neurospora crassa genome contains seven
polyketide synthase genes but no polyketide product
has been identified till date. To understand this unusual
specificity towards long chain molecules and the
cyclization specificity for product formation, we had
earlier crystallized this protein.
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II. Work done during the year:

PKS18

PKS18, a type III PKS from Mycobacterium tuberculosis
displays a broad specificity for aliphatic long-chain acyl-
coenzymeA (CoA) starter units (C6 to C20) to produce
tri- and tetra-ketide pyrones through a chemical strategy
of iterative decarboxylative condensation. It is
functionally homodimeric with each monomer
containing of 393 residues with a Mw=45 kDa and
sequence homology of 42% with plant chalcone
synthase (CHS), PKS18 utilizes malonyl-CoA as the
extender unit and shows catalytic efficiency for long-
chain acyl-CoA substrates. Our crystallographic
investigations of the first bacterial type III PKS, PKS18
at a 2.25Å resolution had earlier revealed a conserved
thiolase fold with (i) a novel 20Å long substrate-binding
tunnel and (ii) a 16Å long CoA-binding tunnel.

Each monomer utilizes a conserved catalytic triad
Cys175-His313-Asn346 for enzymatic activity. Our
functional studies confirmed Cys175 as the catalytic
nucleophile. Cys175→Ala mutant binds fatty acyl-CoA
but showed complete inactivation of polyketide
formation. To understand the mechanistic basis for the
unusual long-chain specificity, we determined the
crystal structure of PKS18 active site mutant C175A,
complexed with lauroyl-CoA by molecular replacement
and refined to a 2.05Å resolution. CoA is the primary
acyl group carrier during the process of catalysis in
most of the type III PKSs. The functional group of CoA
is the thiol group which makes a thioester bond with
the acyl group to facilitate condensation reactions at
the α- and β-carbon of the fatty acyl groups.

Our crystallographic analysis reveal the presence of
two equivalent sites originating from the catalytic
interior and orienting away from the protein interface
in the dimeric molecule for CoA-binding. Each 16Å
long CoA-binding tunnel facilitates appropriate
positioning of substrate molecule at the active site.
Binding of CoA molecule did not show any major
ligand-induced rearrangement in the structure of the
mutant C175A. However, subtle changes were

observed in the side chains and the torsion angles of
the residues that shape the CoA-binding pocket. The
geometry/size of the active site cavity in mycobacterial
PKS18 is strikingly different from that in plant type
IIIPKSs such as CHS and 2PS. Comparative analysis
show limited conservation of residues that participate
in CoA-binding in type III PKSs. The study thus
provides clues to unravel the intriguing mechanisms
that generate metabolic diversity among microbial
type III PKSs and plant chalcone synthases.

A type III PKS from Neurospora crassa

The crystal structure of a fungal type III PKS from
Neurospora crassa (PKSIIINc) has been solved at
2.58 Å resolution (Fig.1). We have investigated the
molecular basis of starter molecule specificity of
PKSIIINc using mutational studies and by comparing
it with similar type III PKS proteins. PKSIIINc protein
displays promiscuous starter unit specificity and
catalyzes biosynthesis of 5-n-alkylresorcinol by using
very long chain acyl-CoA starter substrates. Small and
medium chain precursors on chain extension undergo
alternate mode of cyclization to primarily synthesize
pyrone products. However, tetraketide resorcinols are
the major products from very long chain starter

Fig.1: A ribbon diagram of the dimeric type III PKS of
Neurospora crassa. The two monomers are represented in
cyan and green, respectively. The location of the active site
is indicated by displaying the side chains of Cys152, His305

and Asn338, which forms the catalytic triad.
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molecules. The structure-based mutagenic studies
have revealed interesting molecular features of a long
hydrophobic tunnel. A single point mutation of tunnel
lining residue (Ser186Phe) abrogated formation of
resorcinolic molecules and resulted in synthesis of
triketide pyrones by retaining the ability to accept long
chain starters. An additional mutation of Ser340Leu
blocked the substrate-binding tunnel probably by
reorienting the aromatic ring of Phe in the pocket. Our
studies thus provide evidence for a functional link
between cyclization as well as acyl chain binding
pockets. This first structure of a resorcinolic lipid
synthase provides a novel perspective in
understanding mechanistic complexity of type III PKSs
and suggests strategies to engineer these enzymes
for new metabolic products.

Non Ribosomal Peptide Synthases and Enoyl-CoA
hydratases

Non Ribosomal Peptide Synthetases (NRPSs) are
large multifunctional enzymes, widely spread in
bacteria and fungi, having the ability to produce
peptides, which may act as antibiotics,
immunosuppressants, toxins or specific enzyme
inhibitors. These enzymes are multidomain-
multimodular and each module has a specific substrate,
which may be a naturally occurring amino acid or
various other metabolites. In NRPSs, the number of
modules and thus the incorporated residues are
identical to the number of building blocks found in the
final product. Modules can be subdivided into domains
that have the catalytic activities for substrate recognition
and activation: adenylation domain (A domain), loading
domain: peptidyl carrier protein (PCP) and peptide bond

forming condensation domain (C domain). Sometimes
modifying domains are also included in a module. In
most cases, a thioesterase domain attached to the last
module is responsible for product release either as
cyclic, branched-cyclic, or linear product. In
mycobacterium NRPS, a novel reductase domain (R
domain) exists instead of a thioesterase domain.

The function and mechanism of the mycobacterium
NRPSs is still unknown. So far domain-wise structure
of a few NRPS has been solved but the structure of
the reductase domain remains elusive. Therefore, we
have started structural studies of the reductase
domain of the NRPS from Mycobacterium
tuberculosis, which will give a better understanding
of the mechanism of these enzymes and their possible
role in the biology of mycobacterium.

Enoyl-CoA hydratases (ECH) are enzymes
involved in the hydration of  β unsaturated enoyl-CoA
thioesters during the β oxidation pathway of fatty
acid metabolism. We have crystallized a putative
ECH from Mycobacterium smegmatis. We are
attempting to solve its structure to a resolution of
3Å by molecular replacement method using the
corresponding structure from Rattus norvegicus
as model. The ECH protein crystallizes in the
space group R3 and the unit cell dimensions are
a=b=102.8; c=147.3; α=β=900; γ=1200. We are
attempting to grow better crystals for collecting a
high-resolution data set. ECH from M. smegmatis is
conserved in most of the mycobacterial strains
and therefore, it will be useful for the understanding
of mycobacterial biology and to identify it as a
potential drug target.

112



4. Structure-function Analysis of Virulence Factors of Xanthomonas
oryzae pv. oryzae, the Bacterial Leaf Blight Pathogen of Rice

G Aparna, Avradip Chatterjee, R V Sonti, R
Sankaranarayanan

A continuing programme; Ref: CCMB Annual Report for

2006-07, pages, 116-117.

I. Background and importance:

Xanthomonas oryzae pv. oryzae is a plant pathogen

causing leaf blight of rice. It secretes a battery of

enzymes to degrade the host cell wall and gain entry

into the xylem vessels, which it colonizes. The

secretome of this pathogen consists of a cellulase,

lipase/esterase, cellobiosidase, xylanase, phytase etc.

We are interested in studying the structure-function

relationship of these enzymes.

LipA is a 42 kDa lipase/esterase which crystallized in

monoclinic space group. It shows <20% identity to

general bacterial and fungal lipases/esterases but a

high sequence homology to a class of less

characterized bacterial ‘secretory’ lipases, most of

which are annotated as conserved hypothetical

proteins. Importantly, LipA-like proteins are present

in most gram-negative plant pathogens, indicating that

an esterase activity different from feruloyl esterases,

pectinases and cutinases is essential for infection of

plants. It was shown earlier that LipA protein, when

inoculated on the rice leaves, causes programmed

cell death in the leaves, a symptom of Hypersensitive

Response (HR) of rice. It is hypothesized that

degradation of rice cell wall by LipA causes certain

cell wall products (elicitors) to be released, which in

turn responsible for the HR.

II. Work done during the year:

X-ray crystal structure of LipA was solved using

multiple isomorphous replacement (MIR) method, in

a native form and a ligand-bound form. Our preliminary

results show that LipA could be a carboxylesterase

binding to a glycoside (β-octyl glucoside) in vitro. We

have identified in LipA a genus-specific substrate-

binding domain with a distinct glycosyl and aryl/acyl-

recognition pockets. ‘Tunnel’-blocking mutations show

decrease in in vitro substrate binding, reduced HR

and most interestingly, reduced virulence. We are

mutating several residues along the binding pocket

to show the tunnel is employed in planta for binding

the natural substrate.

5. Structural and Functional Studies on Calcium-binding Proteins

P Aravind, Yogendra Sharma, R Sankaranarayanan

A continuing programme; Ref: CCMB Annual Report
for 2006-07, page, 117.

I. Background and work done earlier:

βγ-Crystallins are a superfamily of proteins known to
provide transparency to the eye lens. Most of the
known βγ-crystallins in vertebrates are found in the
eye lens. AIM1 is a complex βγ-crystallin present
in non-lens tissue. It was shown to contain six
βγ-crystallin domains whose expression was
associated with suppression of melanoma. AIM1g1,

the first βγ-crystallin domain of AIM1, is the most
variant of βγ-crystallin domains currently known.

II. Work done during the year:

Structural analysis showed that despite changes
in key residues, the domain retains the overall
βγ-crystallin fold. Although structural similarity
is evident in the β-sheet regions, the domain has
distinct differences from other structures
particularly in the loop regions. While all other
vertebrate domains are related with RMS deviations
in the range of 0.6 to 1.5 Å, AIM1g1 shows RMS
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deviation of 2.0 Å to 2.5 Å for 70-75 Cα residues
with conventional βγ-crystallin domains (Figs. 1a, b).
The β1 and β2 strands are partly splayed apart
due to lack of formation of a regular β-hairpin
loop while the insertion in the second motif leads
to formation of a large loop between strands β7
and β8. The orientation of this loop has very little
similarity among the other loops in similar position
found in these domains. The domain also
contains an unusual extended surface loop
that significantly alters the shape of the domain
and its charge profile. This loop has an accessible
surface area of ~1200Å2 which is 20% of the
total 6009 Å2 accessible surface area of the domain.
Residues in the loop form a strong electronegative
region that could potentially bind divalent cations
like calcium. This is the first non-lens vertebrate βγ-
crystallin structure and it helps illustrate the resilience
of the βγ fold to considerable sequence changes.

In order to demonstrate the universality of calcium
binding in this superfamily, we have cloned βγ-crystallin
domains from unrelated organisms, for example M-
crystallin from Methanosarcina acetovirans an archaea,
Flavollin from Flavobacterium johnsonii, Clostrillin from
Clostridium beijerinckii and Nitrollin from Nitrosospira
multiformis. We have overexpressed the domains and
purified them by refolding protocols from inclusion
bodies. Purified homogeneous proteins were
crystallized employing high throughput crystallization
procedures and manual expansions. Structures of
these proteins were solved using X-ray crystallography.
Molecular replacement method was used for solving
the first three structures and multiple isomorphous
replacement method was used to solve the structure
of Nitrollin. The ongoing structural analysis would
provide detailed insights, at atomic resolution, into the
sites and mode of calcium-binding in the βγ-crystallin
superfamily.

Fig.1: (a) Domain structure of AIM1g1 (pdb id-3cw3); (b) Structural overlap of ciona crystallin (pdb id-2bv2) and AIM1g1, with
an rmsd of 2.0Å for 71 Cα atoms.
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1. Drosophila Genetics and Developmental Biology

L S Shashidhara, Pavan Aggarwal, V Bharathi, Tripura
Chaturvedula, Rajesh Gupta, T T S Harsha, Ramakrishna
Kannan, Jeevan Karloss, Karedla Kavitha, Kalpana
Makhijani, Naveen Prasad, Palaparthi Ramesh, Sudha
Rani, Prashanth Ramesh Rao, N Usha, Ramesh
Yelagandula.

A continuing programme: Ref: the CCMB Annual Report
for 2006-07, Pages, 119-120.

Mechanism of Hox Function

I. Background:

Suppression of wing fate and specification of haltere
fate in Drosophila by the homeotic gene Ultrabithorax
(Ubx) is a classical example of Hox regulation of serial
homology (Lewis, 1978), which has served as a
paradigm for understanding homeotic gene function.
One way to approach the mechanism of Ubx function
is to reconstruct a wing appendage in the third thoracic
segment without altering the patterns/levels of Ubx
expression. This necessitates identification of genes
that are differentially expressed between wing and
haltere discs and reverse-engineer the expression of
one or more of those genes during haltere
development. We have employed several
complementary approaches to identify targets of Ubx.
Several observations from our lab and from others
suggest that Ubx down regulates activities of the
signaling centers, such as anterior-posterior (A/P) and
dorso-ventral (D/V) organizers, to specify haltere fate.
Downstream of A/P and D/V signaling pathways, Ubx
negatively regulates EGFR pathway to repress the
development of wing-specific features, such as veins
and sensory organs of the wing-margin. Our
observations suggest a mechanism in which Ubx
dampens organizing activities of compartment
boundaries and thereby, repress the wing fate.

II. Work done during the year:

Our current and future efforts in this direction involve
identifying those genes that have come under the
influence of Ubx specifically during dipteran evolution.
This involves extensive bioinformatics analyses and
identifying direct targets of Ubx by Chromatin-
immunoprecipitation (ChIP) from different insect

groups such as Apis, butterflies, silkworm, Tribolium,
mosquito and different species of Drosophila.

1. We have developed a database of non-coding
sequences for all the known genes of Drosophila,
Anopheles, Apis and Tribolium. As the annotation
of Anopheles, Apis and Tribolium genomes is
not complete, we first identified homologues by
comparing coding sequences and then
generated non-coding sequences for the
corresponding genes (Jeevan Karloss).

2. These sequences are being compared for
common motifs amongst wing-specifying genes,
common motifs amongst targets of Ubx and
dipteran-specific motifs that may provide us clues
on genes that have come under the regulation
of Ubx during haltere evolution.

3. Last year we had reported that, to enable ChIP-
based genome scan for potential direct targets
of Ubx, we had  expressed and purified full-length
and N-terminal (homeo-domain deleted) Ubx
from Drosophila and Precis coenia (butterfly) and
raised polyclonal antibodies of good titre against
the same. Polyclonal antibodies against
Drosophila Ubx are being used in all ChIP-on-
chip experiments. Subsequently, we have cloned,
expressed and purified Ubx from Bombyx and
Apis. As Ubx cDNA was not available for these
two species, this involved isolating total mRNA,
generating cDNAs, followed by RT-PCR to isolate
Ubx cDNA. The purified proteins are being used
to raise antibodies against Ubx of these two
species (Ramesh Yelagandula, Pavan Aggarwal,
Naveen Prasad and TTS Harsha).

Ataxin-2 Binding Protein 1 is a Context-
specific Cofactor of Cubitus-interruptus in
Drosophila

We have identified a novel cofactor for an important
transcription factor regulating growth and development
in all known multicellular animals. Animal growth and
development is dependent on reiterative use of

L S Shashidhara
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key signaling pathways, such as the Hedgehog
(Hh) pathway. It is widely believed that Cubitus-
interruptus (Ci) mediates all functions of the Hh
pathway, although the mechanism of diversity in its
function is less understood. We have shown that
CG32062, the Drosophila homologue of Ataxin-2
Binding Protein 1 (dA2BP1), functions downstream
of Hedgehog signaling pathway to specify intervein
regions between L3 and L4 veins of the adult wing.
Particularly, Ci-mediated transactivation of knot/collier
in the presumptive L3-L4 intervein region is dependent
on dA2BP1. Interestingly, dA2BP1 does not influence
Ci-mediated activation of dpp in the same cells,
suggesting that it functions as a context-specific
cofactor of Ci. The two proteins are part of a single
complex, which binds to the promoter of knot/collier.
Our results have significance in understanding tissue-
specific function of Hedgehog/Ci pathway as well as
the mechanism of manifestation of Spinocerebellar
ataxia type 2 (N Usha).

Structure-Function studies on the signaling
molecular Hedgehog

Neha Vyas, Dr Satyajit Mayor and other members of
NCBS, Bangalore have carried out structure-function
relationship studies on the key signaling molecule
Hedgehog. We provided required in vivo transgenic
assay systems to examine signaling abilities of
different forms of Hedgehog. The results of this
combined effort suggest that cell-surface Hh forms
sub-optical oligomers, further concentrated in visible

clusters co-localized with Heparin-sulphate
proteoglycans (HSPGs). Mutation of a conserved Lys
in a predicted Hh-protomer interaction interface results
in an autocrine signaling-competent Hh isoform -
incapable of forming dense nanoscale oligomers,
interacting with HSPGs, or paracrine signaling. Thus,
Hh exhibits a hierarchical organization from the
nanoscale to visible clusters with distinct functions
(Cell, in press).

Structure-Function Studies on Human Colon
Cancer Gene apc

In our continued efforts to use Drosophila as a model
system to understand cancer and other human
diseases and function of human genes, we have
explored the dynamics of phosphorylation status of
the product of the colon cancer gene apc. There have
been conflicting reports on the requirement of GSK-
3β-mediated phosphorylation of the tumor suppressor
Adenomatous polyposis coli (APC) vis-à-vis its ability
to bind and degrade β-catenin. Using a unique
combination of loss of function for Shaggy/GSK-3β
and a gain of function for human APC in Drosophila,
we have shown that misexpressed human APC
can still sequester Armadillo/β-catenin. In addition,
human APC could suppress gain of Wnt/Wingless
phenotypes associated with loss of Shaggy/
GSK-3β activity (Fig.1), suggesting that sequestered
Armadillo/β-catenin is non-functional. Based on these
studies, we have proposed that binding of β-catenin
by APC does not require phosphorylation by GSK-3β
(Oncogene, in press).

Fig.1: Over-expressed human APC (hAPC) can suppress adult phenotypes caused by the removal of Sgg/GSK-3β activity.
(A-B) Representative adult phenotypes (ectopic wing-margin bristles) of sggM11 clones in wild type (A) or in en-GAL4/UAS-hAPC
background (B). Note dramatic absence of ectopic margin bristles in the posterior compartment of the wing blade in B.
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1. Calcium-binding Proteins

Maroor Kunjachen Jobby, P Aravind, Rajeev Raman,
Parmeshwar Reddy, Shashi Kumar Suman, Vijeta
Raghuram, Shanti Swaroop Srivastava, G Rama Ramesh,
Aditya K Singh, Amita Mishra, Yogendra Sharma

A continuing programme; Ref: CCMB Annual Report for
2006-2007, pages, 121-22.

Calcium-binding properties of members of
the beta gamma-crystallin superfamily

I. Background and importance:

The β- and γ-crystallins are closely related lens
proteins that are members of the βγ-crystallin
superfamily, which also include many non-lens
members. βγ-Crystallins have a characteristic
duplication of a highly conserved Greek Key motif.
Most members of the superfamily in vertebrates are
structural proteins of the eye lens that contain four
motifs arranged as two structural domains.  We have
shown earlier that γ-crystallin binds calcium, which
might play important role in calcium homeostasis. We
have shown the presence of this domain in other non-
lens proteins and suggest that these proteins should
bind calcium.

II. Work done during the year:

The βγβγβγβγβγ-crystallin domain of Absent in melanoma
(AIM1) protein (In collaboration with R
Sankaranarayanan)

Absent in melanoma-1 (AIM1), an unusual member
of the superfamily whose expression is associated
with suppression of malignancy in melanoma,
contains 12 βγ-crystallin motifs in six domains. Some
of these motifs diverge considerably from the
canonical sequence. AIM1g1, the first βγ-crystallin
domain of AIM1, is the most variant of βγ-crystallin
domains currently known. To understand the limits of
sequence variation on the structure, we determined
the crystal structure of AIM1g1 at 1.9Å resolution. In
spite of having changes in key residues, the domain
retains the overall βγ-crystallin fold. The domain also
contains an unusual extended surface loop that
significantly alters the shape of the domain and its

Yogendra Sharma

charge profile. This structure illustrates the resilience
of the βγ fold to considerable sequence changes and
its remarkable ability to adapt for novel functions.

Calcium-binding proteins of EF-hand
superfamily

Regulatory and structural EF-hand motifs of
neuronal calcium sensor-1: Mg2+ modulates Ca2+-
binding, Ca2+-induced conformational changes
and equilibrium unfolding transitions

Neuronal calcium sensor-1 (NCS-1) is a major
modulator of Ca2+-signaling with a known role in
neurotransmitter release. NCS-1 has one cryptic
(EF1), and three functional EF-hand motifs (EF2, EF3
and EF4). However, it is not known which motifs are
regulatory (Ca2+-specific) and structural (Ca2+ or Mg2+

binding). For understanding the specialized functions
of NCS-1, identification of ionic discrimination of the
EF-hand sites is important. We determined the
specificity of Ca2+-binding using NMR and EF-hand
mutants. Ca2+ titration as monitored by 15N-1H HSQC
suggests that Ca2+ binds to the EF2 and EF3 almost
simultaneously followed by EF4. Our NMR data
suggest that Mg2+ binds to EF2 and EF3, thereby
classifying them as structural sites, whereas EF4 is a
Ca2+-specific or regulatory site. This was further
corroborated using an EF2/EF3 disabled mutant,
which binds only Ca2+ and not Mg2+. Ca2+-binding
induces conformational rearrangements in the protein
by reversing the Mg2+-induced changes in Trp
fluorescence and surface hydrophobicity. Exchanging
or replacing Mg2+ by Ca2+ reduces the Ca2+-binding
affinity of NCS-1 from 90 nM to 440 nM, which would
be advantageous to the molecule by facilitating the
reversibility to the Ca2+-free state. Though the
equilibrium unfolding transitions of apo and Mg2+-
bound NCS-1 are similar, the early unfolding
transitions of Ca2+-bound NCS-1 are partially
influenced in the presence of Mg2+. We demonstrated
the importance of Mg2+ as a modulator of calcium
homeostasis and of the NCS-1 active state.
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1. Microbial Biodiversity of Antarctica, Himalayan glaciers and the
Indian Ocean and the Molecular Basis of Adaptation to Low
Temperature

M K Chattopadhyay, G S N Reddy, V R Sundareswaran,
Pavan Kumar Pindi, R Ruth Manorama, Pawan Kumar
Singh, K Hara Kishore, Ashish Kumar Singh, Zareena
Begum, S Shivaji

A continuing programme; Ref: CCMB Annual Report for
2006-07, Pages, 123-126.

I. Background and work done earlier:

The laboratory has studied the biodiversity of bacteria
from cold habitats in Antarctica, Himalayan glaciers
and from the depths of the ocean, using conventional
microbiology and molecular taxonomy. These studies
have led to the identification of a number of new
bacterial species that grow at low temperatures. In
addition these bacteria have also been used as model
systems to unravel the molecular basis of low
temperature adaptation. Earlier studies have
demonstrated that the adaptation of the bacteria to
low temperature is dependent on their ability to sense
temperature, modulate membrane fluidity, and carry
out metabolic activities and regulate and express
genes at low temperatures. During the year, we have
continued the research on both bacterial biodiversity
and the molecular basis of cold adaptation.

II. Work done during the year:

1. Bacterial biodiversity of Antarctica

Exiguobacterium soli sp. nov., a psychrophilic
bacterium from the McMurdo Dry Valleys, Antarctica

A novel psychrophilic bacterium, DVS 3YT, was
isolated from a moraine sample from the McMurdo
Dry Valleys, Antarctica. This bacterium is Gram-
positive, motile, rod-shaped and non-spore forming,
and possesses MK-6, MK-7 and MK-8 as the major
menaquinones and Lys-Gly type of peptidoglycan and
a G+C content of DNA of 48.5 mol%. It is similar to
species of the genus Exiguobacterium. Phylogenetic
analysis based on the 16S rRNA gene sequence
(1518 nucleotides) further confirmed the affiliation of

DVS 3YT to Exiguobacterium and it exhibits >97%
similarity with Exiguobacterium acetylicum DSM
20416T (97.4%), Exiguobacterium oxidotolerans DSM
17272T (97.4%), Exiguobacterium indicum IAM
15368T (97.6%), Exiguobacterium undae DSM 14481T

(98.2%), Exiguobacterium sibiricum DSM 17290T

(98.6%) and Exiguobacterium antarcticum DSM
14480T (99.6%). However, relatedness of the overall
genomes was less than 70%. Phenotypic,
chemotaxonomic and phylogenetic data suggest that
DVS 3YT merits the status of a new species, for which
the name Exiguobacterium soli sp. nov. is proposed.

2. Two novel species of Leifsonia from
Antarctica and Himalayan glaciers:
Description of Leifsonia kafniensis sp. nov.
and Leifsonia antarctica sp. nov.

Strains KFC-22 T and SPC20T are yellow pigmented,
Gram-positive, aerobic, non-motile, rod-shaped
bacteria isolated from the Kafni glacier of Himalayan
ranges, India and spade core sediments from Antarctic
sea, Larsemann Hill, respectively. The cell wall
peptidoglycan contained DL-diaminobutyric acid as the
diamino acid, anteiso-C15:0, anteiso-C17:0 and iso-C16:0

as predominant fatty acids and MK-11 as the major
isoprenoid quinines suggesting that both the strains
belonged to the genus Leifsonia. Both strains shared
a 16S rRNA gene sequence similarity of 97.7% and
DNA-DNA similarity of only 10%, between themselves,
indicating that they belong to different species. BLAST
sequence similarity results indicated that Leifsonia
pindariensis was the nearest phylogenetic neighbor
with a 16S rRNA gene sequence similarity of 97.3%
and 97.7% with SPC20T and KFC-22T respectively.
However, at whole genome level, KFC22T and SPC-
20T shared a DNA-DNA similarity of 42% and 11%
respectively, with Leifsonia pindariensis. In addition,
both strains exhibited quite a few phenotypic differences

S Shivaji
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with their nearest validated species Leifsonia
pindariensis (PON10T).  Thus, the strains were identified
as novel species and named as Leifsonia kafniensis
sp. nov. and Leifsonia antarctica sp. nov.

3. Bacterial biodiversity of a deep sea sediment
from the Indian Ocean: Brevibacterium
oceani sp. nov. isolated from  a sediment core
of  Chagos trench.

Two bacterial strains, BBH5 and BBH87T were isolated
from a deep sea sediment sample collected from the
Chagos Trench of the Indian Ocean (11° 06’S, 72°
31’E). Based on their 16S rRNA gene sequence
similarity (99.8%), DNA-DNA relatedness (93 %) and
a number of similar phenotypic characteristics both
strains are identified as belonging to the same
species.  The nearest phylogenetic neighbors of BBH5
and BBH7T based on 16S rRNA gene sequence
similarity (97.9- 8.4%) were Brevibacterium iodinum
DSM 2062T (X83813), Brevibacterium epidermidis
NCDO 2286T (X76565), Brevibacterium linens DSM
20425T (X77451) and Brevibacterium permense VKM
Ac-2280T (AY243343). However, BBH5 and BBH7T

differ from the above four nearest phylogenetic
relatives by a number of phenotypic characteristics
and the DNA-DNA similarity was 34 - 42%. Therefore,
based on the phenotypic differences and DNA-DNA
relatedness strains BBH5 and BBH7T are assumed
to be two strains of a new species of the genus
Brevibacterium, for which the name Brevibacterium
oceani sp. nov. is proposed with BBH7T

(=LMG23470T=IAM15353T) as the type strain.

4. Molecular basis of cold adaptation:
Psychrophilic Pseudomonas syringae
requires trmE for growth at low temperature

Psychrophilic bacteria constitute a sizeable proportion
of the bacterial diversity because a good proportion
of the biosphere (75%) is either transiently or
permanently cold (<5°C). Despite their abundance,
the molecular basis by which cold-loving organisms
thrive at low temperatures is not clearly understood.
Our studies have indicated that psychrophiles adapt

to low temperature by their ability to sense changes

in temperature, by their ability to modulate their

membrane fluidity, and because they possess

enzymes and genes active at low temperatures. Very

few genes required for low temperature growth have

been identified and they include pnp (polynucleotide

phosphorylase), oppA (mediates oligonucleotides

transport) and recD. In contrast, in mesophilic bacteria

many genes are induced following downshift in

temperature, including genes for fatty acid

desaturases, the cold shock genes, that serve as RNA

chaperones, rRNA genes, and genes involved in

replication, transcription and translation and a number

of enzymes. We asked whether such genes are also

induced in psychrophiles which unlike the mesophiles

are not cold stressed but are cold adapted.

To identify candidate genes required for low temperature

growth, we generated a library of cold sensitive mutants

of psychrophilic Pseudomonas syringae (Lz4W) by

transposon mutagenesis. Pseudomonas syringae

(Lz4W) is a psychrophilic bacterium capable of growing

between 4 to 30°C, but following transposon

mutagenesis 30 mutants were obtained which exhibited

defective growth or retarded growth at 4°C compared

to the wild type cells. CSM1, one of the cold sensitive

mutants, was characterized.  Growth of CSM1 is

retarded compared to that of wild type cells at 4°C but

not at 22°C and 28°C, thus indicating that CSM1 is a

cold sensitive mutant. The mutated gene was identified

as trmE (coding for transfer RNA modification GTPase)

and evidence was obtained that this gene was induced

at low temperature. Further, we demonstrated the cold

inducible nature of the trmE promoter. The transcription

start site and various regulatory elements of the trmE

promoter such as the -10 region, -35 region, UP

element, cold-box and DEAD-box were identified and

the importance of these regulatory elements in promoter

activity was confirmed. The cold resistant phenotype

was restored in CSM1 complemented with the trmE

gene. This is the first demonstration that trmE is required

for growth at low temperature.
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Archana B Siva, Vivek Kumar, Y Kameshwari, K Venkatesh,
S Shivaji

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 126-127.

I. Background and work done earlier:

Sperm capacitation is the residence period of the
spermatozoa in the female reproductive tract, during
which it acquires the ability to fertilize the oocyte. Over
the years capacitation has been recognized as a
multifaceted phenomenon during which the
spermatozoa exhibit changes in metabolism, levels
of intracellular calcium, cAMP, ROS, pH and plasma
membrane fluidity. At the molecular level, increase in
protein tyrosine phosphorylation is considered to be
a hallmark of capacitation. Therefore, identification of
capacitation-induced tyrosine-phosphorylated
proteins and their specific roles may unravel the
molecular basis of capacitation. The proteins identified
thus far include those involved in signal transduction,
like A Kinase Anchoring Protein (AKAP), a structural
fibrous sheath protein of 95 kDa (AKAP3), a calcium
binding tyrosine-phosphorylation regulator protein
(CABYR), metabolic enzymes like dihydrolipoamide
dehydrogenase (DLD), phospholipid hydroperoxide
glutathione peroxidase (PHGPX4) and pyruvate
dehydrogenase A (PDHA) and a heat shock protein
of 90 kDa.  A few of these proteins have been
implicated in spermatozoal capacitation, mediated
through their effects on hyperactivation or acrosome
reaction, or both, but as yet the molecular basis of
capacitation is poorly understood.

We demonstrated that PDHA and DLD, two
components of PDHc (Pyruvate dehydrogenase
complex), that exhibit capacitation-dependent tyrosine-
phosphorylation in the hamster spermatozoa, are

2. Hamster Sperm Capacitation: Role of Pyruvate Dehydrogenase A
(PDHA) and Dihydrolipoamide Dehydrogenase (DLD)

located extra-mitochondrially and inhibition of their
activities causes significant inhibition of hyperactivation
or acrosome reaction or both. It is possible that the
ability of PDHc to modulate sperm capacitation is
dependent on its ability to generate ROS.

II. Work done during the year:

Hamster sperm hyperactivation was blocked by
treatment with bromopyruvate (BP), an inhibitor of
PDHA, irrespective of whether PDHA was inhibited
prior to or after the onset of hyperactivation, but
acrosome reaction was blocked only if PDHA was
inhibited prior to the onset of acrosome reaction.
Further, inhibition of PDHA activity did not inhibit
capacitation-associated protein tyrosine
phosphorylation. The essentiality of PDHA for sperm
capacitation is probably dependent on its ability to
generate capacitation effectors such as reactive
oxygen species (ROS) and cAMP, whose levels are
significantly decreased in the presence of BP. 5-
methoxyindole-2-carboxylic acid (MICA), a specific
inhibitor of dihydrolipoamide dehydrogenase (DLD),
another component of the pyruvate dehydrogenase
complex (PDHc) also significantly inhibited ROS
generation and cAMP levels thus
implying that the PDHc enzymes are required for ROS
and cAMP generation. Further, dibutryl cyclic
adenosine monophosphate (dbcAMP) and the
calcium ionophore, A23187 could significantly reverse
the inhibition of hyperactivation reaction by BP or
MICA. These results establish that PDHA is required
for hamster sperm hyperactivation and acrosome
reaction and DLD is required for hamster acrosome
reaction. This study also provides evidence that ROS,
cAMP and calcium are involved downstream to the
enzyme, PDHA during capacitation.
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1. The Control of Meiosis in Plants

S Andreuzza, M Brahmaramba, MPA Marimuthu,
B Nishal, A Panoli, M Ravi, J Sebastian, V Subbiah,
V Vijaybhaskar, I Siddiqi

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 128-129.

I. Background and importance:

The plant life cycle consists of two distinct generations:
a diploid sporophyte and a haploid gametophyte. As
in other eukaryotes, meiosis is a key phase in the
pathway of reproductive development. In plants,
meiosis also acts as a transition between the two
generations. The analysis of plant meiosis is,
therefore, of key importance in understanding early
stages of plant reproductive development and is also
of considerable practical significance with respect to
the potential for manipulating meiosis and
gametogenesis to advantage in plant breeding.

II. Work done during the year:

1. Towards engineering of apomixis in crop
plants

M Ravi, M P A Marimuthu

Apomixis is the formation of asexual seeds in plants,
and leads to populations that are genetically uniform.
Transfer of apomixis to crop plants holds great promise
in plant breeding for fixation of heterozygosity and
hybrid vigour, as it would allow propagation of hybrids
over successive generations and also accelerate
breeding. Apomixis involves production of unreduced
(diploid) female gametes that retain the genotype of
the parent plant (apomeiosis), followed by
parthenogenetic development of the egg cell into an
embryo, and functional endosperm formation.
Apomixis is found naturally in more than 400 species
of flowering plants and can occur by three distinct
developmental routes. It has been suggested that
apomixis results from deregulated expression of the
sexual programme, however the molecular
mechanisms that control apomixis are unknown. One
hypothesis is that genes controlling apomixis may be
variant alleles of genes that act during normal sexual
development. Such genes may be revealed by
analysis of model sexual plants.

We have found that mutation of the Arabidopsis gene
DYAD, a regulator of meiotic chromosome
organization, leads to apomeiosis, including complete
retention of the parental genotype (i.e. heterozygosity)
in unreduced gametes. This feature of dyad resembles
what may have been an early stage in the evolution
of apomixis. The apomeiotic female gamete is likely
to originate from a diploid cell formed by altered
division of the megasporocyte (the cell in the ovule
that undergoes meiosis to form haploid spores) as
evidenced by expression of an early marker that
identifies female gametes. Our results demonstrate
that alteration of a single gene in a sexual plant can
bring about functional apomeiosis, a major component
of apomixis, and suggest that genetic control of
apomixis is mediated by variant alleles of genes that
function in the sexual pathway.

I Siddiqi

Fig.1: Progeny of dyad mutant plants produce larger flowers
and have an extra set of chromosomes that come from an
apomeiotic female gamete. Apomeiosis comprises the forma-
tion of an unreduced female gamete that retains the genotype
of the parent plant and is a major functional component of
apomixis.  Apomixis leads to clonal propagation through seed
and fixation of hybrid vigour, making it one of the major goals
of future agricultural biotechnology.
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2. Analysis of meiotic progression defects in
the dyad mutant

B Nishal, V Subbiah

dyad is one of the few mutants of Arabidopsis that
shows defects in meiotic progression. Hence study of
the control of meiotic progression in dyad is of interest
with respect to information on meiotic checkpoints in
plants, as this is significantly different from that in
yeast. To understand the basis of the progression
defect, we have used a candidate gene approach for
identification of potential checkpoints that may be
responsible for defective meiotic progression. In
particular, we have focused on candidate genes that
are involved in the spindle checkpoint in plants. We
obtained lines carrying knockouts of spindle
checkpoint genes and are examining their role in
meiotic progression by crossing them to meiotic
mutants.

3. Mechanism of action of DYAD protein

M Brahmaramba, M P A Marimuthu, A Panoli, B Nishal, V

Subbiah

The sequence of DYAD protein does not reveal close
relatedness to proteins of known function. Hence the
function of DYAD protein is unknown. To obtain clues
regarding the biochemical function of DYAD protein,
we have expressed parts of DYAD in bacteria in
order to obtain structual information that would
provide clues to DYAD function.

4. Analysis of AtSCC2 function in plants

J Sebastian, M P A Marimuthu

The cohesin complex is required for the maintenance
of sister chromatid cohesion and shows conservation
in all eukaryotes. SCC2 encodes a component of the
machinery required for loading of cohesin onto
chromosomes. We have studied the function of the

Arabidopsis homologue, AtSCC2. AtSCC2 is a single
copy gene in Arabidopsis. We find that AtSCC2 is an
essential gene, and loss of AtSCC2 function results
in early embryo lethality. AtSCC2 is strongly expressed
in dividing tissues including embryos. We have
extended the analysis of AtSCC2 function using RNAi
to study its role in meiosis. Our results indicate that
AtSCC2 is required for meiosis, and loss of AtSCC2
leads to loss of sister chromatid cohesion and
chromosome fragmentation. The distribution of
cohesin along chromosomes also is affected in
AtSCC2-RNAi, wherein the mutant shows non-
uniform distribution of cohesin. These results show
that AtSCC2 is required for sister chromatid cohesion
and normal distribution of cohesin along
chromosomes.

5. The role of the DUET gene in male meiosis

S Andreuzza, B Nishal

The DUET gene is required for male meiotic
chromosome organization and is thought to act
as a transcriptional regulator. We are examining
the mechanism of action of DUET and its role in
chromatin organization during male meiosis using
immunocytochemistry of meiotic chromosomes. The
PHD finger domain of DUET has been expressed in
E.coli, purified, and is being examined for interaction
with methlated histone.

6. Analysis of meiotic specific promoters

V Vijaybhaskar, V Subbiah

To understand the control of meiotic-specific gene
expression in plants, we are carrying out deletion
analysis of a set of meiotic-specific promoters in
addition to the use of bioinformatics to identify
regulatory regions responsible for meiotic specific
expression. We have selected the AtDMC1, DYAD,
and DUET promoters for this purpose.
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1. Molecular Basis of Sex Reversals

Rajender Singh, Priyamvada, Nalini J. Gupta* B. N.
Chakravarty*, K. Thangaraj, Lalji Singh

*Institute of Reproductive Medicine, Kolkata

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 130-131.

I. Background and importance:

The differentiation of the embryonic gonads into either
testes or ovaries according to the genetic makeup is
the key step in mammalian sex determination. Since
1990, it is known that SRY (Sex-determining Region
on Y-chromosome) is the critical switch to initiate the
cascade for testes development. Many more genes
have been identified as playing roles in sex-
determination. SOX9 (SRY likehomeobox 9) plays a
major role in this process, with support from SF1
(steroidogenic factor 1) and opposition from DAX1
(Adrenal hypoplasia congenita gene on the X
chromosome, gene 1). WT1 (Wilms’ tumor 1) and other
genes play minor roles. Mutations in the major sex
determining genes can lead to the development of XY
individuals as females (male to female sex reversals)
with partial or complete gonadal dysgenesis.

Upon testicular differentiation in genetically
male individuals, androgens (testosterone and
dihydrotestosterone) initiate the process of sexual
secondary differentiation during the prenatal stage.
Androgen receptor (AR) is crucial for this action. The
receptor-testosterone complex signals differentiation
of Wolffian duct during the embryonic stage, regulates
secretion of leutinizing hormone by the hypothalamic-
pituitary axis, and is required for spermatogenesis.
The receptor-dihydrotestosterone complex promotes
the development of external genitalia and prostate
during embryogenesis, and is also responsible for
changes which occur at puberty in males. The AR
gene has been mapped to the long arm (Xq11-12) of
the X-chromosome. It consists of 8 exons and encodes
a protein with 919 amino acid residues.

Genetic defects that prevent androgen action, result
in the end organ resistance to androgens. Androgen

resistance manifests in an array of phenotypes
collectively designated as androgen insensitivity
syndrome (AIS). The phenotype ranges from complete
female in CAIS (complete androgen insensitivity
syndrome) to ambiguous genitalia in PAIS
(partial androgen insensitivity syndrome), and
undermasculinization or infertility in MAIS (mild
androgen insensitivity syndrome), in the 46,XY
individuals. Mutations in AR gene are the most
common cause of AIS. More than 500 mutations in
AR gene have been reported to result in various
grades of AIS. A significant number of these
mutations have been analyzed by in vitro methods,
to prove the pathogenesis of the mutations. The latter,
in combination with the in silico analyses, has helped
to understand the structure-function correlations of
AR gene mutations and the phenotype in AIS.

II. Work done during the year:

1. Screening for mutations in desert hedgehog
(DHH) gene

We sequenced the complete coding region of
DHH gene in 67 sex-reversed individuals, including
those showing gonadal dysgenesis and other
uncharacterized sex reversed phenotype. A novel
heterozygous C3670T mutation was found in
exon 2 in 3 samples analysed. An intronic deletion
3373∆A in the upstream of exon 2 was observed
in 1 individual. A novel heterozygous A4767G
mutation was observed in exon 3 of 1 of 57 individuals.
The latter resulted in the substitution of threonine for
alanine at the 333rd codon. The mutation is likely to
affect the protein function, given the replacement of
a polar amino acid (threonine) with a non-polar one
(alanine). A novel homozygous G4760A mutation was
found in the exon 3 of 1 of 57 sex- reversed individuals.
An insertion at 4944 position in exon 3 was observed
in 2 of 57 individuals, resulting in frameshift and an
eventual stop codon at the 397th codon. In total, DHH
mutations explained sex reversal in 12% of the cases.

Lalji Singh & K Thangaraj
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2. Ala586Asp mutation in androgen receptor
disrupts transactivation function without
affecting androgen binding

Analysis of androgen receptor gene in androgen
insensitivity syndrome (AIS) cases is a continuing
programme. A familial case suspected to be AIS case
was subjected to analyses of SRY and AR genes. The
SRY gene exhibits the normal sequence in all the
affected cases.

We have analysed a 22 year old girl who visited the
Institute of Reproductive Medicine (IRM), Kolkata,
India, with complaints of primary amenorrhea. A
normal sister of the patient had delivered a child with
female external genitalia. Peripheral blood samples
were collected from the patient, normal sib and her
daughter with informed written consent. The blood
samples were subjected to endocrinological,
cytogenetic and molecular genetic analyses. Both the
patients had 46, XY karyotype with no apparent
numerical or structural chromosomal abnormality.
Histological analysis revealed testicular tissue in both
the cases. The gonads had well differentiated
seminiferous tubules with thick basement
memberane, but no sperm differentiation was
observed (Fig.1). Spermatogonia could be spotted but

no indication of onset of sperm differentiation was
obvious. Therefore, spermatogenesis was probably
arrested at the very first step of spermatogenesis
onset. The seminiferous tubules were filled with
Sertoli cells. The interstitial space was crowded
with Leydig cells indicating Leydig cell hyperplasia.

The complete coding region of the AR gene along
with exon-intron boundaries was amplified and
the amplicons were directly sequenced. C1760A
(coding DNA sequence reference) substitution
(ala 586 asp) in AR gene was observed in all the
affected individuals. Ala 586 asp mutation resulted
in no loss of androgen binding but almost complete
loss of transactivation function of AR (Fig.2A and 2B).
In vitro assays confirmed the pathogenic nature of
this mutation.

Fig.1: Histology of gonad sections showing well differentiated
seminiferous tubules with thick basement membrane (1)
surrounded by fibroblasts (2). The interstitial space was filled
with Leydig cells (3). Spermatogonium (4) could be spotted in
the seminiferous tubules. The lumen of seminiferous tubules
was filled with Sertoli cells (5).

Fig.2: A) Ligand-binding assays for mutant clone. NSB-WT
indicates the non-specific binding with the wild type allele. NSB-
MT indicates the non-specific binding with mutant allele. The
data in the figure is average of three independent experiments.
B) Transactivation assay for the mutant and wild type clones.
The downstream activity of the ligand-AR complex was measured
by the extent of expression of a reporter gene. The data in the
figure is average of three independent experiments. The error
bars in the figure are inferential showing standard error.
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2. Genetic Causes of Male Infertility

Arun Khattri, Rajeev Pandey, Nalini J Gupta*, B N
Chakravarti*, Mamta Deenadayal†, L Singh, K Thangaraj

*Institute of Reproductive Medicine, Kolkata
†Infertility Institute and Research Centre, Hyderabad, India

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 132.

I. Background and importance:

Over 10% of infertile males suffer from oligo/
azoospermia of unknown origin. Numerical
(trisomies and marker chromosomes) and structural
chromosomal abnormalities (translocations,
inversions, duplications, microdeletions, etc.) are the
major genetic factors associated with male infertility.
Y chromosome bears several genes that are
responsible for spermatogenesis, deletion of
which leads to abnormal semen profile. Recently,
some spermatogenesis genes have also been
mapped onto the X chromosome. Although male
infertility is common all over the world, very little
is known about the genetic etiology of male infertility,
particularly in Indian populations. We have, therefore,
undertaken this study to establish the possible
genetic cause of male infertility among Indian men.

II. Work done during the year:

1. Association of UGT2B17 deletion
polymorphism with male infertiliy

UGT2B enzymes play active role in steroid
metabolism. They are considered to be a means
for regulating androgens locally. 150 kb deletion
polymorphism spanning UGT2B17 gene has been
shown to be associated with prostate cancer, lung
cancer etc., but its association with male infertility
had not been evaluated till date. We have assessed
the association of this deletion polymorphism
with infertility in Indian men. We genotyped 616
Indian men including 308 infertile and 308 fertile
men. Our results showed that the prevalence of
UGT2B17 deletion (-/-) in fertile men was 25% and

was consistent with Hardy Weinberg equilibrium.
Homozygous deletion was found to be risk factor
for azoospermia (OR= 1.750, 95%CI= 1.146-2.672,

P= 0.009) but not for oligozoospermia and
asthenozoospermia (Fig.1).

Our findings suggest that the association of
UGT2B17 gene deletion polymorphism with infertility
in Indian men. As this is the first study on the role of
UGT2B17 gene deletion polymorphism, more
studies are required before assigning this as a risk
factor for male infertility.

2. CA repeat and RsaI polymorphisms in ERβββββ
gene are not associated with infertility in
Indian men

Estrogen Receptor β (ERβ) plays an important role in
the regulation of fertility in both males and females.
Polymorphism in CA repeat located in the flanking
region of ERβ has been shown to be associated with
several diseases, but its association with male
infertility has not been analyzed so far. However,
RsaI polymorphism (rs1256049) in exon 5 of
ERβ has been shown to be associated with

Fig.1: Distribution of genotypes for the UGT2B17 insertion/
deletion (I/D) polymorphism in infertile and fertile men
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male infertility in Caucasian patients. We analyzed
695 Indian men, including 443 infertile and 252
fertile men to evaluate the association of
CA repeat length and RsaI polymorphisms in
male infertility. Our results revealed no significant
difference in the distribution of CA repeat
length between infertile (mean ± SD 23.24 ±
2.06, median 24) and fertile men (mean ± SD
23.16 ± 2.27, median 24). The analysis of
dosage effect by classifying samples into
SS (short/short), SL (short/long) and LL
(long/long) groups also did not show any
significant difference between infertile and
fertile men. Similarly, RsaI polymorphism also
did not show any significant difference between
infertile and fertile men. Furthermore, the
combined analysis of CA repeat and RsaI
polymorphisms by haplotyping showed that
the distribution of haplotypes was not
significantly different between fertile and infertile
men. Our results suggest that CA repeat length
and RsaI polymorphisms in ERβ are not associated
with male infertility in Indian men.

3. No association of ApolipoproteinB gene
signal peptide insertion/deletion
polymorphism with male infertility

The apolipoproteinsB play a key role in lipoprotein

metabolism and plasma lipid transport. About 60%

male mice heterozygous for a null apolipoproteinB

(apoB) were found to be infertile. Moreover, APOB

signal peptide deletion has been shown to be a risk

factor for infertility in Slovenian men, but its association

with infertility in Indian men had not been evaluated

till date. We genotyped 545 Indian men, including 294

infertile and 251 fertile men. The distribution of this

deletion polymorphism was consistent with Hardy

Weinberg equilibrium in both infertile and fertile men.

No significant difference was observed in the

distribution of deletion genotypes or alleles between

fertile and infertile men. Moreover, no significant

difference was observed when infertile and fertile men

were categorized on the basis of presence of deletion

(DD+ID) or its absence. Our study concludes that the

APOB gene deletion polymorphism is not associated

with infertility in Indian men.

3. Human Genome Diversity

K Thangaraj, A G Reddy, Deepa Selvi Rani, Gyaneshwer
Chaubey1, Anish Shah, M. Eaashwarkanth2, Ikramul
Haque2, Amrita Nandan, Kamayani Singh, Niraj Rai,
Deepakar P. Singh, Rakesh Tamang, Sakshi Singh, Aditya
N. Jha, Vishwas Sharma, Varun Kumar Sharma, Veena
Pande3, Toomas Kivisild4, Chris Tyler-Smith5, Lalji Singh
1University of Tartu and Estonian Biocentre, Tartu, Estonia
2Central Forensic Science Laboratory, Kolkata, India
3Kumaun University, Nainital, India
4Leverhulme Centre for Human Evolutionary Studies,
University of Cambridge, UK
5Wellcome Trust Sanger Institute, Cambridge, UK

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 133.

I. Background and importance:

Y chromosome and mitochondrial DNA (mtDNA)
are transmitted uniparentally through father and

mother, respectively, and do not undergo any
recombination. Hence, markers present on both
are useful to trace the paternal and maternal
lineages. Haplogroups can be constructed by
combining the allelic status of multiple markers,
which would provide information for establishing
parental lineages. A large number of studies have
been conducted on various populations using
Y chromosome and mtDNA markers to understand
their origin, evolution and migration. Indian
populations reveal striking diversities in terms of
language, marriage practices as well as in their
genetic architecture. There are nearly 5,000 well-
defined endogamous populations in India. Several
important historical migrations into India saw
amalgamation of migrant populations with the local
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population groups. Major demographic events like
migrations, population bottlenecks and population
expansion leave genetic imprints and alter gene
frequencies. We have undertaken to uncover the
genetic information about various caste and tribal
populations to construct their evolutionary tree.

II. Work done during the year:

1. Phylogeography of mtDNA haplogroup R7 in
the Indian peninsula

We have analysed 35 novel complete mtDNA
sequences from India which refine the structure of
India-specific varieties of haplogroup R. Detailed

Fig.1:  The reduced-median network of 152 mtDNAs belonging to haplogroup R7. Each sample represented on the diagram
has been sequenced for the HVS-I region and genotyped for the indicated coding region mutations that are indicated. Circle sizes
are proportional to the number of mtDNAs with that haplotype. Recurrent mutations are underlined.

analysis of haplogroup R7, coupled with a survey of
~12,000 mtDNAs from caste and tribal groups over
the entire Indian subcontinent, reveals that one of
its more recently derived branches (R7a1), is
particularly frequent among Munda-speaking
tribal groups (Fig.1). This branch is nested within
diverse R7 lineages found among Dravidian and
Indo-European speakers of India. We have inferred
from this that a subset of Munda-speaking groups
have acquired R7 relatively recently. Furthermore,
we find that the distribution of R7a1 within the
Munda-speakers is largely restricted to one of the
sub-branches (Kherwari) of northern Munda
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languages. Statistical analyses suggest a significant
correlation between genetic variation and geography,
rather than between genes and languages. Our
study suggests that the high frequency of mtDNA
haplogroup R7 among Munda speaking populations
of India can be explained best by gene flow
from linguistically different populations of the Indian
subcontinent. The conclusion is based on the
observation that among Indo-Europeans, and
particularly in Dravidians the R7 haplogroup is
phylogenetically more divergent, while among
the Munda speakers only one sub-clade of R7, i.e.
R7a1, can be observed. It is noteworthy that though
R7 is autochthonous to India, and arises from the
root of haplo group R, its distribution and
phylogeography in India is not uniform. This suggests
the more ancient establishment of an autochthonous
matrilineal genetic structure, and that isolation in the
Pleistocene, lineage loss through drift, and endogamy
of prehistoric and historic groups have greatly inhibited
genetic homogenization and geographical uniformity.

2. Genetic legacy of Indian Muslim populations

Indian Muslims, presently number more than 138
million (13.4%) and whose history dates back to the
7th century CE with the foray of Arab military forces
into Sindh, followed by Turkic invaders from
Central Asia in the 10th century CE. Subsequently, there
has been a continuous flow of Muslims to
India from Arabia and Iran as soldiers, mercenaries
and political emissaries. To estimate the contribution
of West Asian and Arabian admixture to the Indian
Muslim populations, we assessed genetic variation
in mtDNA, Y-chromosomal and LCT/MCM6 markers
in 472, 431 and 476 samples, respectively, representing
six communities from different geographical regions.
Most of these populations received their major genetic
input from geographically close non-Muslim
populations (Fig.2). However, low levels of likely Arabian
and West Asian admixture were also observed in the
form of L0a2a2 mtDNA and E1b1b1a and J*(xJ2) Y-
chromosomal lineages. The distinction between Iranian
and Arabian sources was difficult to make with mtDNA

Fig.2 : A. Correlation coefficient between admixture contributions from Arabia and Iran to Indian Muslim populations based on
mtDNA. B. mtDNA-Admixture proportions: correlation coefficient graph. C. Correlation coefficient between admixture contributions
from Arabia and Iran to Indian Muslim populations based on Y chromosome. D. Y chromosome-Admixture proportions: correlation
coefficient graph.
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and the Y chromosome as the estimates were highly
correlated due to similar gene pool compositions in
the sources. In contrast, the LCT/MCM6 locus shows
a clear distinction between the two sources and
enabled us to rule out significant gene flow from Arabia.
Overall, our results support a model in which the spread
of Islam in India was predominantly via cultural
conversion associated with minor but detectable levels
of gene flow from Iran and Central Asia, rather than
from the Arabian Peninsula.

3. Allelic variation and haplotype structure of
the Dopamine Receptor gene DRD2 in Indian
populations

The human dopaminergic system is a significant focal
point of study in the fields of neuropsychiatry and
pharmacology, plus it is also a promising nuclear
DNA marker in studies of human genome diversity.
We assayed six polymorphic markers in the
dopamine D2 receptor gene (DRD2) in 482
unrelated individuals from nine ethnic populations
of India. All six markers were highly polymorphic
in all populations and the constructed haplotypes
show a high level of heterozygosity. Out of the eight
possible three-site haplotypes, all populations
commonly shared only three haplotypes. The
haplotypes exhibited fairly high frequencies
across multiple populations; Kurumba population
showed all eight three-site haplotypes. The
ancestral haplotype (B2-D2-Al) was observed at
high frequency only in the Siddi population.
Based on all six markers, we found 16 haplotypes,
of which only 6 were most common with a frequency
of greater than 5% in at least one of the nine
populations. Only three haplotypes were shared by
all nine populations with the cumulative frequency
ranging from 80.8% (Kurumba) to 96.6% (Onge).
Great variation in levels of linkage disequilibrium (LD)
was detected, ranging from complete LD in the
Badaga to virtually no LD in the Siddi. This range of
LD likely reflects different population histories, such
as African ancestry in the Siddi and recent founding
events in the isolated populations of Badaga and Kota.

4. Reduced CAG repeats length in androgen
receptor gene is associated with violent
criminal behavior

Androgens mediate their functions through androgen
receptors (AR). The two triplet repeats in the AR gene
(CAG and GGN) are highly polymorphic among
various populations and have been extensively studied
in diverse clinical conditions and antisocial personality
disorders. Several studies have reported either higher
levels of testosterone among rapists or the correlation
of shorter CAG repeats with criminality. We have
analyzed the AR-CAG repeat length in 645 men,
including 241 convicted for rape, 107 for murder, 26
for both murder and rape, and 271 control males. The
aim was to test for any correlation between CAG repeat
length and criminal behavior. The study revealed
significantly fewer CAG repeats in men convicted for
rape (mean 18.44) or murder (mean 17.59) compared
to the control men (mean 21.19) (Fig.3). Those
convicted of murder and rape had an even shorter
mean repeat length (mean 17.31 repeats). Our study
suggests that criminal behavior is associated with
reduced CAG repeats in the AR gene.

Fig.3: Distribution of various AR-CAG alleles between cases
and controls

5. G6PD deficiency and malarial resistance in
India

Glucose 6-phosphate dehydrogenase (G6PD)
enzyme catalyses the first step of the pentose
phosphate pathway, leads to the production of
NADPH, which is essential to prevent the cell from an
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oxidative stress. Glucose-6-phosphate dehydrogenase
(G6PD) deficiency is an X-linked, hereditary genetic
defect due to mutations in the G6PD gene, being
present in more than 400 million people worldwide.
The most frequent clinical manifestations of G6PD
deficiency are neonatal jaundice and acute haemolytic
anaemia, which is usually triggered by an exogenous
agent. Some G6PD variants cause chronic haemolysis,
leading to congenital non-spherocytic haemolytic
anaemia. The most effective management of G6PD
deficiency is to prevent haemolysis by avoiding
oxidative stress. However, the G6PD deficiency
alleles are thought to provide reduced risk to infection
by the Plasmodium parasite, in regions endemic
for malaria. G6PD variants such as the G6PD A- or
the Mediterranean variants reach the polymorphism
level in populations originating from these regions,
and rate that is too rapid to be explained by random
genetic drift. Statistical modeling indicates that the
A2 allele arose within the past 3840 to 11,760 years
and the Med allele arose within the past 1600 to
6640 years. These results support the hypothesis
that malaria has had a major impact on human
populations only since the introduction of agriculture

in the past 10,000 years and provide a striking example
of the signature of selection on the human genome.

To get more insight on the “G6PD/Malaria hypothesis”
we analyzed G6PD variants in 703 men belonging to
different ethnic and linguistic groups, from different
geographical regions of India (Kerala, Nagaland,
Uttaranchal, Chattisgarh, Andhra Pradesh, MP, UP,
Gujarat) (Fig.4 A&B). We adopted two approaches to
study the G6PD variants (B, A, and A2, Med alleles);
one was SNP-based haplotype analysis and the other
one was STR-based analysis, consisting of the (AC)n,
and (CTT)n repeats. The G6PD B variant (normal
activity) is the most common in different ethnic Indian
populations but other variants, particularly those
resulting in enzyme deficiency, A, A2, and Med were
not detected in Nagaland, Uttaranchal, MP, Uttar
Pradesh. Populations from Kerala, Andhra Pradesh
and Gujarat showed A- variants at very low
frequencies (5.2%, 3.7% and 6.5%, respectively). Med
allele was observed at a low frequency of 6% and 1%
in Chattisgarh and Gujarat, respectively. Extensive
analysis of G6PD gene may help us to understand
the G6PD deficiency and its association with
resistance to malaria in the Indian subcontinent.

Fig.4B: Bar diagram (SNP based) indicating
the relative frequencies of B, A- and A alleles
in Kerala, Madha Pradesh, Andhra Pradesh,
Uttaranchal, Uttar Pradesh, Nagaland,
Gujarat and Chattisgarh by SNP Analysis.

Fig.4A:  Bar diagram (STR based) indicating
the relative frequencies of B, A- and A alleles
in Kerala, Madhya Pradesh, Andhra
Pradesh, Uttaranchal and Uttar Pradesh.

Fig.4A

Fig.4B
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4. Molecular Basis of Mitochondrial Disorders
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Kumar4, R Viswa Chandra5, A  Amarendra Reddy5, Lalji
Singh, K Thangaraj

1Nizam’s Institute of Medical Sciences, Hyderabad, India;
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Mahabubnagar, India.

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 136.

I. Background and importance:

Mitochondrial diseases are severely debilitating, often
fatal and characteristically complex in nature. Current
estimates place the incidence of mitochondrial
diseases at about 1 in 2000 to 1 in 5000 live births.
Mitochondria play a crucial role in energy production
by oxidative phosphorylation, and also mediate cell
death by apoptosis and perform many different
functions in different tissues. They are unique in their
dual genetic origin and contain both nuclear and
mitochondrial DNA-encoded proteins. Their
endogenous genome is a double stranded, closed
circular molecule of 16569 bp. It codes for 37 genes
including 13 polypeptides, all of which are
components of the respiratory chain, and a
complement of rRNAs (2) and tRNAs (22) necessary
for intra-organelle protein synthesis.

Because of its vicinity to electron transport
chain, mitochondrial DNA (mtDNA) is prone to
mutations at about ten times the rate of nuclear
DNA. These variations cause impairment of
oxidative phosphorylation and normal physiology of
mitochondria leading to hundreds of mitochondrial
disorders. Moreover, there has been no study on
mitochondrial diseases in the Indian scenario. Hence
this programme is aimed at finding out the molecular
basis of mitochondrial diseases by sequencing the
complete mitochondrial genome and by analysing

autosomal genes, involved in mitochondrial replication
and maintenance of integrity of the mitochondrial
genome. The functional significance of the mutations
was examined in the cultured cells, established from
the quadriceps muscle of the patient.

II. Work done during the year:

1. Neuromuscular Disorders

We analysed the complete mitochondrial genome
of 218 individuals with neuromuscular diseases.
All the subjects had definite neuromuscular
symptoms and many displayed multi-system
impairment. Muscle biopsy was obtained in 87
patients and subjected to histopathology and
electron microscopy studies. Histopathology
results were significant in majority of the
patients, analyzed. Modified Gomori Trichrome
(MGT) staining showed ragged red fibers
and cytochrome oxidase (COX) negative
fibers were observed. Electron microscopy
also demonstrated mitochondrial structural
abnormalities.

Complete mtDNA sequencing analysis revealed
several novel and disease-associated mutations. Most
of the novel missense mutations altered the highly
conserved amino acids and secondary structure of
proteins.  Interestingly, many mutations were observed
in the ND5 gene, thus, we propose that the MT-ND5
is a mutational hotspot associated with neuromuscular
disorders in Indian populations. To trace the
evolutionary background of the mutations, we
compared the patient sequences with the Indian
population database of the CCMB and other available
databases. Results suggest that the mutations exist
in different haplogroup background. In addition to the
mutational analysis, we established primary cultures
and prepared transmitochondrial cybrids to study the
impact of mutations on mitochondrial function. The
mitochondrial inner membrane potential was analyzed

 K Thangaraj
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for a few samples. Mitochondrial fractions from the
cultured cells were isolated and various biochemical
assays were performed.

2. Periodontitis

Periodontitis is an inflammatory disease affecting
the tissues that surround the teeth, as a result of
complex interactions between pathogenic bacteria
and the host’s immune response. There is
increasing evidence on the implications of ROS in
the pathogenesis of inflammatory disorders.
Therefore, we looked at the mitochondrial
dysfunction with respect to clinical, radiological,
biochemical and genetics aspects of periodontitis.
We examined 92 patients, including 30 with
chronic periodontitis. All clinical parameter scores
of the tissue-collected areas were significantly
higher (<0.001) than the control group. Digital bite wing

of a patient with periodontitis showed multiple
areas of bone loss around the teeth (Fig.1).
Complete mtDNA sequencing revealed a total of 16
novel mutations in 25 patients, including A4234T,
A7796G and G8115R that are missense mutations.
Mitochondrial inner membrane potential was
analyzed for 17 samples by FACS using FL2
channel (ex.488 nM Em599 nM). We observed up to
45% of potential decrease in the mitochondrial
inner membrane of patients compared to the controls.
Immnoblotting revealed complete absence of HSP
60 in 3 of 17 patients analyzed. However, the
cytosolic HSP 70 levels comparable with those of
controls. Cytochrome c (complex IV) protein
showed differential expression in the patients
compared with the controls. Electron microscopic
study was performed to examine the mitochondrial
ultra structure.

Fig.1: A&B) Showing the Probing and grafting of gingivial Ligament   C) Digital bite - wing of a patient with periodontitis showing
multiple areas of bone loss around the teeth.
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5. Expression, Folding and Functional Characterization of Mouse
WDR13 Protein

B S N Murthy, Mala Ganesan, K R Paithankar, Lalji Singh

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 139-140.

I. Background:

Earlier work had identified WDR 13 as an X
chromosome-localized novel gene, predominantly
expressed in mouse testicular tissue. Promoter
analyses in silico expression profiling, and localization
studies of WDR13 have been performed, and mouse
gene knockout of WDR13 has been developed. We
want to investigate the physiological functions of
WDR13 and towards this objective, we attempted to
over-express and purify the WDR13 proteins.

II. Work done earlier:

Bioinformatics studies had predicted that WDR13
participates in ubiquitination-dependent protein
degradation and suppression of cytokine signaling.
We decided to raise antibodies against WDR13 and
study its cellular localization, silence WDR13 by post
transcriptional gene silencing (employing designed
ShRNAs) and study its effect on cell cycle and conduct
cell / molecular biology studies, for delineating its
physiological functions. To silence expression of
WDR13 in tissue culture cells, we PCR-amplified
WDR13 cDNAs and confirmed its expression in TM3,
PCC4 and MCF7 cell lines.

PCR-amplified N-terminal 125 aa portion as well as
the full-length WDR13 transcripts, were cloned,
overexpressed and purified bacterial expressed
proteins were used to raise polyclonal antibodies in
rabbits. Western blot analyses recognized a 53 kDa
protein in mouse brain, and a 43 kDa protein in
testicular tissue. Immuno-localization of WDR13 using
the antibodies was studied in brain, heart, kidney, liver,
lung, vagina and testis. WDR13 localized largely in
the cytoplasm, while its nuclear localization was far
less pronounced. We designed and synthesized a few
shRNAs and cloned them into the mU6 vector. Upon

transfection into PCC4 cells, one of the shRNA
plasmids significantly lowered WDR13 expression.
However, due to low transfection efficiency (<30%),
we were unable to assess the effect of this silencing
on cell division.

TGFβ is a well-known signaling molecule that
regulates cell division. Incubation of TM3 and
PCC4 cells with TGFβ up-regulated (20-30%)
WDR13 as judged by semi-quantitative PCR.
MG132 is known to inhibit proteosomal degradation
of proteins that leads to cell stress and cell cycle arrest.
Incubation of cells from mouse testis and
testis derived TM3 cells with MG132 up-regulated
WDR13. MG132 also blocks degradation of ‘inhibitor
of nuclear transcription factor kappa B (IκB)’,
leading to accumulation of inactive nuclear
transcription factor kappa B (NFκB) and up-regulates
cellular retinoic acid (RA) receptor levels. We
incubated primary cells from mouse testis and testis
derived TM3 cells with RA and found concomitant
up-regulation of WDR13 and markers of meosis,
Dmc1 and Stra8, suggesting involvement of WDR13
in meiosis. We are investigating the involvement of
WDR13 in cell-cycle, stress response and apoptosis.

III. Work done during the year:

We investigated the levels of WDR13 in cells subjected
to chemical stress by MG132, oxidative stress by
hydrogen peroxide, and heat stress by heat shock.
Mouse testis derived TM3 and embryonal
teratocarcinoma PCC4 cells were subjected to
treatment with increasing concentrations of
MG132 and H

2
O

2
 and the levels of WDR13 were

analyzed by semi-quantitative PCR. A similar study
employing time course of post heat-shock (42 ºC
for 45 min) incubation was also performed with these
cell lines. These studies demonstrated that WDR13
levels go up in cells as a function of stress, suggesting
that WDR13 is stress-responsive. Bioinformatic

Lalji Singh & B S N Murthy
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studies predicted that WDR13 possesses a novel
SOCS sequence. This may enable it to participate
in the Elongin BC-Cullin SOCS (ECS) complex.
Sequence BLAST in the database of Interacting
proteins (DIP) revealed that WDR13 is homologous
to Fbw7 (F-box containing WD-repeat protein 7)
participating in SCF (skp1-Cullin-F-box) ubiquitin-
ligase complex, also involved in ubiquitination-
mediated protein degradation in the cells. Fbw7 is
expressed in three isoforms. ORF analysis of WDR13
sequence revealed that WDR13 could also

be expressed in three isoforms of 485 aa, 393 aa

and 363 aa, which confirms that WDR13 is a true

functional homologue of Fbw7.

Efficient and specific shRNAs of WDR13 are

being cloned into the mU6 pro vector for initiating

post-transcriptional silencing of WDR13. This is

required for studying the effect of WDR13 on the

cell-cycle. We have also initiated experiments for

isolating WDR13 protein complexes from tissue

culture cells to identify partner proteins.

Lalji Singh & Lakshmi Rao

6. Genetics of Ovarian Development and Cycling Disorders
Hridesh Dixit, Lakshmi Rao, Bineet Panda,
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Deenadayal1, Nalini Gupta2, Baidyanath Chakrabarty2,
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A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 140-145

I. Background and importance:

Activins bind their type II receptors, activin type II
receptor A and activin type II receptor B (ActIIRA/
ActRIIB) and the activin/type II receptor complex
further recruits activin type I receptor B (ACVR1B),
also known as ALK4 (activin receptor like kinase 4).
The activated type I receptor stimulates intracellular
Smad2/3/4 signaling. This mechanism is central for
enhancing the FSH expression in gonodotrophs. We
hypothesize that any gain of function mutation in the
ACVR1B gene, which may result in constitutively
active form, would possibly cause FSH level elevation
in ovarian failure cases. This hypothesis formed the
basis to screen this candidate gene in cases of ovarian
failure.

II. Work done during the year:

The ACVR1B gene comprises of 9 exons.
Amplification and DNA sequencing for all the exons
was carried out, the sequencing data collected and

analysis performed successfully for the coding regions
of the ACVR1B gene in all the cases and controls.

The present study identified ten variants including nine
that were novel. The patients as well as the control
populations were in Hardy-Weinberg equilibrium for
all the genetic variations. The novel variants included
five missense, three intronic and the 3′UTR (Table.1).
The previously reported variants were of intronic
nature. Four missense variants were exclusively
present in patients, while one was present in a control.
The variants c.389T>C (p.Ile130Thr), c.392T>G
(p.Ile131Ser), c.505T>G (p.Cys169Gly), c.581G>A
(p.Gly194Glu) were associated with ovarian
failure cases, while c.356C>T (p.Pro119Leu) variant
was present in a control. The c.505T>G and
c.356C>T variants were present in the regions of
unknown functions. The c.389T>C, c.392T>G and
c.581G>A variants were significantly associated
with ovarian failure with their complete absence in
controls.  Both the c.389T>C and c.392T>G
variants were completely linked in all the patients.
The c.389T>C and c.392T>G variants were observed
in 7/133 cases of (premature ovarian failure (POF)
(Fisher’s p value = 0.0015) and 4/63 cases of primary
amerrorhea (PA) (Fisher’s p value = 0.003) whereas
c.581G>A variant was present in 4/133 cases of POF
(Fisher’s p value = 0.025).
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Table 1. Details of variations revealed during sequence analysis of the ACVR1B gene

S. No. db SNP
reference ID Variant Position AA change POF PA CNT

1 Rs2242106 c.331+12C>T Intron 2 — 66/133 31/63 92/200

2 Rs3214829 c.332-155_332-154insA Intron 2 — 16/133 8/63 10/200

3 Novel 01 c.332-61T>G Intron 2 — 0/133 1/133 0/200

4 Novel 02 c.356C>T Exon 3 p.Pro119Leu 0/133 0/63 1/200

5 Novel 03 c.389T>C Exon 3 p.Ile130Thr 7/133 4/63 0/200

6 Novel 04 c.392T>G Exon 3 p.Ile131Ser 7/133 4/63 0/200

7 Novel 05 c.505T>G Exon 3 p.Cys169Gly 1/133 0/63 0/200

8 Novel 06 c.580+11C>A Intron 3 — 2/133 2/63 0/200

9 Novel 07 c.580+123T>C Intron 3 — 1/133 0/63 0/200

10 Novel 08 c.581G>A Exon 4 p.Gly194Glu 4/133 0/63 0/200

11 Novel 09 c.*62G>C Exon 9 3′UTR 133/133 63/63 200/200

Our study revealed the significant association of
two missense variants with ovarian failure etiology.
The c.389T>C and c.392T>G variants was observed
in 7/133 cases of POF (Fisher’s p value = 0.0015)
and 4/63 cases of PA (Fisher’s p value = 0.003)
whereas c.581G>A variant was present in 4/133
cases of POF (Fisher’s p value = 0.025). All these
variants may cause gain of function as predicted
by previous reports. The alteration of isoleucine130

to threonine130 and isoleucine131 to serine131 at the
fourth and fifth positions in the transmembrane
(TM) domain results in T/SxxP domain. The presence
of such amino acid sequence in the TM domain
has been shown to modulate proline kink in the
transmembrane, which may stimulate receptor
activity. The c.Gly194Glu variant is located in the GS

region and alters a glycine into an acidic amino residue.

The presence of this acidic amino residue probably

increases the stability of phosphorylated form of

receptor and hence stimulates more Smad molecules.

The intronic variant c.331+12C>T showed diverse

genotypic distribution in the Indian population

compared to the other world populations. The genotypic

distribution of other world populations was obtained

from HapMap database (Table 2). The frequency of

intronic variant c.332-155_332-154insA was

significantly higher in patients (12.2%) as compared

with controls (5%) (Fisher’s p value = 0.012). The 3’

UTR variant c.*62G>C was present as CC genotype

in the Indian population, contrasting the presence of

GG genotype in NCBI/Ensembl databases.

Table 2. Comparison of genotypic distribution of c.331+12C>T variant among various populations

Frequencies of all three genotypes (%)

Indian ovarian Indian Europe Nigeria Japan China
failure cases healthy women

CC
HomozygousWild type 50.6 53.8 5 1.7 15.9 13.3

CT
Heterozygous 36.5 37.8 28.3 33.3 45.5 42.2

TT
Homozygous mutant 12.9 8.4 66.7 65 38.6 44.4
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In a nutshell, three missense variants in the ACVR1B
gene are probably of gain of function nature and are
present exclusively in ovarian failure patients. The
intronic variant c.332-155_332-154insA has
significantly higher frequency in patients as compared

with controls. This study provides the first ever
germline status of this gene associating it with ovarian
failure etiology. This gene is an important candidate
gene for the ovarian failure etiology and should also
be screened in other populations.

7. Genomics and Functional Proteomics in Recurrent Early Pregnancy
Loss

V Venkata Suryanarayana, Lakshmi Rao, M K Kanakavalli,
V V Padmalatha, T Raseswari, Mamata Deenadayal*,
Lalji Singh

* Infertility Institute and Research Centre, Secunderabad

A continuing programme; Ref: CCMB Annual Report for

2006-2007, Pages, 142-143.

I. Background and importance:

Endogenous estrogen is predominantly produced in
the ovarian granulosa cells in pre-menopausal
women. CYP17 and CYP19 are the two key genes
involved in the biosynthesis of estradiol and estrones
from their lipid precursors. While CYP17 and CYP19
play a role in biosynthesis, elimination of estrogen is
mainly facilitated by its sulfation. Members of the
sulfotransferase family catalyze this reaction. Sulfation
system is a major component in body’s chemical
defense armory and is directly involved in the
metabolism, detoxification, and elimination of
numerous xenobiotics. Sulfation also plays a role in
the biosynthesis, mode of action, and homeostasis of
many important endogenous chemicals including
steroid hormones, iodothyronines, and
catecholamines. Thus, sulfation plays a pivotal role in
the balance between toxicity and harmless elimination
of a multitude of chemicals.

Recurrent Early Pregnancy Loss (REPL) is a clinical
condition manifested in 2-4% couples of reproductive
age. In half of the REPL cases the reasons for the
pregnancy loss are obscure. The importance of
estrogen and progesterone in the maintenance of
pregnancy prompted us to study the role of CYP17,
CYP19 and SULT1E1 polymorphisms in women from
South India experiencing idiopathic REPL.

II. Work done during the year:

The present study was performed in 143 cases and

88 controls. The UCLA power calculator (http://
calculators.stat.ucla.edu/powercalc/binomial/case-
control/index.php) was used to calculate the power
of the studied population. The power calculator with
the input parameters frequency of risk factor 0.32 and
a relative risk of 2.00 showed a reasonably good
power of 0.70 for the chosen population size.

The CYP17 SNP has alleles A1, A2, with A1 being the
wild type. The distribution of this polymorphism was
not significantly different between the case and control
groups. CYP19 tetranucleotide repeat and the
trinucleotide deletion polymorphism showed no
significant association between any combination of the
polymorphisms and the risk of REPL. CYP19 with 7
TTTA repeats appeared to be the most common allelic
isoform (73% in cases and 75% in controls) followed
by 11 repeats (20% in cases and 18% in controls). Other
minor forms exhibited 8,9,10 and 12 repeat numbers.
The 9 repeat was not observed in controls, whereas it
was observed in only one woman with REPL.

This difference could be due to the smaller number
of controls as compared to the cases. When the minor
genotypes (those with both case and control
frequencies less than 5%) were pooled and analyzed,
a statistically significant difference was observed
between the two groups with the minor forms being
over represented in the case group. The trinucleotide
deletion was observed at a frequency of 24% in cases
and 18% in controls. It is interesting to note that there
is a selective association between the 7 repeat and
the AGA deletion as the deletion was never observed
with the other repeat numbers.

No polymorphisms were found in the coding regions
of SULT1E1 that were analyzed. A few polymorphisms
were found in the intronic regions at frequencies less
than 1% and hence were not further considered.
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the frequency of CYP17 and CYP19 polymorphisms
from the Indian sub-continent. Also, this is the first
study where an association between CYP19 repeats
and REPL risk has been studied.

In conclusion, this study shows an association
between the higher repeat numbers (except the
common 7/11 genotype) and a risk of idiopathic REPL
among south Indian women. This is a first report on

8. Chromosome Defects and Human Genetic Diseases
Lakshmi Rao, T Raseswari, MK Kanakavalli, V V
Padmalatha, M Vidyadhari, M Swapna, Mamata
Deenadayal*, Lalji Singh

* Infertility Institute and Research Centre, Secunderabad

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 144.

I. Background and importance:

Prenatal diagnosis of chromosomal abnormalities in
high-risk pregnancies helps in detecting
chromosomally abnormal foetuses. Such couples are
counselled concerning continuation of pregnancy. In
addition, to the traditional cytogenetics still used as a
basic methodology for everyday clinical diagnosis, new
molecular cytogenetic techniques provide a useful
basis for diagnosis. Fluorescence in situ hybridization
(FISH) has become a standard technique, and
advanced cytogenetic techniques that include
Comparative Genome Hybridization (CGH), Spectral
karyotyping (SKY) and multi-color FISH for screening
of microdeletion syndromes, cancer translocations,
aneuploidy and marker chromosome identification.

II. Work done during the year:

A total of 2462 individuals were studied for

chromosomal abnormalities using high resolution G
banding, and fluorescence in situ hybridization. The
majority were patients with reproductive disorders
such as recurrent pregnancy loss, ovarian dysfunction
and male infertility, while others included 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. Types of specimens processed included
blood, amniotic fluid, skin, products of conception,
cord blood, bone marrow, solid tumors and others.
Chromosome anomalies in the form of numerical and
constitutional changes were observed in four hundred
and thirty individuals.

A distinguishing finding among the analyzed 430
abnormal karyotypes was a marker chromosome in
a woman with spontaneous miscarriages with
47,XX,+mar. The origin of the marker chromosome
was further identified using mFISH and confirmed as
partial trisomy 19 (Fig.1).

Fig.1: MFISH analysis in a woman with a diagnosis of spontaneous miscarriages. Metaphase and karyotype showing the marker
chromosome indicated by an arrow reveals partial trisomy 19.
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1. Derivation of Adult Stem Cells from Various Sources

Shashi Singh, K Thejaswi, T Sudhir Gopal, Samiksha
Wasnik

A continuing programme; see CCMB Annual Report
2006-07 pages, 146-147.

I. Background and importance:

The capacity to regenerate is based on the presence
of stem cells in a particular tissue/organ/body. Stem
cells possess an innate capacity to proliferate and
differentiate when recruited. Adult stem cells are
being derived from various lineages and
characterized. The various sources used in our
laboratory are placenta, Wharton’s jelly, cord blood,
bone marrow and adipose lipo-aspirate. All the
sources except bone marrow ard medical waste yield
a large number of highly potential stem cells. All these
MSC’s have been grown and passaged upto 50
population doublings. These MSC’s show markers,
defined for bone marrow derived adult MSC; in
addition, MSC’s derived form Wharton’s jelly and
placenta also express some of the embryonic
markers. Expression of these markers has also been
studied at the RNA level. These observations indicate
that the postpartum human placenta and Wharton
jelly are better sources for multipotent stem cells that
could be used for investigating mesenchymal
differentiation, cell therapy and tissue engineering.
MSC’s from placenta and Wharton jelly could
potentially eliminate the ethical and technical issues
involved with stem cell research.

II. Work done during the year:

1. Immunogenic response of various MSC

One of the motivations of stem cell research is their
ultimate use as potential cell therapy agents. The use
of the adult stem cells has to be autogenic or the cells
will be targeted for rejection by the immune cells of
the host. One of the main criteria of rejection is mis-
matching of HLA antigens. Staining of these MSC’s
showed presence of MHC I, and absence of MHC II
from the cells derived from the various sources
mentioned above.

Further studies were carried out to see if these cells
are able to elicit a mixed lymphocyte reaction in cell
culture conditions. We prelabelled lymphocytes and
co-cultured the labeled cells with MSCs from various
sources at different passages. Our studies showed
absence of MLR reaction while incubating with MSC’s
from any source. The positive control with epithelial
cells or phytohaemagglutinin showed clear peaks of
lymphocytic proliferation. The MSCs were challenged
for long terms to make sure and also differentiated in
vitro into a defined lineage to see their effect on MLR
reaction.

2. Differentiation of MSCs and their
compatibility with nano-scaffolds

Upon induction, the MSC derived from these sources
could be differentiated into osteogenic cells. Growth
of these cells in the presence of nanoparticles
of hydroxyapatite also drives them into the
osteolineage. Polymer matrix mediated synthesis of
calcium-deficient hydroxyapatite with variable Ca/P
ratio (1.58, 1.60 and 1.62) whose decomposition at
high temperature directly yields macroporous
aggregates of biphasic nanoparticles exhibiting three
different HA / β-Tricalcium Phosphate ratios of 50:50,
55:45 and 60:40. Mesenchymal cells were grown in
the presence of synthesized biphasic
nanocomposites with different HA / β-TCP ratios to
study their attachment and differentiation as a function
of HA / β-TCP ratios. Mesenchymal stem cells from
different sources exhibited biocompatibility of the
nanocomposite material synthesized. Cells were
grown in the presence of the nanostructured
hydroxyapatite in the presence and the absence of
collagen. Some of the nanocomposites with low Ca
were not so supportive of cell growth. In three samples
with decreasing concentration of calcium cell death
was very rapid within one or two days of plating, and
the few remaining cells would lift off by 10 days. On
the other hand, the composites with increasing PO4

(HAP) component allowed the cells to adhere, these

Shashi Singh
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cells stained positive for alkaline phosphatase. The
composite material with low β-TCP and high HAPs
(1.58, 1.6, 1.62) supported the growth of these cells
as their number had increased at the end of 10 days
period.

MSC’s had a tendency to gather the nano-scaffold
particles or crowd around the aggregates of these
particles as seen in SEM studies.

Staining for osteogenic markers showed

expression of alkaline phosphatase and

osteocalcin in these cells. Real time PCR analysis

of RNA from these cells demonstrated an increase

in expression of osteo-related genes in the cells

grown with scaffolds showing bio-compatibility.

Animal studies are planned with nano-materials to

study their efficacy in filling up fractures.

R Kumaresan, Shashi Singh

A continuing programme; see CCMB Annual Report for
2006-07 pages, 146-147.

I. Background and work done earlier:

Pancreatic amyloid plaques formed by Islet amyloid
polypeptide (IAPP) are present in more than 95% of
type II diabetes mellitus patients, and their abundance
correlates with the pathological sequelae of the
disease. IAPP or amylin is a 37-amino acid peptide
synthesized, packaged within secretory granules and
co-secreted with insulin by the islet-cells in response
to elevation in plasma glucose levels. Soluble IAPP
plays important roles in carbohydrate metabolism and
is currently considered to be the third pancreatic islet
hormone active in glucose homeostasis. Transgenic
mice expressing human IAPP (h-IAPP) exhibit a
diabetic phenotype associated with the deposition of
h-IAPP in amyloid form. In vitro, IAPP has a strong
tendency to aggregate into amyloid fibrils, and has
recently been described as the most amyloidogenic
polypeptide known.

We have cloned the amylin gene from human pancreas
under the CMV promotor for continuous expression in
the transfected cells. We have transfected CHO and
COS 1 cells with vector containing full-length amylin
GFP with CMV promoter and amylin-GFP minus the
signal peptide with CMV promotor. Our results reveal
that IAPP overexpression in the cells does not lead to
amyloid formation in situ or inside the cells as reported
by others. [It is only after secretion into the medium

2. Amyloid Formation in Type II Diabetes

we get to see the fibril formation, and accumulation of
fibrils in the medium can cause cytotoxicity of the
susceptible cells like RIN and COS 1].

II. Work done during the year:

IAPP membrane interactions

Ultrastructural changes during formation of amylin
fibrils were studied by transmission electron
microscopy and atomic force microscopy. Transmission
studies of various clones of CHO cells transfected with
amylin showed that cells secreting amylin, i.e., the full-
length clone, do not change in morphology but other
deletion mutants and site-directed mutants show
deposits within the cells. Cells with deletion of the signal
peptide or of the C or N terminal show accumulations
in the cytoplasm with no limiting membranes, whereas
pro-convertase site mutants reveal dilations of ER, and
many vacuolar inclusions, which appear to be fibrillar
in nature. Other cell structures appear occluded due
to predominance of vacuolar structures and dilated ER
in the vicinity. Since CHO cells are not affected by the
presence of fibrils in the surrounding medium, it does
not affect the membranes or mitochondria. But the
morphology of RIN and COS cells is quite disturbed
by the presence of fibrils, and the mitochondria and
membrane show lot of bleb-formation.

AFM studies reveal presence of fibrils in the
surrounding medium, if the medium is collected after
two-three days. Fibrils are 5-7nm in diameter and quite
rigid as seen in phase recordings which display the
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elasticity of the samples. Formation of fibrils was
followed after purification of amylin from culture
supernatants of stable transfectants of CHO and
COS1 cells. Purified amylin was incubated in
deionized water and fibrils appeared on the 5th day
of incubation. Our studies showed that even a
concentration as low as 1µM in vitro was enough to
cause the peptide to aggregate into fibrils.

One of the proposed mechanisms of toxicity of
amyloids is through membrane damage. Membranes
from CHO, RIN and COS1 cells were isolated and
incubated in the presence of preformed amylin fibrils.
Membranes showed pore formation and aggregation

within 30-45 min. Further increase in incubation time
did not cause much change. Membrane roughness
increased when incubated in the presence of
preformed fibrils.

Incubation of the membranes with free amylin on the
other hand showed formation of fibrils around the
membrane vesicles. Fibril formation was monitored in
the presence of membranes from responsive (RIN and
COS) and un-responsive (CHO) cells. Amylin fibril
formation was normally observed around 72h and fully
formed fibrils were seen around 120h. When incubated
in the presence of membranes, the fibrils formed
appeared to radiate from the membrane vesicles.

1. HIV Neuropathogenesis

Sunit Kumar Singh, Maryam Urooj

A new programme

I. Background and importance:

Neurobehavioral and neurologic changes have
been reported in the majority of HIV-1 infected
individuals. Autopsies have shown evidence of
central nervous system (CNS) cell damage in
70-80% of people who die with AIDS. HIV-1
integration in astrocytes and macrophages
isolated from the brain of patients, who died
with HIV-associated dementia, demonstrate
conclusively that astrocytes of HIV infected
individuals can be infected and harbor replication
competent HIV-1.

II. Future plans:

The exact mechanism by which HIV enters the CNS
is unknown. We are investigating the mechanism of

HIV neuro-invasion through the blood-brain
barrier (BBB), and the inflammation in CNS.
HIV dementia is thought to be due to indirect
effects of HIV-1 infection in the brain, including the
production of cytokines and other neurotoxins.
Our group is interested in identifying both viral
and host determinants which facilitate HIV in
the process of neuro-invasion through the BBB,
resulting in neurocognitive impairment and
other neurological disoders. The CNS appears
to be a prime target of HIV. CNS becomes
infected with HIV during early course of the HIV-1
infection. Our major interest is to understand
the mechanism of HIV neuro-invasion and associated
neuro-inflammation, specifically, to study the
mechanism of HIV-1-mediated neuroinflammation
and to understand the role of microRNAs during HIV
neuropathogenesis.

Sunit Kumar Singh
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1. Modelling Spatiotemporal Organisation in Biological Systems

C Suguna, Ramrup Sarkar, Shamit Bhattacharyya,
Celia Thomas, Pankaj Barah, Susmita Sarkar, Aridaman
Pandit, Somdatta Sinha

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 148-152.

I. Background, importance, and work done
earlier:

The primary interest of this group is to study the
evolution and maintenance of complex organisation
in living systems, and identify the generic mechanisms
that underlie their spatiotemporal functions. We use
theoretical concepts and techniques to study complex
biological processes and aim towards the
development and design of new properties of systems,
correction of pathological states, and prediction of
conditions for improved functions.

Our work spans different levels of biological
organisation and primarily focuses on – (a) Intra-
cellular networks, (b) Pattern formation in tissues and
collective behaviour, and (c) Ecological models of
single and interacting species.

II. Work done during the year:

(a) Intra-cellular networks:

During the year, we have continued our work on the
role of metabolic and genetic regulatory processes,
specifically single and dual feedback controls, in
deciding the dynamic behaviour of simple biochemical
pathways under fluctuations and noise in substrates
and parameters. We also continued the work on “gene
circuits” and comparative genome analyses of pathway

evolution. Here we report work done on “Protein
Contact Networks” and “Signalling pathways in T-cells”.

Protein Contact Networks:

Starting from a linear chain of amino acids, proteins
fold to different secondary structures, which then fold
through short and long-range interactions to give rise
to the final three-dimensional structures useful to its
functions. Proteins are defined as having a common
“fold” if they have major secondary structural elements
(SSE) with same topological connections. Using a
graph-theoretic approach, we model the native state
protein structures as coarse-grained networks of amino
acid residues (Cα as “nodes”) and the inter-residue
interactions/contacts (< 7 A0 distance as “links”). We
obtained the 3D structure of proteins belonging to
different “folds” available in the Protein Data Bank (PDB)
and the Structural Classification of Proteins (SCOP)
databases. We attempted to decipher the arrangements
of secondary structural elements in these proteins from
their coarse-grained networks, which do not consider
the atomistic details. A careful examination of five
representations of the protein structure were made-
the three dimensional structure visualization from the
structural coordinates, Topology diagram, “Contact
Map”, which is a symmetric, square, boolean matrix of
pair-wise, inter-residue contacts, the Ring Graph
visualization of the network, and a two dimensional
representation of the network (Fig.1). The Contact Map
and Ring Graph are found to be best suited for the
purpose of analysing the contacts among SSEs.

Somdatta Sinha

Fig.1: Different visualisations of protein 2IGD: (a) 3D structure, (b) Topology cartoon, (c) 2D Contact map (parallel and anti-parallel
contacts are shown), (d) Ring graph, and (e) 2D network of the PCN.
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Using the network representation of protein structures
and their 2D contact maps, we have initially identified
the conserved contact patterns (groups of contacts) in
two typical folds - the EF-hand and the Ubiquitin-like
folds. Figure 2 shows the 2D contact maps of three
proteins with diverse functions from the Ubiquitin-like
fold - 1BTOa (signaling protein in A. thaliana), 1H8Ca
(involved in apoptosis in Homo sapiens), and 1I35a (a
transferase in S. pombe). It is clear that there are four
groups of off-diagonal contacts (circled) that exist in
all these proteins, which are signatures of the specific
common arrangements of secondary structural
elements (“Folds”). The contacts along the diagonal
give some idea about the specific secondary structural
elements involved in making these contacts. We are
now extending our analysis to other classical folds to
characterize the conserved contact patterns using
contact maps. The importance of this method lies in its
simplicity and ease of computation, and requires only
the PDB structural coordinates as the input. Our results
can be used to implement a pattern-searching
algorithm, which can automatically detect different
types of folds and their combination in proteins.

Signalling pathways in T-cells:

Computational modelling methods are commonly
used to study the intra-cellular biochemical pathways
and their response to different perturbations. Recently
new approaches, based on graph theory and
constraint-based modelling methods, are being
employed for studying large networks of pathways.
Constraint-based modelling uses physiochemical
constraints such as mass balance, energy balance
and flux limitations to describe the potential behaviour
of an organism. Being constraint-based, the model is
capable of describing very large networks at the
genome scale by reconstructing the pathway from the
annotated genome sequence. A recent modification
of this approach includes Flux Balance Analysis (FBA)
for metabolic pathways, and Logical Steady State
Analysis (LSSA) for signal transduction pathways.
Using these approaches, we have set up the general
methodology to study the metabolic pathways and
signal transduction networks in T-cells, to explore the
mechanism of interaction among the tumour and
immune cells. We are focusing primarily on the in-
silico modelling and analysis of the signal transduction
pathways in T-helper cells, which may provide leads
to understand the diverse details of the pathway, and
identify potential target enzymes/genes for
improvement in function.

(b) Pattern formation in tissues and collective
behaviour

Though biochemical reactions underlie cellular
behaviour, the collective spatiotemporal behaviour of
a group of cells (tissue or cell population) can be quite
different from the individual dynamics of cells in
isolation. It is obvious that for any dynamics to be
observable in a multi-cellular environment the
constituent cells have to show partially or fully
synchronised behaviour. This is particularly important
when the intra-cellular dynamics is oscillatory, as the
phase difference among the cells can abolish the
oscillations in a population. Inter-cellular messengers
are known to play an important role in coupling the
cells to control their collective dynamics in multi-

Fig.2: Superposition of the Contact Maps of three proteins
(1BTOa, 1H8Ca, 1I35a of 73, 82, and 95 amino acids) having
Ubiquitin-like fold. The common group of contacts are circled.

142



cellular environment. We have been interested in
understanding the interplay of the local dynamics, the
nature and strength of interactions, and the
environment in describing the emergent collective
behaviour. Although in modelling studies such systems
can be described at different space–time scales, the
experimental quantities measured and predictions
useful for practical applications are at a macroscopic
(coarser or averaged) scale; these are limited by the
resolution of the measuring method and the
experimental protocol. A pertinent question then would
be if the spatiotemporal collective dynamics exhibited
by a multi-scale system can discriminate between the
coarse-grained and averaged measurements done at
different spatial and temporal scales.

Using a ring of cells as a simple model for a multi-cell
system (tissue), we have studied both spatial and
spatiotemporal average behaviour of the ensemble,
at different space-time scale. Figure 3 shows the
spatiotemporal dynamics exhibited by a 50-cell ring

– (a) and (c) are the space-time dynamics, and
(b) and (d) are the time evolution of the end product
(“signal”, z) of the cells when they are uncoupled
and coupled, respectively. It is clear that on
coupling (strength, ε = 0.72), the cells showing
uncorrelated, chaotically oscillating z, actually
synchronise their phases to show periodic
dynamics. In (e), (f), and (g), the temporal evolution
of the spatially averaged total output (Zav) of the lattice
in (c) and (d) are shown, when averaged over 50,
100, and 500 time units. Compared to (d), these
figures show that progressive coarsening of the scale
of measurement does not faithfully describe the
spatiotemporal patterns in the tissue. It masks the
collective dynamics observed at other space–time
scales, and exhibits completely different behaviours.
Thus, the coarseness or granularity of the
measurement schemes can lead to incorrect and
ambiguous inferences about system behaviour, and
can influence the predictive capability of the
experiments at other scales.

Fig.3: Spatiotemporal dynamics of 50 cells. (a) Space–time plot of uncoupled cells; (b) Superposition of time series of all cells; (c)
space–time plot of multi-cell system showing phase synchronised periodic dynamics on coupling; (d) Superposition of time series
of the coupled cells; Time evolution of the spatial average of total output (Zav) for the periodic synchronized state averaged over -
(e) 50 (f) 100, and (g) 500 time units.
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(c) Ecological models of single and interacting
species

Our earlier work in this area involved the study of
single and metapopulation dynamics of simple models
of one or two species. In an attempt to model species
with complex life history stages and traits (e.g., growth
stages, size, weight, density dependence,
feedbacks, etc), we studied, in collaboration with
Prof. Amitabh Joshi, JNCASR, Bangalore, the
population dynamics of the fruit fly, Drosophila
melanogaster. The three main stages in the life of
this insect between consecutive generations are the
larval, pupal, and adult stages. A critical analysis of
these stages indicates that there are three major
density-dependent feedback loops that contribute to
regulate the number of individuals in each stage
through body size, fecundity and larval survival. Till
date there are no explicit models to predict the
population dynamics of such organisms, and simple
knowledge of the numbers alone is found to be not
sufficient to predict the future abundance.

We have analysed a population data set of
49-generations, consisting of numbers and average
weights, of Drosophila raised in different combinations
of food regimes for the larvae and adult. Several
statistical and mathematical analyses have been

carried out on the time series of the adult population

size and their mean-weight data to decipher the

feedback loops. Non-linear regression analysis has

been done to fit different functional forms to the given

data. Analysis of this data set indicates that weight

indeed has some explicit role to play in the population

dynamics through its influence on female fecundity.

Therefore, a small sized adult population can arise

from two different routes, and thus, have different life

history traits - i) have small body size - as it arises

from a large number of larvae and high larval

competition, and ii) of large body size - arising from a

few larvae with low competition and access to more

food. These traits then influence the consecutive

generations through the adult’s body weight-

dependent differential fecundity. The fact that the same

number of adults can come from a large or small

number of eggs laid by the adults of earlier generations

(many to one mapping of sizes in subsequent

generations), renders modelling of this population

quite difficult by a single variable. Hence, we have

undertaken a program to formulate a mathematical

model coupling two life history parameters to give both

quantitative and qualitative assessments of their

relationship in deciding the population dynamics of

this insect with multiple life stages.
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1. Proteomics Studies

Ravi Sirdeshmukh, C S Sundaram, V M Dhople, S N
Chitnis, Rakesh Setty, Poonam Gautam, Ravindra Varma
Polisetty and other project staff

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 152-153.

I. Background, importance and work done
earlier:

We have been studying differential protein expression
in tumors and non-tumor tissues to identify tumor-
associated proteins as potential biomarkers or drug
targets. We have earlier identified differentially
expressed proteins in human astrocytomas – the most
common type of brain tumors, which enabled us to
propose a putative scheme to explain tumorigenesis
and progression of these tumors. We have used this
and immunoproteomics approaches for studying oral
cancers. We are also studying Aspergillus infections
by Proteomics. A large fraction of asthma patients
suffer from Aspergillus fumigatus (Afu) induced
allergies and it would be important to identify allergens
which may be responsible for immunoglobulin E (IgE)
response in patients with allergic aspergillosis. We
are also using a proteomics approach to study
mechanism of action of antifungal drugs used against
Aspergillus infections. Embryonic stem (ES) cells are
characterized by their ability to grow indefinitely and
capable of developing into cell types derived from all
three germ layers, a property termed pluripotency.
Studying gene expression in terms of mRNAs and
proteins to understand active pathways and regulatory
networks would be useful to understand stem cell
biology and for benchmarking the cells and their
differentiation states in molecular terms.  We have
been studying large scale protein expression in mouse
embryonic stem cells using LC MS approaches.

Our data on protein expression has been contributed
to Human Proteinpedia – a database of human
proteins. We are continuing this work now with new
Proteomics approaches which allow access to
regulatory proteins, including nuclear and membrane

Ravi Sirdeshmukh

proteins. Analysis is being carried out in clinical
specimens of tumors, tumor cell lines, as well as with
plasma from glioma patients to understand differential
expression of such regulatory proteins and their
implications for biomarker development. The work on
oral cancers is a collaborative effort with ACTREC,
Mumbai. Two approaches were used. In one, differential
proteins associated with oral cancers were identified
using direct 2-D gel electrophoretic comparisons from
control and tumor specimens followed by mass
spectrometry to identify the proteins. This study allowed
us to identify differential protein expression in micro-
dissected tumor and normal tissue from the gingivo-
buccal complex (GBC). Co-expression of eleven
proteins was found to consistently differentiate the
transformed from the normal epithelium.

II. Work done during the year:

1. Cancer proteomics

The work during this year was mostly related to analysis
of the results and additional experiments to respond
to the reviews of the paper describing our glioma study.
We studied the immunoreactivity of the putative tumor-
associated protein antigens to sera of cancer patients
by immunoblotting (immunoproteomics). Proteins from
KB cells separated by 2D-PAGE were immunoblotted
with IgG from sera of 28 cancer patients, 12 patients
with leukoplakia and 28 healthy individuals. Twelve
antigens were detected by the IgGs from the patients’
sera and have been identified by mass-spectrometry
and confirmed by immunostaining.

2. Proteomics of Aspergillosis

Amphotericin B (AMB) is the most widely used
polyene antifungal drug for the treatment of systemic
fungal infections including invasive aspergillosis. We
are trying to understand molecular targets of AMB in
Aspergillus fumigatus (A. fumigatus) by combined
genomic (in collaboration with IGIB, Delhi) and
proteomic approaches. Integration of data from
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transcriptomics and proteomics studies permits us to
substantiate the role of ergosterol synthesis pathway,
cell wall proteins and cell stress proteins in the drug’s
action.  Differential expression of Rho-GDP
dissociation inhibitor (Rho GDI), secretory pathway
GDI, clathrin, Sec 31 (subunit of exocyst complex)
and RAB GTPase Ypt51, was observed for the first
time in response to an antifungal drug and may
represent specific response of A. fumigatus to AMB.
The expression of some of these genes is being
validated by real-time reverse transcription-PCR (RT-
PCR). The AMB-responsive genes/ proteins observed
to be differentially expressed in A. fumigatus, may be
further explored for novel drug development.

3. Proteomics of mouse embryonic stem cells
(In collaboaration with NIA, NIH, USA)

Identification of proteins expressed in mouse
embryonic stem cell lines R1-9 and AB1 was
undertaken to develop a comprehensive database for
these cells. This would be followed by comparative
proteomics of ES cells, their respective embryoid
bodies, and the cell derivatives.

Mouse embryonic stem (mES) cells R1-9, and AB1,
were taken for expression analysis. High throughput
protein identification by 1DE-LC-ESI-MS/MS
approaches was initiated to access even low
abundance proteins. Over 100 SDS gel bands each
from R1-9 and AB1 cell proteins were processed for
tryptic digestion and extracted peptides were analyzed
for protein identification by ESI/MS/MS and LC MALDI
approach. Protein Identifications were validated against

expression analysis data such as cell serial
analysis of gene expression (SAGE), EST database,
microarray and protein expression literature for
these and other ES cell lines. Initial protein
identifications were further screened for three or
more peptide assignments and for expected
molecular weights (based on the position of the
protein band in SDS PAGE), which resulted in
identification of more than 5000 proteins at high
confidence levels in both R1-9 and AB1 cells. The
proteins identified from the two workflows were
complementary and also highly consistent with
those reported with other ES cell lines. Comparison
between the expressed proteins datasets with
those from DNA microarrays, SAGE, and ESTs
revealed overlapping identities, with 2186 protein
identities being common between all. These
studies represent the first extensive integrated analysis
of transcriptome and protein expression data. Pathway
analysis of all the datasets of proteins identified, using
KEGG, IPA, GenMAPP was carried out and their gene
ontology classification revealed transcription regulators,
signal transducers, cell cycle and differentiation
molecules, domain-containing proteins with the rest
classified under general metabolic processes,
cytoskeletal-related, or membrane-associated proteins.
The dataset also contained peptides of predicted
proteins from many hitherto unidentified genes.
Identification of these protein sequences is being
confirmed by other approaches and nuclear localization
of some of the new proteins will be studied to
understand their regulatory functions.
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1. Host-Guest Interactions in Plants: Genetics of Plant-pathogen
Interactions

Alok Pandey, Amit Das, M G Anil, G Aparna, Ashish
Ranjan, Dipanwita Sinha, Hitendra K Patel, Madhumita
Dasgupta, Prabhu Patil, P Srinivasa Rao, M R Vishnu
Priya, Ramesh Sonti

A continuing programme: Ref: CCMB Annual Report for
2006-07, Pages, 154-156.

I. Background and importance:

Xanthomonas oryzae pathovar oryzae (Xoo) causes
bacterial leaf blight (BLB), a serious disease of rice.
In India, it is particularly destructive to the khariff
crop which is grown during the south west monsoon
season. The high wind and rain that are experienced
by many parts of our country during this season
aid in the rapid dispersal of the pathogen. Xoo is
thought to gain entry into the rice plant through
either wounds or natural openings called
hydathodes that are concentrated at the edges of
the rice leaf. Once inside the leaf, it enters the xylem
vessels, which are part of the circulatory system of
the plant. The bacterium can use the xylem as a
highway and travel to more distant parts of the leaf,
or in certain cases to other leaves on the same plant.

We are using the techniques of genetics and
molecular biology to study Xoo virulence functions
and rice defense responses.

II. Work done during the year:

1. Expression analysis of XadA (Xanthomonas
adhesin-like protein A)

Bacterial adhesins are outer membrane located
proteins which promote attachment to either biotic or
abiotic surfaces. XadA is a 1265 amino acid long outer
membrane protein of Xoo which exhibits high homology
to adhesins of animal pathogenic bacteria, especially
YadA (Yersinia adhesin A) of Yersinia enterocolitica.
The XadA protein appears to have an important role in
the early stages of the infection process during which
Xoo attaches to rice leaf surfaces and gains entry into
the leaf through the hydathodes.

Polyclonal antibodies were raised against the
XadA protein to study its expression. It was found that
XadA is not expressed by the bacterium when it is
grown in peptone-sucrose (PS) medium which is the
standard laboratory medium that is used for
culturing Xoo. Interestingly, the protein is
expressed in a xylose-containing medium called
XOM2. XOM2 was originally constituted as a
medium which can mimic plant environment and
has been shown by other groups to facilitate
expression of bacterial genes which are otherwise
expressed only during bacterial growth in planta.
XadA expression was detected by Western analysis
within an hour of induction in XOM2 medium (pH 5.5).

Another surprising finding was that the XadA protein
was expressed in a 1:1 mixture of PS and XOM2
medium. This suggested that PS medium does not
contain an inhibitor of XadA expression, and that
XOM2 medium actually contains an inducer of
XadA expression. Careful analysis of each
component of the XOM2 medium showed that
the inducer of XadA expression is sodium glutamate.
XadA was found to express in a basal medium
containing only xylose as a sugar source, KH2PO4 as
a buffer (to maintain pH 5.5) and sodium glutamate.
The presence of either glutamate or glutamine could
induce XadA expression while no other amino acid,
including aspartate and asparagine, could do so.
Our preliminary results also indicate that XadA
expression is dependent on the uptake of glutamate
ions and not on the levels of intra-cellular glutamate.

To find out if this conditional expression of XadA is
regulated at the transcriptional or translational level,
semi-quantitative PCR and Real-time PCR analysis
of XadA transcript levels was done. XadA transcripts
are present, at approximately equal levels, under all
conditions, viz., PS, XOM2 and in glutamate-containing
basal medium, indicating a post-transcriptional
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regulation. It was also found by primer extension
studies that the XadA 5′ UTR is almost 180 bp long
and that the same transcriptional start site is used
during growth in either PS or XOM2 medium.  These
results indicate that XadA is expressed only in the
presence of glutamate ions and that control of
expression occurs at the post-transcriptional level.
Consistent with this possibility, we find that mutations
in genes for three Xoo transcriptional regulators (HrpG,
HrpX and TrhA) that promote induced in planta
expression of bacterial genes do not have any effect
on XOM2/glutamate induced expression of XadA. We
are currently in the process of creating translational
fusions of XadA with β-glucuronidase (GUS) reporter
to determine if XadA expression in XOM2 medium is
under translational control. The control of XadA
expression by glutamate is significant, as hydathodal
exudates of rice have been reported to be rich in
glutamate. Hence, Xoo may be using the presence of
glutamate as an indicator that it is in the vicinity of
hydathodes and that it should express XadA protein.

2. Rice gene expression changes following Xoo
infection of susceptible and resistant lines of rice

In collaboration with the Directorate of Rice Research,
we had previously used marker-assisted selection to
introduce the three rice resistance genes, Xa21, xa13
and xa5 into the genetic background of BPT5204
(Samba Mahsuri), a commercially important rice
variety that is Xoo susceptible. All of the three ‘R’ gene
containing lines are resistant to Xoo and one of them,
referred to as B210, was used in this study. Eighty
five day old rice plants of BPT5204 and B210 were
inoculated with either scissors dipped in an Xoo
culture or mock inoculated with water. Twenty four
hours later, a 0.2 cm leaf piece was excised, from the
cut end of each inoculated leaf. The leaf samples from
each treatment were pooled, RNA was isolated, gene
expression profiles were obtained using Affymetrix
rice gene chips (as per the protocol of Affymetrix) and
the data were analysed using AvadisTM software
version 4.3 (manufactured by Strand Life Sciences,
Bangalore). Differentially expressed genes in the

following combinations were identified: BPT5204-Xoo
inoculated vs. BPT5204-mock inoculated and
B210-Xoo inoculated vs. B210-mock inoculated.

A total of 977 genes are differentially expressed (>2.0
fold with p = 0.05) upon bacterial infection in the
susceptible interaction (i.e. infection of BPT5204), 448
of which are up regulated while 529 genes are down
regulated. Genes involved in signal transduction and
protein synthesis/turnover were present in a greater
proportion among up regulated genes, whereas
metabolism and transport-related genes were in a
greater proportion amongst the down regulated genes.
A total of 362 genes are differentially expressed (>2.0
fold with p = 0.05) upon bacterial infection in the
resistant interaction (i.e. infection of B-210), 218 of
which are up regulated, while 144 genes are down
regulated. Genes involved in defense responses were
present in a greater proportion among up regulated
genes, whereas energy and signal transduction-
related genes were in a greater proportion amongst
the down regulated genes. B210 exhibits excellent
resistance against several Xoo strains that have been
tested. Some of the genes that are up regulated
following Xoo inoculation of B210, particularly those
that are categorized as being defense response
functions and transcription factors, might be involved
in mediating these resistance responses. The role of
these genes in mediating resistance responses needs
to be analyzed in greater detail using over expression
and under expression studies.

The number of up and down regulated genes that
are common to the resistant and susceptible
interactions was also determined. As many as 117
genes (67 up regulated and 50 down regulated) are
differentially expressed in both the resistant and
susceptible lines following Xoo inoculation. A number
of these genes fall under the categories of disease/
defense (13 up/4 down), signal transduction (6 up/10
down) and metabolism (6 up/10 down). Detailed
studies of these genes should provide new insights
into the nature of the interaction between the rice plant
and the Xoo pathogen.
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1. Regulation of Stress Response: Heat Shock Proteins in Biology and
Medicine

Aftab Taiyab, Abhishek Asthana, Poonam Sehgal, S F
Neelofar, Vanathi Perumal, and A S Sreedhar

A continuing programme; Ref: The CCMB Annual Report
2005-06, Page, 143.

I. Background and importance:

Cells and organisms respond to stress by synthesizing
heat shock proteins (Hsps), thus Hsps form the most
ancient defense system. Hsps are also expressed
during development and differentiation.  Hsps function
as molecular chaperones and are involved in cellular
adaptation to stress, which promotes cell survival and
helps in the maintenance of cellular homeostasis. Hsp
accumulation is also seen in several
pathophysiological conditions including cancers.
Inhibition of Hsp function using drugs compromises
cell survival and proliferation. Transcriptional activation
of Hsps is tightly regulated at the transcription level
by heat shock transcription factors (HSFs). Two major
HSFs of mammals, HSF1 and HSF2 are associated
with induced and constitutive Hsps synthesis.

II. Work done earlier:

(i) Hsp90 is required for the maturation and
conformational stability of a large number of
oncogenic kinases and its inhibition results in
cytostasis or apoptosis of tumor cells.  Inhibition
of Hsp90 with drugs such as geldanamycin and
17AAG in IMR-32 cells induced Raf1 degradation,
Akt and ERK1/2 phosphorylation. Combination
of these drugs with curcumin destabilized ME
dephosphorylation K1/2, cyclin D1 and inhibited
the nuclear translocation of ERK1/2.

(ii) Hsp90 negatively regulates HSF1; using a rat
histiocytoma, BC-8, we demonstrated that though
geldanamycin failed to activate HSF1, HSF2 was
activated in the absence of HSF1. BC-8 cells
failed to activate HSF1 and synthesize Hsps upon
sub-lethal heat shock (42 °C, 45 min); therefore
sub-lethal heat shock induces apoptosis in these
cells. However, mild heat shock (42 °C, 30 min)

induced HSF2 activation which was followed by
HSC70 and lamp2a induction, and chaperone-
mediated autophagy. Using BC-8 model system
for the first time we demonstrate that similar to
HSF1, HSF2 also was inducible; however the
latter functions only in the absence of HSF1.

III. Work done during the year:

1. Hsp90 is essential for the maintenance of
cytoarchitecture in tumor cells

We demonstrated that compromising Hsp90
chaperone function with drugs compromised cellular
integrity. In addition, inhibition of Hsp90 with 17AAG
significantly altered the actin cytoskeleton of tumor cells
(Fig.1). The gross changes in the cytoarchitecture were
correlated with the loss of Hsp90 expression. When
compared with curcumin, 17AAG-induced cytoskeletal
changes were specific and irreversible. Our in vitro

binding experiments with purified Hsp90 and actin
demonstrated that Hsp90 binding to filamentous actin
was specific. Further, filamentous actin interfered with
Hsp90 dependent in vitro luciferase renaturation and
acto-mysoin motility assays. Our results indicated that
besides inhibiting oncogenic signaling, Hsp90 inhibition
destabilized the actin cytoskeleton. Moreover, 17AAG
delayed both in vitro wound healing and colony

Fig.1: (A) Hsp90 inhibition induces actin reorganization in
human T-lymphocytes (Jurkat) and neuroblastoma cells
(IMR32): Cells treated with 2 mM 17AAG were fixed and stained
for actin with rhodamine phalloidin. (B) Hsp90 inhibition delays
in vitro wound healing of rat fibroblasts: Control and cells treated
with 2 µM 17AAG were subjected to in vitro wound (disruption
of monolayer with sterile needle) and the delay in wound healing
was observed after 16h.
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formation of tumor cells on soft agar. In summary,
geldanamycin/17AAG induced cytoskeletal alterations
that affected proliferation and migration of tumor cells.
These findings are of clinical importance, because they
suggest a novel element of Hsp90 inhibition in
anticancer treatments.

The mitochondrion is central for cellular energy thus
its normal functioning is essential for cell survival. In
IMR-32 cells, 17AAG induced a significant structural
change in mitochondria that was followed by its fusion
and by an increase in mitochondrial membrane
potential. Vincristine and taxol also altered
mitochondrial structure but fusion was not observed.
Unlike geldanamycin, the curcumin treatment
induced reversible circular mitochondria. Antioxidant
such as reduced glutathione and alpha-tocopherol
treatments failed to protect mitochondria from the
geldanamycin effect (Fig. 2).

2. Piplartine, a novel compound isolated from
Pipar chaba is a selective cell cycle inhibitor
(in collaboration with Dr. Madhusudhana Rao,
Organic Division, Indian Institute of Chemical
Technology, Hyderabad)

Plant or herbal extracts have been a source of
developing novel cancer therapeutics. We isolated a
compound piplartine, from Piper chaba roots, and
evaluated its cytotoxic properties. In a large variety of
tumor cells, although piplartine at low concentrations
was not cytotoxic, it functioned as an antiproliferative
by arresting cells in G2/M phase of cell cycle. Cells
such as BC-8 and P388-D1 that are lacking inbuilt
stress response mechanism were arrested in G1/S
phase of cell cycle suggesting a selective and specific
cytostatic effects of this drug. We are studying the
combinatorial effect of piplartine with Hsp90 inhibitor
drugs and other chemotherapeutics such as curcumin
so as to understand the synergistic and enhanced
antitumor activity.

3. Promoter analysis of molecular chaperone
HSP47 under various stress conditions (in
collaboration with Prof. Kazuhiro Nagata, Frontiers
in Medical Sciences, Kyoto University, Japan)

HSP47 is a collagen-specific molecular chaperone
that assists in the molecular maturation of procollagen
in the endoplasmic reticulum. Collagen is the most
abundant ECM protein in mammals. A decrease in
gravitational load during space flight leads to soleus
muscle atrophy. Thus hyper gravity-induced stress
response was studied in BALB/3T3 and 293 cells
using different deletion constructs of Hsp47 promoter
cloned into luciferase expression system.  Luciferase
activity under hyper gravity conditions was enhanced
in Hsp47 positive BALB/3T3 cells. Hsp47 null 293 cells
did not respond to hypergravity.

Fig.2: (A) Hsp90 inhibition induces mitochondria structural
reorganization in neuroblastoma cells (IMR32): Cells treated
with 2 µM 17AAG were fixed and stained with mitotracker.
(A) Hsp90 inhibition induces fusion of mitochondria.
(B) prolonged incubation with the drug resulted in the
accumulation of mitochondria limiting its functions.

Control 17AAG

6h

16 h

A

B
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1. Molecular Mechanism of Pathogenesis of Glaucoma Caused by
Mutations in Optineurin Gene

A Nagabhushana, Ch Sudhakar, Madhavilatha Chalasani*,
N Jain, Vipul Vaibhava, V Radha, Ghanshyam Swarup (In
collaboration with D Balasubramanian*, L.V. Prasad Eye
Institute, Hyderabad)

A continuing programme;  Ref: the CCMB annual Report
for 2006-07, Pages, 158-159.

I. Background, importance and work done
earlier:

Glaucoma is the second leading cause of blindness
worldwide. It is a heterogeneous group of optic
neuropathies which is characterized by the death of
retinal ganglion cells leading to a deformation of the
optic nerve, known as glaucomatous cupping, and
progressive loss of vision. Glaucoma is often
associated with high intraocular pressure. The most
common form of glaucoma is the primary open angle
glaucoma (POAG), which affects about 33 million
people worldwide and accounts for about half of the
glaucoma patients. Several genetic loci have been
linked with glaucoma. Mutations in myocilin gene are
associated with early onset POAG and also in certain
adult onset POAG patients. Normal tension glaucoma
(NTG) is a subgroup of adult onset POAG in which
the intraocular pressure is within the normal range.
Mutations in OPTN gene (which maps to GLC-1E
locus on 10p14) were found to be associated with a
fraction (16%) of families affected with normal tension
glaucoma. The normal function of optineurin (the
protein coded by OPTN gene) is poorly understood.
Optineurin expression is not restricted to tissues of
the eye and is expressed at high level in muscle, heart,
liver and testis.

The main objectives of this project are to determine
the function of optineurin in normal human cells and to
understand the molecular mechanism by which
glaucoma-associated mutations of optineurin cause the
disease. Earlier work at the CCMB showed that the
most common mutation of optineurin, E50K, selectively
induces the death of retinal ganglion cells (RGC-5) but
not of other cell lines tested. Cell death induced by

E50K mutant in RGC-5 cells, is mediated by oxidative
stress because it is inhibited by antioxidants, N-acetyl
cysteine and Trolox. Reactive oxygen species are
produced upon expression of E50K.

II. Work done during the year:

1. Regulation of NF-kB activation of optineurin
and E50K mutant

Previously we have shown that the E50K mutant of
optineurin inhibits TNFα-induced NF-κB activation
much more strongly than normal optineurin in HeLa
cells. This inhibition occurs upstream of I-κB (inhibitor
of NF-κB) degradation. Further investigation into the
possible mechanism of E50K-dependent inhibition of
TNFα-induced NF-κB activity showed that the
E50K mutant formed a complex with TNF receptor 1
(TNFR-1) and showed colocalization with it, whereas
wild-type optineurin did not. Recently a ubiquitin-
binding domain (UBD) has been identified in the C-
terminal region of optineurin which can be inactivated
by D474N mutation. A mutant of optineurin containing
both E50K and D474N mutations was generated to
gain further insight into the regulation of TNFα-
induced NF-κB signaling by mutant optineurin. The
E50K D474N double mutant did not inhibit TNFα-
induced NF-κB activation and did not show any
significant colocalization with TNFR-1. Thus, the UBD
is required for E50K-dependent inhibition of NF-κB
and colocalization with TNFR-1. E50K mutant forms
larger vesicles than normal optineurin which
colocalize with ubiquitin. The function of UBD is
required for vesicle formation by E50K and
colocalization of E50K with ubiquitin. These results
suggest that complex formation with TNFR-1 and
other ubiquitinated proteins plays a role in E50K-
dependent inhibition of TNFα-induced NF-κB activity.

2. E50K mutant and vesicular trafficking

A role for optineurin in vesicular trafficking between
Golgi complex and plasma membrane has been
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proposed. Since the E50K mutant forms larger vesicles
than wild-type optineurin, it is possible that this could
be a result of defect in the vesicular trafficking function
of optineurin. Therefore we attempted to characterize
these vesicles in HeLa cells by using various markers.
E50K vesicles showed strong colocalization with
transferrin receptor, a marker for recycling endosomes
(Fig.1), but not with EEA1 and Rab5, markers for early
endosomes. These observations suggest that the
E50K mutant causes a defect in the endocytic
recycling pathway which results in the formation of
large vesicles. Since Rab8 (which interacts with
optineurin) plays a role in endocyctic recycling, we
tested the interaction of the E50K mutant with Rab8
and found that the E50K mutant does not interact with
Rab8 in the yeast two-hybrid assay. However, a
constitutively activated mutant of Rab8 (Q67L) showed
weak interaction with the E50K mutant. Overall, our
results suggest that altered interaction of E50K with
Rab8 results in defective trafficking by E50K in the
endocytic recycling pathway. These results also
suggest that optineurin has a role in vesicular
trafficking in the endocytic recycling pathway.

3. Mechanism of regulation of optineurin gene
expression

The available evidence indicates that altered level of
opti.neurin protein expression may contribute to cell

survival under certain conditions of stress. Therefore
it is important to understand the molecular
mechanisms, which regulate optineurin gene
expression. We have cloned and characterized the
human optineurin gene promoter. This promoter is
activated upon treatment of A549 and HeLa cells with
TNFα. Mutation of a putative NF-κB-binding site
resulted in nearly complete loss of activation by TNFα.
Basal promoter activity was also reduced in the mutant
promoter. Overexpression of p65 subunit of NF-κB
activated this promoter through NF-κB site.
Oligonucleotides corresponding to this putative NF-
κB-binding site showed binding to NF-κB p65.
Blocking of NF-κB activity resulted in inhibition of
TNFα-induced optineurin gene expression. These
results show that optineurin gene expression by TNFα
is regulated by NF-κB through a binding site in the
minimal promoter. Downregulation of optineurin by
shRNA resulted in an increase in TNFα-induced as
well as basal NF-κB activity. Overexpressed optineurin
in HeLa cells partly inhibited TNFα-induced NF-κB
activation and p65 translocation to nucleus. Our
results suggest that there is a negative feedback loop
through which activation of NF-κB by TNFα leads to
induction of optineurin, a negative regulator of NF-
κB. These findings have relevance to glaucoma
because both NF-κB activity as well as optineurin,
have been linked with glaucoma.

Fig.1: Mutant E50K optineurin colocalizes with transferrin receptor (TfR), a marker for recycling endosomes.
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Yatender Kumar, V Radha, Ghanshyam Swarup

A continuing programme; Ref: CCMB annual report for
2006-2007, Page, 160.

I. Background:

The tumor suppressor protein p53 plays an important
role in mediating response to DNA damage and other
stresses resulting in either growth arrest or apoptosis.
Many anti-cancer drugs induce p53-dependent
apoptosis. We have earlier shown that caspase-1, as
well as its activator, Ipaf are transcriptional targets of
p53 and play a role in p53-mediated apoptosis.
Investigating the regulatory mechanisms involved in
Ipaf activation, we found that its C-terminal LRR
domain, through interaction with the NBD domain
negatively regulates apoptosis-inducing function of
Ipaf. Over-expression of a construct lacking the LRR
domain (activated-Ipaf) induces caspase-3- and
caspase-8-dependent apoptosis in human lung
carcinoma cells (A549).

II. Work done during the year:

To find activators and effectors of Ipaf, a yeast
two-hybrid screen of human placental cDNA library
was performed using Ipaf as bait. Human Sug1 and
HIC/MDFIC were the two novel interacting partners
found for activated Ipaf. They did not interact with full
length Ipaf or the independent NBD or LRR domains

2. Mechanism of Induction of Apoptosis by Tumor Suppressor p53 and
Anticancer Drugs

in yeast. Sug1 is one of the subunits of 19S regulatory
component of 26S proteasome. Ubiquitin-proteasome
pathway is involved in regulated proteolysis of
cellular proteins. This proteolysis is ATP-dependent
and is mediated by six distinct but related
ATPases in the 19S complex. One of these ATPases
is Sug1. The ATPases in the proteasome are believed
to participate in the recognition of distinct substrates
for proteolysis. Functional analysis was carried out
for the interaction between Ipaf and Sug1. In vitro, full
length and activated Ipaf interacted with GST-Sug1.
Coimmunoprecipitation from cell lysates showed
Sug1 interaction with activated Ipaf as well as with
full length Ipaf. Sug1 shows colocalization with Ipaf
and activated Ipaf and potentiates apoptosis induced
by Ipaf and activated Ipaf. Coexpression of ATPase
defective mutant of Sug1 (K196M), which functions
as a dominant negative, inhibited activated
Ipaf-induced apoptosis. These results suggest that
Sug1 is an effector of Ipaf-mediated apoptosis. Since
Sug1 is a component of proteasome we used an
inhibitor of protease activity of proteasome (MG132)
and demonstrated that proteasome-mediated
degradation is required for apoptosis induced by
expression of Ipaf and Sug1. We have therefore
identified a novel interacting partner of Ipaf that plays
a role in apoptosis.

4. Mechanism of induction of cell death by the
E50K mutant of optineurin

Previously we have shown that the E50K mutant of
optineurin induces death of RGC, which is mediated
by oxidative stress. To determine the role of ubiquitin-
binding domain (UBD) in E50K-induced cell death,
D474N mutation was introduced in the E50K mutant.
Inactivation of UBD by D474N mutation resulted in
loss of cell death-inducing ability of the E50K mutant
in RGC. The E50K D474N double mutant does not

form vesicular structures in RGC5 cells, which are
formed by E50K. The vesicles formed by the E50K
mutant show partial colocalization with ubiquitin.
These results suggest that the E50K mutant forms a
complex with ubiquitinated proteins and this complex
formation is necessary for induction of cell death in
RGC. Since the E50K mutant is altered in its
interaction with Rab8, it is likely that altered interaction
with Rab8 may also contribute to the ability of E50K
mutant to induce death of RGC.

Annual Report 2007-2008 153



3. Signal Transduction by Protein Tyrosine Phosphatases

M Madhavi, Bharti Moudgil, V Radha, Ghanshyam Swarup

A continuing programme, Ref: CCMB Annual Report for
2006-07, Page, 157

I. Background, importance and work done
earlier:

Protein tyrosine phosphatases play a crucial role in
the regulation of various cellular functions in different
sub-cellular compartments. The T-cell protein tyrosine
phosphatase TC-PTP is ubiquitously expressed as two
different splice variants, TC45 and TC48. The TC45
isoform is located predominantly in the nucleus and to
a lesser extent in the cytoplasm. The TC48 isoform is
present mainly in the ER and to a lesser extent in the
ERGIC and the Golgi complex, organelles of the early
secretory pathway. The localization of TC48 in the ER
is maintained by the signals present in C-terminal
sequences although there is no well known ER-retrieval
signal such as KDEL, dilysine or diarginine motif.
Recently, we have shown that after its synthesis TC48
moves from ER to ERGIC and the Golgi complex and
then is retrieved back to ER. Retrieval is facilitated by
interaction with transmembrane proteins p23 and p25
(also known as putative cargo receptors).

It is believed that the cycling of some ER resident
proteins through post ER compartments followed by
their retrieval to ER is a mechanism of targeting of
these proteins to ER. However, it is likely that this
cycling of a protein such as protein tyrosine
phosphatase TC48 serves an additional function of
regulating a biochemical activity at the Golgi, ERGIC
or transport vesicles. Therefore it is important to
understand the mechanisms, which regulate
trafficking of TC48 through the ER, ERGIC and Golgi.

II. Work done during the year:

1. Role of Golgi complex associated GCP60 in
Golgi localization of TC48

Previously we have shown that GCP60, a Golgi-
associated protein interacts with C-terminal 40 amino
acids of TC48, which are sufficient for targeting GFP
to the Golgi. GCP60 colocalizes with TC48 in the Golgi
complex and enhances Golgi localization of TC48.

GCP60 also interacts with p25 and p23, which are
components of COP1 vesicles involved in retrograde
transport from Golgi to ER. The interaction of p23 and
p25 with GCP60 is mediated by their lumenal domain.
Our results suggest that GCP60 enhances Golgi-
localization of TC48 by inhibiting the retrieval of TC48
from Golgi to ER; this is achieved by two different
mechanisms: by direct interaction with TC48 and also
by interaction with COP1 components, p23 and p25,
which interact with TC48 and mediate retrieval of TC48
to ER from Golgi.

2. Interaction of TC48 with a SNARE protein

Previously we have shown that a SNARE protein,
Syntaxin 17, interacts with TC48 in yeast as well as
mammalian cells. SNARE proteins are important
components of protein complexes that are involved in
membrane fusion events during vesicular trafficking.
Syntaxin 17 is present in smooth ER and is believed
to function in a trafficking step to the smooth ER. The
C-terminal 40 amino acids of TC48 are sufficient for
interaction with Syntaxin 17. Amino acids 121-273 of
Syntaxin 17, which include the transmembrane
domain, are required for interaction with TC48.
Treatment of cells with pervanadate resulted in
phosphorylation of Syntaxin 17 at tyrosine 156.
Coexpression of TC48 resulted in reduced tyrosine
phosphorylation of Syntaxin 17, indicating that TC48
may be involved in dephosphorylating it. Upon
pervanadate treatment, Syntaxin 17 showed enhanced
localization in the Golgi region where it showed
colocalization with b-cop. These observations raise the
possibility that tyrosine phosphorylation of Syntaxin
17 may regulate its vesicular trafficking function to
smooth ER. Syntaxin 17 interacts directly with p23 and
p25, which are components of COP1 vesicles. The C-
terminal tail and transmembrane domains (amino acids
227-302) of Syntaxin 17 are involved in interaction with
p23 and p25. Overall our results are consistent with
the suggestion that Syntaxin 17 is involved in
retrograde transport from the Golgi to the ER, mediated
by COP1 vesicles and this process is regulated by
tyrosine phosphorylation of Syntaxin 17.
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4. Role of a Guanine Nucleotide Exchange Factor, C3G, in Actin
Reorganization

Aninda Mitra, Kunal Dayma, Rajesh Gupta, G Swarup,
V Radha

A continuing programme; Ref: The CCMB Annual Report
for 2006-07, page, 162.

I. Background, importance and work done
earlier:

Extracellular signals controlling cell division, adhesion,
migration, differentiation and apoptosis are often
relayed by tyrosine phosphorylation-mediated
signalling, through guanine nucleotide exchange
factors (GNEFs) to small GTPases. This leads to
initiation of kinase cascades causing changes in gene
expression and cytoskeletal organization. C3G is a
ubiquitously expressed GNEF, transmitting signals
from extracellular matrix and growth factors with
reported roles in cell growth, adhesion, transformation
and immune response. Absence of C3G causes
embryonic lethality in mice and mutant fibroblasts
display impaired cell adhesion and accelerated
migration. The mechanism by which C3G regulates
these cellular functions is poorly understood.
We have earlier shown that overexpression of
C3G results in filopodia formation in epithelial cells
and neurite growth in human neuroblastoma cells.
C3G interacts with and is a substrate of cellular
Abelson tyrosine kinase, c-Abl. The role of C3G as a

component of signalling pathways leading to actin
reorganization and morphological changes in cells is
being investigated.

II. Work done during the year:

1. Functional consequence of C3G interaction
with c-Abl

Signaling to apoptosis is one of the major functions of
c-Abl and it has therefore been important to understand
Abl activation mechanisms and its effector substrates
involved in apoptosis. Exogenously expressed c-Abl
phosphorylates C3G only in cells undergoing apoptosis
(Fig.1). Selective phosphorylation of C3G is due to
specific c-Abl activation (also seen only in apoptotic
cells) and not due to C3G availability. Control of c-Abl
activation and phosphorylation of C3G is dependent
on SH3 and F-actin binding domains of c-Abl. Phospho-
C3G (p-C3G) staining seen in c-Abl expressing cells
localizes to areas of intense F-actin staining and is
dependent on an intact actin cytoskeleton.
Phosphorylation of C3G at Y504 enables interaction of
c-Abl with C3G. Oxidative stress but not cisplatin (a
DNA damaging agent) activates c-Abl to phosphorylate
C3G and C3G activity is required for c-Abl induced
apoptosis. We have therefore identified a novel substrate
of c-Abl specifically phosphorylated in response to
oxidative stress and in cells undergoing apoptosis.

V Radha

Fig.1: Expression  of the c-Abl tyrosine kinase results in phosphorylation of C3G selectively in apoptotic cells. A) Panels
depict confocal images of cells showing c-Abl expression(green) and phosphorylated C3G(red). Cell and nuclear morphology is
shown in the phase and DAPI panels respectively. Arrow indicates a cell undergoing apoptosis. B) p-C3G in apoptotic cells is
present in specific subcellular domains and does not match the localization of c-Abl, suggesting selective c-Abl activation.

c-Abl            p-C3G            merge             DAPI              phase

A B

c-Abl/p-C3G/DAPI
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2. Role of C3G in neuronal differentiation

Human neuroblastoma cells, IMR-32 induced to
differentiate by serum starvation or by treatment with
NGF or forskolin, show enhanced C3G protein levels.
C3G catalytic activity is required for forskolin-induced
differentiation. In response to forskolin treatment, C3G
is activated by tyrosine phosphorylation predominantly
in the Golgi suggesting that vesicle trafficking is
required for neurite growth. C3G expression induces
expression of the cell cycle inhibitor p21, suggesting
that C3G acts bi-functionally to cause cell cycle exit as
well as differentiation. C3G knockdown using shRNA
enhanced cell death in response to serum starvation,
demonstrating a role for C3G in regulating survival and
differentiation of human neuroblastoma cells.

3. Role of C3G in epithelial mesenchymal
transition (EMT)

The actin cytoskeleton is responsible for maintenance
of adherens junctions in epithelial cells and undergoes
reorganization during EMT, a process involved in
tissue remodelling during embryonic development and

in disease states like metastasis. The molecular
players responsible for formation and dissolution of
adherens junctions, and in the signalling pathways
regulating EMT need to be understood. Activation of
tyrosine kinases induces phosphorylation of C3G at
adherens junctions where it colocalizes with β-catenin.
Two breast cancer cell lines, MDA-MB-231 and MCF-
7 (high and low metastatic potential) were compared
and p-C3G levels at adherens junctions in MDA-MB
cells were found to be relatively poor compared to
those in MCF-7, though total cellular p-C3G content
was higher. GSK-3 beta inhibition, which mimics
activation of signalling leading to EMT induced nuclear
translocation of C3G similar to that of β-catenin. While
GSK-3 beta inhibition increased cellular β-catenin
levels, it downregulates reduced total C3G protein
levels showed downregulation. Exogenously
expressed C3G inhibits TCF/LEF-mediated promoter
activation stimulated by GSK-3 beta inhibition. These
results suggest a function for C3G as a negative
regulator of EMT.
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1. Identification of SNPs and SNP Haplotypes

Anshu Bharadwaj, Shrish Tiwari

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Pages, 163-164

I. Background and work done earlier:

As part of our effort to understand and diagnose
mitochondrial diseases, we have developed a web tool
to score mitochondrial SNPs for their possible
association with disease phenotypes. A number of tools
for predicting deleterious effects of nucleotide changes
in genes and tRNAs were integrated to assess the effect
of SNPs in patients, which either do not occur in normal
individuals or occur in them with a significantly lower
frequency. Apart from Indian ataxia patients, the tool
was tested on data available in MitSNP containing SNPs
in Japanese individuals with the following phenotypes:
Alzheimer’s Disease, Parkinson’s Disease, thin
phenotype, obesity, obese type-II diabetes, type-II
diabetes with angiopathy. Sequence of normal
Japanese centenarians was used as the control set.

Shrish Tiwari

II. Work done during the year:

We have developed a comprehensive search

tool, CompreSNPdb, to retrieve information on

genes, SNPs, diseases and pathways. Seventeen

databases, including Entrez gene, GO, GOA,

LSDBs, dbSNP, HapMap, Ensembl, ALFRED,

SNP2NMD, SNP500cancer, SNPs3D, OMIM,

GAD, GATACA, KEGG, HumanCyc and

Inparanoid Eukaryotic Ortholog Groups have

been integrated to allow retrieval of relevant

information on disease related genes/SNPs.

Various filtering options are provided to

customise the output according to the user’s need.

When the performance of CompreSNPdb was

compared with that of similar online tools, it

extracts more relevant information, often missed

completely by other tools. CompreSNPdb can

be used to generate testable hypothesis and

to validate predictions made by other tools.

2. De novo Gene Finding

Kousik Kundu, Shrish Tiwari

A continuing programme; Ref: CCMB Annual Report for
2006-2007, Page, 164

I. Background and work done earlier:

Signal-to-noise ratio in the Fourier transform of genes
and non-coding DNA was computed. Cumulative plots
for the protein-coding genes and non-coding DNA
were generated. The intersection of the cumulative
curves for protein-coding and non-coding DNA define
the threshold value of the signal-to-noise ratio, such
that values above the threshold imply protein coding
regions and those below imply non-coding DNA.

II. Work done during the year:

A computer program to scan complete genome
sequences of prokaryotes and predict protein-coding

genes using the algorithm described earlier
was developed and applied to the Escherichia
coli genome. We compared our predictions
with annotated protein coding genes to compute
the sensitivity and specificity of our algorithm.
The parameters, such as window length, minimum
exon/intron size and threshold value were optimized
to obtain maximum sensitivity and specificity.
The sensitivity and specificity values of
GeneScan were compared with those of Glimmer,
a widely used program for gene prediction in
prokaryotes. The performance of GeneScan
was comparable to that of Glimmer. We are in the
process of analyzing other bacterial genomes.
We plan to extend this analysis to eukaryotic
genomes as well.
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1. Molecular Parasitology

Brajesh Kumar Singh, Nitin Tupperwar, Vidhi Puri, Krishna
Priya, Mala Upadhyay, Tushar Vaidya

A continuing programme; Ref: CCMB Annual Report for
2006-07, pages, 165-166.

Our laboratory is interested in understanding host-pathogen
interactions that dictate the outcome of infection.

I. Background and importance:

Our pathogen model system is the protozoan,
Leishmania donovani. The Leishmania parasite is
transmitted from one human to another by an insect
vector, the sand fly. Within the insect, the parasite
exists as an extracellular, flagellated promastigote.
When the sand fly bites, the parasite is reintroduced
into the mammalian host where it invades the
macrophage, converting into an intracellular, sessile
amastigote, hiding in the phagolysosome.  The cycle
continues when yet another set of sand flies bite the
infected individual.  In order to cope with these different
situations, the parasite expresses a myriad of
developmentally regulated genes, each with a
presumably critical role in that particular stage or
environment.  Our long-term objectives are to identify
and analyze molecules and mechanisms that confer
any advantage to the parasite during the various
stages of its life cycle.

II. Work done earlier:

Identification of differentially regulated genes

We have established a cell-free in vitro system for
the growth and inter-conversion of promastigotes to
amastigote forms of virulent L. donovani.  In both of
these in-vitro systems, cells exhibit appropriate stage-
specific expression of certain genes that have been
previously characterized, suggesting that they are
representative of the developmental stages of the
parasite. We have also established virulent and
attenuated lines of Leishmania, derived from a single
clone. Using these lines, we initiated analyses of
differentially regulated genes in L. donovani by doing
a comparative Differential Display–PCR analysis of
cDNAs from promastigotes and amastigotes. As a

result of our analyses, we had identified several genes
which are regulated differentially either in a growth
stage-specific manner or developmentally regulated
or virulence-specific manner, either singly or in
combination of each of the above criteria.

III. Work done during the year:

META1

One of the promastigote and virulent-specific genes
identified in our screen was META1, previously
described in Leishmania major.   Using Real time
PCR, we have quantified the expression of META1
transcript in different life cycle stages as well as in
virulent and attenuated cells. The META1 expression
is upregulated in virulent Leishmania as compared to
attenuated cells. In both virulent and attenuated cells,
the META1 transcript is upregulated in the amastigote
stage. We have also generated polyclonal antibodies
against recombinant META1. On western analyses,
these polyclonal antibodies recognize native META1
protein in all developmental forms of L. donovani.  In
parallel to our transcript studies, our protein
expression data reveals that the attenuated cells
indeed have significantly less META 1 protein as
compared to virulent cells. Quite unexpectedly, in both
virulent and attenuated cells, we find that the level
META1 protein is not directly commensurate with level
of transcript, suggesting that META1 is regulated at a
translational level as well.

Our studies on the regulation of META1 expression
have revealed that its expression is also regulated by
environmental clues such as pH and temperature.  In
addition, treatment of Leishmania with cycloheximide
indicates that regulation of META1 transcript requires
de novo protein synthesis. Our results suggest there
are multiple modes of regulation that control the level
of META1 in cells. However, at all stages, the virulent
Leishmania cells have greater META1 expression than
in attenuated cells, reiterating the notion that META1
is closely linked to virulence.

Tushar Vaidya
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To address the function of META1, we have taken a
bioinformatics approach to gather insight into possible
ways in which this protein might participate in
virulence.  Homology searches in public databases
reveal that a) the protein is conserved in all members
of Family kinetoplastidae and b) the closest related
protein, outside this family, occurs in bacteria. Going
by several criteria including phylogenetic tree analysis,
overall GC%, codon adaptive index and Pfam
searches, our analysis suggests that META1 may
have been horizontally transferred from bacteria to
Leishmania (and Kinetoplastids). Furthermore,
examination of the META1 protein sequence and the
codon substitutions in its homologs in other organisms
reveals that META1 protein is under negative pressure
to change.  This suggests that META1 function maybe
conserved in evolution, in spite of the horizontal mode
of transfer.

Differentially Regulated Gene (DRG)

Our work on attenuation genes has focused on a novel
gene, which we have named Differentially Regulated
Gene (DRG).  In the Leishmania genome, DRG occurs
as two paralogs (DRG1 and DRG2) on the same
chromosome, each gene encoding virtually identical
proteins except for the last 5 amino acids. A central
transmembrane domain in DRG is conserved within
all related Trypanosomatids. The two DRG genes have
distinct 3′UTR.  However, across Leishmania species,
the respective 3′UTRs for each DRG gene is extremely
conserved.  This is significant because gene regulation
in Leishmania is mediated by elements in the 3′UTRs
of genes.  Interestingly, despite coding for such closely
related proteins, DRG1 and DRG2 genes have distinct
expression pattern: Both DRG1 and DRG2 show an
up regulation in stationary phase cells; only DRG1 is
upregulated in Leishmania that have lost virulence and
DRG2 is highly expressed only at insect stage and gets
repressed in the mammalian stage.

The upregulated expression of  DRG1 in
attenuated cells contrasts strikingly with our
results with META1 and thus presents us with an
opportunity to study virulence mechanisms from
a different perspective: loss of virulence due to
increased expression of a gene. We are currently
focusing on the expression and localization of
DRG1 in Leishmania.  We have generated
transgenic Leishmania ectopically expressing
DRG1 fused to GFP. Our results indicate that
DRG1 is an extremely labi le protein whose
expression is detectable for only a short period
time, upon treating cells with fresh media. Upon
such a stimulus, DRG1 protein is induced within
2 hours, peaks between 8-12 hours and returns
to baseline levels.

In order to study the function of DRG1, we began
by comparing the growth properties of virulent
cells versus attenuated cells. The two cell types
grow with virtual identical kinetics up to day 8.
Then, strikingly, the virulent cells die off rapidly
by day12.  On the other hand, attenuated cells
show an initial rapid decline, also on day 8, to
approximately 30% of the peak cell density,
followed by a prolonged survival of the remaining
cells up to day 20.  Ectopic expression of DRG1
in virulent or attenuated Leishmania results in a
growth pattern that is initially identical to that of
wild type cells.  However, there is a sustained
period of peak growth from day 8 up to day 10,
followed by a substantially reduced rate of cell
death compared to wild type and prolonged
survival up to 3 weeks. This suggests that one of
the functions that DRG1 provides in Leishmania
may be contributing to enhanced cell survival. We
are currently examining the mechanisms by which
DRG1 inf luences surv ival  and the l inkage
between enhanced survival and loss of virulence.
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2. Quantitative Real Time PCR Assay for Establishing Leishmania Load
in Samples

Brajesh Kumar Singh, Nitin Tupperwar, Vidhi Puri, Krishna
Priya, Mala Upadhyay, Tushar Vaidya

A continuing programme; Ref: CCMB Annual Report for

2006-07, pages, 166-167

I. Background and work done earlier:

We have developed a quantitative real time PCR
assay to establish Leishmania cell numbers in
samples, using a highly conserved gene gp63 as
target.  Using SyBr Green as a detector for
Quantitative Real Time PCR, we established protocols
that can detect, in a linear manner, between 1 ng and
10 femtograms of Leishmania donovani genomic
DNA.  Using a single combination of primers, we are
able to detect and quantify diverse Leishmania
species causing different spectra of disease.

We have exploited the sensitivity of our assay to
examine the course of Leishmaniasis in a particularly
challenging scenario: infection of CBA/CaJ mice,
known to be resistant to L. major (this work is in
collaboration with Dr Satyajit Rath, NII, New Delhi).
Our data provides evidence that, upon footpad
inoculation with L. major parasites, there is systemic
spread of the pathogen including the draining lymph
node and spleen.  Over the course of the infection,
the parasite load in each of these tissues undergoes
dynamic changes. However, an overt lesion is
detectable only in the footpad suggesting that the final
disease manifestation depends on a dynamic
interaction between the parasite and the host immune
system that is tissue- and time-dependent.

II. Work done during the year:

CBA/J and CBA/CaJ are two closely related mouse
strains that exhibit distinct susceptibility to cutaneous
Leishmaniasis. CBA/J mice are susceptible to L. major
infection while CBA/CaJ mice are resistant. Upon
footpad infection, CBA/J mice manifest a progressively
increasing lesion over a period of 13 weeks. CBA/
CaJ mice on the other hand have very limited lesion

size that stays unchanged or resolves over this same
period of time.  When we used our QRT-PCR assay
to quantitate the parasite load in footpad tissue, we
observed that in the resistant CBA/CaJ mice, the
parasite load paralleled the lesion size: low and
unchanging over the period of infection. The sensitive
CBA/J mice, on the hand, had several hundred-fold
higher parasite load up to week 5 (as compared to
CBA/CAJ). Subsequently, by week 9, even in the
susceptible CBA/J mice, the parasite load essentially
reduced to that in the CBA/CaJ mice and then both
strains continued to harbor comparable levels of
parasite.  Thus, in resistant mice, the parasite load
parallels the lesion development pattern and is low
through out the infection. But in the susceptible mice,
there is no correlation between the parasite load and
the size of the lesion; well after the parasite load has
been reduced, the lesions continue to grow. This
indicates that in the CBA/J mice, the susceptibility (as
measured by lesion size) is actually a manifestation
of an altered immune response albeit induced by
Leishmania infection.

In order to understand this altered immune response
in CBA/J mice, we have begun examining the cytokine
expression patterns within the lesions of these
differentially susceptible mouse strains.  We are using
QRT PCR to compare the level of expression of about
96 genes known to be characteristic of particular Th1-
Th2-Th3 responses. At week 5, there is at least a 500-
fold difference in parasite load between the two strains.
In the lesions of the resistant mice, we have observed
a tremendous increase in expression of genes such
as IFNg, IL15, ICOS, IL13ra1 and GATA3 with a
concomitant decrease in expression of genes such as
IL2ra, Il27, GM-Csf, Il4 and CD27.  Experiments are in
progress to monitor gene expression levels at other
time points in the infection so that we may be able to
correlate the dynamics of cytokine changes to changes
in the parasite load in the milieu of the lesion itself.
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3. Analysis of Immunological Memory in B-lymphocytes

Tushar Vaidya (In collaboration with Dr Anna George, NII,
New Delhi)

A new programme

I. Background and importance:

B-lymphocytes constitute an important aspect of our
immune system by virtue of their ability to produce
highly specific antibodies in response to foreign
antigens and pathogens. When naïve B-lymphocytes
encounter the particular antigen that they are
responsive to, they differentiate into two types of cells:
antibody-secreting plasma cells and long-lived memory
cells. While the plasma B cells are responsible for the
rapid resolution of a current infection or immune
challenge, the memory B cells are responsible for
mounting a rapid response to subsequent exposures.
Previous work had demonstrated that treatment of mice
with a single dose of anti-CD40 at the time of
immunization lead to improved secondary responses.

II.  Work done during the year:

We are currently studying the molecular mechanisms
underlying the generation of memory B cells, using
CD40 ligation as an induction signal.  One approach
we have taken is Microarray analyses of genome wide
gene expression patterns in naïve B-lymphocytes in

the presence of anti-CD40. Using a 29K gene array,

we have identified at least 8000 genes whose

expression is modulated at least 1.5 fold after 24, 48

or 72 hours of treatment with anti-CD40. The genes

fall into various categories including cytokines,

chemokines, chromatin-modifying factors, cell surface

receptors, MHC molecules, cell growth regulators and

transcription factors. We are currently analyzing this

list of genes to establish interactions and networks,

which will help identify key events in memory B cell

generation.

The second approach we have taken is to study the

expression pattern of candidate genes, following

CD40 ligation, by real-time RT-PCR. Thus far, we have

selected 30 candidate genes, based on their

occurrence in our microarray analyses as well as

evidence in literature, of their potential to contribute

to modulation of immune responses. Our experiments

have identified 6 of these genes to be upregulated

upon CD40 ligation as opposed to 14 genes that are

repressed. The distribution of these gene expression

patterns is consistent with the ligation of CD40 leading

to a suppression of a plasma cell phenotype and the

concomitant enhancement of B cell memory.
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1. Conservation of Endangered Animals

S Shivaji

S D Sontakke, G Umapathy, Sambasiva Rao,
K Ramachandra Rao, Anuradha Reddy, K Srinivasu,
Manoj S Pati l ,  S Bhushan, M Thomas Kiran,
Md. Wasimuddin, Shaik Hussain, S Shivaji

A continuing programme; Ref: CCMB Annual Report for
2006-07, pages, 176-177

I. Background and work done earlier:

The main objectives of LaCONES are to develop
assisted reproduction techniques to improve the fertility
status of endangered animals and to evaluate the
genetic status of the animals, which is important for
the conservation of endangered species. In our earlier
studies, we developed techniques for collection of
semen from the mega cats, ungulates and some birds
of India, developed techniques for cryopreservation of
semen and artificial insemination, studied estrus
behavior and fecal steroid profiles in the Asiatic lion
(Panthera leo persica), developed species-specific
microsatellite markers for establishing the level of
genetic polymorphism in the big cats, ungulates, etc.
and also developed techniques for wildlife forensics.

II. Work done during the year:

1. Ultrasonographic characterization of ovarian
follicular dynamics in the endangered black
buck

A sound knowledge of the reproductive cycle, patterns
of ovarian follicular development, and ovulation
detection are essential for synchronization of estrus
with the timing of insemination. Ultrasonography is
probably the only non-invasive technique available to
monitor ovarian follicular development and ovulation.
We characterized the estrus cycle and studied ovarian
follicular development in the black buck. The mean
length of oestrous in the black buck was 14.4 ± 1.3
days, having two distinct follicular waves of 7.13 and
7.75 days, respectively. Each wave was characterized
by the development of a single dominant follicle along

with a few small follicles. The mean diameter of the
dominant and preovulatory follicle was 0.56 ± 0.1 cm
(Fig.1) and the dominant follicle of second wave was
observed to be the ovulatory follicle. Based on this
study, we could achieve successful artificial
insemination in the black buck.

2. Birth of a live Black buck fawn following
synchronization of oestrus and artificial
insemination

Oestrus was synchronized in seven female black
bucks using PGF

2á
 which was injected intramuscularly.

Ovarian follicular development was monitored by
transrectal ultrasonography prior to the nonsurgical
insemination of the females. A specially designed
insemination catheter was inserted through the cervix
and guided with an endoscope equipped with a light
source to locate the cervical os, after which freshly
collected electroejaculated semen containing
approximately 250-300 spermatozoa were deposited
across the os. Five out of the seven inseminated
females conceived as detected by ultrasonography

Fig.1:  Ultrasonographic detection of preovulatory follicle
(arrow) in black buck.
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at 50-65 days of gestation. One female delivered a
live and healthy female fawn named “Blacky” on
August 23, 2007 (Fig.2).

3. Fecal steroid analysis to monitor
reproductive function in endangered animals

For successful captive breeding of endangered
animals, a basic understanding of the reproductive
potential (fertility status, time of ovulation, optimal time
for mating, pregnancy, time of spermatogenesis, etc.)
is necessary. Reproductive potential can be monitored
based on the hormonal profile of the blood. But,
repeated blood sampling is not advisable due to stress
caused by anesthesia. Therefore, non-invasive fecal
hormone analysis is used as an alternative method.
Studies using injection of radio-labeled steroid
hormones have indicated the excretion of steroid
hormones varies considerably among species, as well
as between steroids within the same species. Different
species can differ in the metabolism of hormones and
thus may excrete different metabolites of the same
parent compound. Identification of metabolites of
particular parent hormone is very important before
developing antibodies for non-invasive methods.

For this purpose, more than 5500 fecal samples of
Asiatic lions, tigers, leopards, elephants, thamin deers,
chousingha, spotted deers, black bucks, mouse deers
and lion-tailed macaques have been collected. HPLC
analysis revealed that the major fecal estrogen
metabolite of lion, tiger and leopard was estradiol–3
sulphate, whereas in spotted deer, thamin deer, black

Fig.2:  Black buck fawn “Blacky” born following successful
artificial insemination.

buck and lion-tailed macaque, estrone glucuronide
was the major metabolite and in chousingha and
mouse deer, estrone sulphate was the major estrogen
metabolite. GC-MS analysis showed that 5-β-
pregnan-3 β -0α-diol and 5-α pregnan 3 α ol-20-one
were the major progesterone metabolites in lion, tiger
and leopard. Pregnanediol (5-β-pregnan-3α-20α-diol)
and 5-β-pregnane-3-20-dione were the major
progesterone metabolites in spotted deer and
mouse deer, respectively.

Polyclonal antibodies against 17-beta estradiol,
4-pregnane 3-20-dione, testosterone and 5-alpha
pregnane 3 alpha-ol-20-one were generated in
rabbits and purified using affinity chromatography.
The antibody could be used at a dilution of  1:1600
and the sensitivity of the assay was high enough
to detect steroid hormones in fecal samples.

4. Status and distribution of vultures in Andhra
Pradesh.

The population of vultures in India has declined
catastrophically due to various reasons including the
use of the veterinary anti-inflammatory drug diclofenac,
non-availability of food and habitat loss. As part of the
conservation efforts in South India, an extensive survey
was undertaken to identify surviving wild population of
vultures in Andhra Pradesh so as to bring them into
captivity for intensive breeding. Survey of vultures was
carried out in Andhra Pradesh including all the major
cities, wildlife sanctuaries, National parks, Srisailam
Tiger reserve and reserve forests area, between
January and December 2007, using the road transects
survey method. A total of 20 individuals of white-backed
vultures, long-billed vultures and Egyptian vultures
were sighted in the forest areas. No nesting activity
was observed. Decline in cattle carcass may be the
major reason for the decline of vulture population in
Andhra Pradesh since most of the livestock is now
being sent to slaughter houses. To save these
populations from local extinction we suggest that the
forest department to provide meat at regular intervals
to the vultures by creating a feeding facility at Srisailam
Tiger Reserve and Utnoor, Adilabad district.
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5. Impact of habitat fragmentation on
reproductive and genetic variation in lion-
tailed macaque in rain forest of Western Ghats

The lion-tailed macaque is a highly endangered
primate, endemic to the tropical rain forests of the
Western Ghats. The wild population is about 4000
animals, out of which, about 40% occur in highly
fragmented and isolated habitat patches, each
patch having less than 50 animals. Studies in the
last ten years have indicated that fragmented
populations exhibit low birth rate and low
immature survival. This decline is partly explained
by ecological factors such as food availability.
Therefore, the goal of this study was to assess
the impact of habitat fragmentation on two other
factors, which influence the survival of small

populations such as demographic stochasticity and
genetics. The specific objectives are to assess: (a)
the impact of altered adult sex ratios on reproduction
and (b) the extent of loss of genetic variability and
genetic divergence among populations isolated in
forest fragments.

Field studies were initiated to collect reproductive
behaviour data and fecal samples from 10 rain forest
fragments, which vary with respect to   time of isolation
and demographical data. A total of 147 fecal samples
from 16 groups were collected for reproductive and
genetic monitoring. Fecal steroid extraction
procedures have been standardised for monitoring
reproductive phase of lion-tailed macaques. Studies
are in progress to standardize microsatellite markers
for detailed genetic variation.

2. Phylogenetic Studies in Indian Deer Species
Ajay Gaur, Kalyan Kumar Reddy, G Sapna, S Shivaji,
Lalji Singh

A continuing programme; Ref: CCMB Annual Report for
2006-07, Pages, 178-179.

I. Background and importance:

Of the 40 deer species in the world, nine occur in
India. Most of these species are listed as vulnerable
or threatened and also in schedule I-III under Wildlife
Protection Act of India (1972). For conservation of
these species information of the categories of
systematics (species, subspecies, genera, family etc)
also provide a basis for legislative protection. Several
publications indicate the need for a revision of the
genus and subgenus taxonomy of deers. The present
work has been initiated to study phylogenetics of
Indian deer species.

II. Work done during the year:

The Indian mouse deer (Tragulus memmina, Familly:
Tragulidae) has existed for more than 25 million years.
However it has not evolved much as compared to other
extant deer species. Therefore, it is known as a ‘living
fossil’. The anatomy and morphology of this species
has been extensively studied, but information related
to its phylogenetics and evolution are still lacking.

The topology of three neighbour joining phylogenetic
trees was similar as far as the positioning of Indian
mouse deer (Tragulus memmina) is concerned (Fig.1).
All the trees constructed using cytochrome b, 16S and
12S DNA sequences showed clear distinction
between Tragulina and Pecora. It also shows that
tragulidae diverged first with respect to all other
ruminant families. The family Tragulidae is clearly
distinct from the other deer families namely Cervidae,
Antilopinae, Moschidae and Muntiacae. This supports
the earlier morpho-paleontological studies conducted
in the order Ruminantia.

Fig.1: An unrooted neighbour-joining tree of cytochrome
b sequences of different deer species constructed using
Kimura-2 parameter and bootstrap values (>50%).

Lalji Singh
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There were remarkable differences between Indian
mouse deer (Tragulus memmina) and T. napu and
T. javanicus, indicating that it is a genetically distinct

species. There is still a great need for extensive
research to study the molecular evolution of the Indian
mouse deer.

3. Wildlife Forensics
Ajay Gaur, A Sreenivas, Chandrashekhar Singh, Surabhi
Parashar, S Shivaji, Lalji Singh

A continuing programme;  Ref: CCMB Annual Report for
2006-07, page, 179.

I. Background and importance:

LaCONES provide wildlife forensic services to the
nation for the purpose of investigating wildlife related
crimes. A pair of ‘Universal Primers’ developed at
the CCMB (Verma and Singh, MEN 2001 & US/PCT
Patent No.7141364) is being used for PCR-based
species identification from large varieties of biological
specimens such as meat, cooked meat, skin, horn,
bones, tusk, hair, nails, snake poison, scales, faeces
(Fig.1), etc., seized and forwarded by forest
departments and the judiciary.

II. Work done during the year:

During the year (April 2007 – March 2008), a total of
60 wildlife crime cases (Total 103 samples)

Fig.1: Different types of biological specimen received for species identification in cases related to wildlife crimes

were received for the identification of animal

species. Out of these, 53 cases were successfully

completed for DNA analysis. Efforts were also

aimed at standardizing the use of mitochondrial

COI (Cytochrome c Oxidase I) gene for

species identification. COI gene has served as

the core of a global bio-identification system for

animals. The COI primers used in this study

amplified a comparatively longer segment

of DNA (i.e., 660 bp), which gave more accurate

information about the samples. The study

clearly showed that COI gene also can be

successfully used to establish identity of

unknown forensic samples and can also be

used as a universal marker in conjunction with

the Cyt b ‘Universal Primers’, for a large number of

species to generate species-specific molecular

signatures.
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4. Phylogenetic Studies on Indian Scletranian Corals

S Senthil Kumar, Ajay Gaur, S Shivaji

A new programme

I. Background and importance:

The stony coral contribute largely in formation of some
of the richest, most beautiful, colourful and complex
ecosystems on the planet, the coral reefs which also
serve as breeding areas for a large number of fish,
some of which are commercially important. True stony
corals belong to order Scleractenia of Phylum Cnidaria.
The diversity and taxonomy of genus Acropora has
been investigated extensively using morphological
characters and fossil records. However, this approach
has proved insufficient, because of several complex
ecological and life-history traits of this genus. Keeping
this is in mind, an attempt was made to study the
phylogenetic relationships of Indian Scleratenians
using mitochondrial DNA (mtDNA) sequences.

II. Work done during the year:

Phylogenetic relationships within and among three

genera of family Acroporidae, namely, Acropora,

Montipora and Asteopora were examined with

special emphasis on Indian populations. Analyses

using mtDNA sequences highlight the usefulness

of a molecular approach for examining

the phylogenetics of corals. Phylogenetic analysis

of sequences of mtDNA cytochrome b gene

(690 bp) based on various algorithms, including

neighbour joining, maximum parsimony, maximum

likelihood and minimum evolution along with

network analysis clearly separated the genera

Acropora, Montipora, and Astreopora into

3 clades (Fig.1). The phylogenetic trees also

established the monophyly of family Acroporidae.

Fig.1: A neighbour-joining tree of cytochrome b sequences of different scletranian coral species of family Acroporidae constructed
using Kimura-2 parameter and bootstrap values (>50%). Psammocora contigua was used as an out-group.
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MEDICAL
BIOTECHNOLOGY

(CCMB ANNEXE-2)

III.C





Medical Biotechnology
(up coming)

to house the Clinical Research Facility (CRF) for Stem
Cells and Regenerative Medicine and the other for
the accommodation of National Biosafety Level 4
Containment Facility (NBCF), were laid on November
3, 2007 by Shri Kapil Sibal, the Hon’ble Union Minister
for Science & Technology and Earth Sciences, New
Delhi. The Department of Science and Technology
(DST), Government of India and the Council for
Scientific and Industrial Research (CSIR), of which
CCMB is a constituent, have jointly funded for both
these facilities.

Establishment of best-in-class Medical Biotechnology
Centre is enshrined as one of the objectives for which
CCMB was set up. Towards this end, CCMB has
embarked upon initiatives that include the
commencement of construction of two world-class
Medical Biotechnology facilities in the CCMB Annexe
II campus, located on a 5-acre plot in the Uppal
Industrial Development Area off the Taranaka-Uppal
Main Road in Uppal. The Andhra Pradesh State
Government allotted this land to CCMB in April 2003.
The foundation stones for the two new buildings, one

A. Clinical Research Facility

One of the two upcoming buildings houses the
Phase I of the Clinical Research Facility (CRF)
for Stem Cells and Regenerative Medicine. The
Nizam’s Institute for Medical Sciences (NIMS),
Panjagutta, Hyderabad is the co-progenitor of this

project. This facility is intended to foster basic
research in the areas of stem cells and tissue
engineering with a focus on development of
customized applications for treatment of specific
human diseases. Construction work is in progress.

The Clinical Research Facility under construction.

Medical Biotechnology
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B. National Biosafety Level 4 Containment Facility

The other building is home for the National
Biosafety Level 4 Containment Facility (NBCF)
for Human Infectious Diseases. This facility will be
moulded into a state-of-the-art laboratory
for conducting basic research in the area of
highly infectious microorganisms that can
endanger the health of human beings left vulnerable
with no cure insight as of now. The basic research

done at this facility is targeted for the development of
new diagnostic techniques and therapies for these
diseases. This facility will also actively supplement the
efforts of the State and Central Government agencies
in handling the sudden outbreaks of deadly infectious
diseases that can cause wide spread morbidity and
mortality in human populations in different parts of
the country.

Scientific objectives of this facility

• (Work on these objectives will be taken up mainly after the facility has become operational although
preliminary work on them is in progress),

• To do high quality basic and translational R & D work on highly pathogenic infectious organisms that cause
human disease,

• To set up interactions with the pharmaceutical/biotech industry and other research organizations with the
aim to develop therapeutic agents such as vaccines, drugs and biologicals against these organisms, and

• To carry out training programmes and provide leadership in increasing awareness about biosafety and
biosecurity issues among the scientific community and in the public.

National Biosafety Level 4 Containment Facility
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Patents - 2007-2008

PATENTS during 2007-2008

Filed in India

1. Jinka Rajeswari, Gopal Pande (2007) A cell
model system to study multistage cancer.

Filed in Abroad

1. Ravi Sirdeshmukh, et al., (2007) Auto antibodies
for protein antigens as markers for cancer of
gingivo-buccal complex.

2. C S Sundaram,  Ravi Sirdeshmukh, et al.,
(2007) Markers for transformed epithelium
and potential targets for therapy of cancer of the
gingivo-buccal complex.

Patents granted

China, Australia and US

Sunil Kumar Verma and Lalji Singh. Universal primers
to establish the identity of animal parts and products

Indonesia

Yashitola Jamir and Ramesh V Sonti. DNA markers
for assessing seed purity and method of using DNA
sequences for assessing seed purity.

N M Rao and Priyamvada Acharya (2007) Stable
gene variants of lipases. US Patent granted
No.7303904.
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III.2. PhD AND OTHER PROGRAMMES

PhD and Other Programmes

A. PhD Programme
CCMB imparts training to doctoral students in an academic programme linked with Jawaharlal Nehru University
(JNU), New Delhi. During the year, the list of students who have successfully completed their viva-voce and
subsequently awarded PhD degree is given below:

1. Ms Rama Haritha, Determinants of Nucleosome
Positioning, Jawaharlal Nehru University (JNU),
New Delhi, April 12, 2007.

Guide: Dr Purnima Bhargava

2. Mr Prabhu Patil, Comparative studies on a
variable gene cluster in xanthomonad pathogens
of rice, JNU, New Delhi, April 26, 2007.

Guide: Dr Ramesh V Sonti

3. Mr Chowdary Tirumala Kumar, Structural and
functional studies on the mammalian heat shock
protein Hsp22, JNU, New Delhi, May 23, 2007.

Guide: Dr Ch Mohan Rao

4. Mr Raman Agrawal, Expression analysis of
SOX9 and search for sex-specific genes in
developing gonads of Crocodylus palustris: a
species with TSD, JNU, New Delhi, June 14, 2007.

Guide: Dr Ramesh K Aggarwal

5. Mr E Rajakumara, Exploring the structural basis
of thermostability in Bacillus subtilis lipase, JNU,
New Delhi, June 15, 2007.

Guide: Dr R Sankaranarayanan

6. Mr Rajyaguru I Purusharth, Characterization of
the RNA degrading machinery (Degradosome)
from the Antarctic psychrotrophic bacterium
Pseudomonas syringae, JNU, New Delhi, June 18, 2007.

Guide: Dr Malay K Ray

7. Mr Vivek Kumar, Hamster sperm capacitation:
Involvement of pyruvate dehydrogenase A2,
JNU, New Delhi, June 22, 2007.

Guide: Dr S Shivaji

8. Mr Ganesh B Bagler, Modelling protein contact
networks, JNU, New Delhi, June 27, 2007.

Guide: Dr Somdatta Sinha

9. Ms Meenal Vyas, Duplications and gene silencing
in Neurospora, JNU, New Delhi, July 6, 2007.

Guide: Dr D P Kasbekar

10. Ms O Satyalakshmi, Altering affinities by
directed evolution: Study on lac repressor, JNU,
New Delhi, July 23, 2007.

Guide: Dr N Madhusudhana Rao

11. Ms A N Suhasini, Studies on onconase-A
cytotoxic and antiviral ribonuclease, JNU, New
Delhi, August 2, 2007.

Guide: Dr Ravi Sirdeshmukh

12. Mr S Nishant Jain, Mechanism of regulation of
human caspase-1 – Gee transcription, JNU, New
Delhi. August 8, 2007.

Guide: Dr Ghanshym Swaup

13. Mr Hendre Prasad Suresh, Development of
coffee specific microsatellite markers and
construction of molecular framework lineage
map of robusta coffee, Coffea canephora, JNU,
New Delhi, September 3, 2007.

Guide: Dr Ramesh K Aggarwal

14. Ms V Geetha, Curcumin induced differentiation
in embryonal carcinoma cells, JNU, New Delhi,
September 17, 2007.

Guide: Dr Usha K Srinivas

15. Ms Kalpana Makhijani, Genomic approaches to
identify targets of homeotic gene control in
Drosophila, JNU, New Delhi, September 22, 2007.

Guide: Dr L S Shashidhara

16. Mr Rajesh Kumar Gupta, Differentiation of
mouse embryonal carcinoma cells and functional
genomics of C1/Scotin, JNU, New Delhi, October
15, 2007.

Guide: Dr Ghanshyam Swarup
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17. Mr M K Jobby, Structure, stability and calcium-
binding properties of Betagamma-crystallins and
their microbial homologues, JNU, New Delhi,
November 5, 2007.

Guide: Dr Yogendra Sharma

18. Ms Sindhu Subramaniam, Expression profiling
in reversibly arrested myoblasts: A framework
for understanding satellite cell quiescence, JNU,
New Delhi, November 19, 2007.

Guide: Dr Jyotsna Dhawan

19. Mr Anupam Paliwal, Studies on hormonally
regulated secretory proteins of hamster lacrimal
gland, JNU, New Delhi, February 1, 2008.

Guide: Dr Prabir K De

20. Mr T Venkata Reddy, Analysis of meiotic
chromosome organization in Arabidopsis:
Studies on the DUET, DYAD and AtMAD2 genes,
JNU, New Delhi, February 12, 2008.

Guide: Dr Imran Siddiqi

21. Ms Anshu Bhardwaj, Theoretical analysis and
prediction of single nucleotide polymorphisms
as diagnostic markers, JNU, New Delhi,
February 21, 2008.
Guide: Dr Shrish Tiwari

22. Mr Ajit K Satapathy, Physiological and
biochemical basis of RecD requirement during
growth of the Antarctic psychrotrophic bacterium
Pseudomonas syringae at low temperature,
JNU, New Delhi, February 26, 2008.

Guide: Dr Malay K Ray

23. Mr O G Ramprasad, Studies on the role of
membrane lipids in the regulation of cell adhesion,
shape and motility, JNU, New Delhi, March 4, 2008.

Guide: Dr Gopal Pande

24. Mr V V Suryanarayana, Molecular status of
detoxification genes and functional proteomics
in recurrent early pregnancy loss, JNU, New
Delhi, March 5, 2008.

Guide: Dr Lalji Singh

25. Ms Preeti Paliwal, Role of Src family kinase, Hck,
in the regulation of p73, a homolog of tumour
suppressor p53, JNU, New Delhi, March 11, 2008.

Guide: Dr Ghanshyam Swarup

26. Ms B Jyotsna, Genetic studies of wild
populations of tiger Panthera tigris tigris, JNU,
New Delhi, March 25, 2008.

Guide: Dr Lalji Singh

B. Summer Training Programme: May-July, 2007
The Annual Summer Training Programme was conducted during May-July, 2007. During the year, 70 M.Sc
(I year) students were chosen on the basis of merit all over the country for hands-on research training. The
students spent about 8-10 weeks of orientation in various laboratories. On successful completion of their
training, they were awarded certificates.
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III.3 RESEARCH FACILITIES

Research Facilities

CCMB has a number of facility groups consisting of
scientists and technical staff for providing invaluable
support to various ongoing research programmes
with expertise in specific techniques in biology and
biochemistry. The scientists of the group themselves
got involved in research areas that are of important
to CCMB. They also cater to the needs of the other

scientific staff in CCMB. In addition, these groups
extend help to other institutions (either to individual
scientists or in the form of courses conducted at the
CCMB), from time to time. Occasionally, a small fee
is charged to cover operational costs for services
rendered such as DNA synthesis, protein
sequencing, etc.

Advanced Microscopy and Imaging Facility

(Nandini Rangaraj, K Nagamalleshwar Rao, N R
Chakravarthi, V K Sarma, V Sekar Ramachandran, Lalji
Singh)

The advancement in technology and software has
spearheaded the Centre to establish the country’s first
facility for Advanced Microscopy and Imaging Facility.
This facility has been equipped with latest and state
of art advanced Microscopes like TIRF, APOTOME,

Confocal, Multiphoton, etc., for different applications
in biology Recently CCMB has procured Advanced
Confocal Laser Scanning Microscope (CLSM)
Systems, a Multiphoton Confocal Microscope System
and a Live Cell Confocal System for real time imaging.
This new facility will help examine specimens at very
high resolution and to monitor molecular interactions
in living cells.

Confocal Microscopes (LSM 510META, TCS SP5 AOBS, TCS SP5 Dichroic)

This facility uses inverted microscopes with various
objectives (10x, 20x, 40x, 63x, 63xW, 100x) and
receives illumination from various laser lines
(405,458,477,488,514,532, 543,561 and 633nm).
Confocal microscope scans specimens in the XY plane
at Z increments of 0.4 µm which allows data collection
in 3-Dimensions. The users are provided with additional
computers and suitable software for data analysis while
the main systems are being used for data acquisition.

The systems are provided with facilities for the
following applications:

• Scanning and analysis of single and multi
labeled samples combined with DIC: This
generates a series of optical sections and helps
in quantitation of parameters such as
fluorescence intensity, area and number of
particles within the cell. It allows estimating
extent of Colocalisation for dual-labeled
specimens. Tile scans along the Z can be
performed for very large specimens.

• Reconstruction: This facilitates combining a

series of optical sections into 2-D or 3-D images

and generating movies.

• Kinetic Analysis:  Fluorescence changes can be

measured over time. Changes in calcium,

peroxides, membrane potential, etc., in live cells

can be monitored.

• Ratio Analysis: Ratiometric fluorescence values

and changes in calcium, pH can be monitored

over time.

• Fluorescence Recovery after Photo bleaching

(FRAP): It is based upon the recovery of

fluorescence within a localized area following the

photochemical destruction of fluorophores in that

area.  FRAP enables us to monitor the lateral

diffusion of fluorescently labeled molecules in

or on a single cell.
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• Spectral Analysis: This analysis is based on
recording the spectra of the constituent dyes
using the Spectral Detector and can be used for
separation of dyes having large emission overlap
such as GFP and FITC or to detect auto
fluorescence.

• Fluorescence Correlation Spectroscopy (FCS):
This uses the transient fluorescence of
mobile molecules passing through a confocal
volume called fluorescence fluctuations to
quantitatively analyze molecular mobilities and
concentrations.

Fluorescent probes, which can be used

Antibody FITC, TRITC, Phycoerythrin, Rhodamine, Cy3, Cy5 conjugates, Alexa dyes

Nucleic acids Ethidium bromide, Propidium iodide, Acridine orange, Topro and others

Lipids NBD-PC (FRAP)

Calcium, pH BCECF, SNARF, Fluo-3, Calcein

Others Green fluorescent protein (GFP) and its variants and many other dyes

The researchers in CCMB have been using this facility
for a variety of applications.  In addition, scientists
from other institutions including MSSRF Chennai,
Dentists and Scientists from our sister laboratories
such as IICT have used this facility.

Multiphoton confocal microscopy system model:
LSM510META NLO

This facility has the IR-laser (Chameleon Ultra II), which
allows greater penetration with minimal photobleaching.

It is being used for the localization/colocalisation of
proteins and genes of interest expressed in relatively
thicker specimens such as embryoid bodies, drosophila
embryos/imaginal discs, tumors in mice, which require
deep penetration. It is also used for exciting UV based
fluorphores such as DAPI, pyrene etc in cells. The
system is also used to perform FRAP (Fluorescence
Recovery after Photobleaching) as it has the basic
software for analysis. It has the Non-descanned
detectors (NDD), which has the ability to efficiently

Annual Report 2007-2008 193



collect fluorescence from specimens that scatter light
strongly such as brain sections. Optical imaging in
whole animals can be performed since this gives
maximal tissue penetration. It can be used for calcium
imaging, to study gene expression, angiogenesis and
for imaging in developmental biology. Excitation
fingerprinting is an additional advantage of this system.

The system works on Multiphoton excitation principle,
where two low energy photons are used to excite the
fluorochrome instead of a single high energy photon,
this reduces the photo bleaching of sample and it also
helps in avoiding usage of pinhole by concentrating
the excitation field to a limited volume. The system
consists of Coherent Chameleon Ultra II femto second
Pulsed laser (tuning range from 690nm to 1064nm,
power 3W), Carl Zeiss Axio Observer Z1 inverted
Motorised Microscope with 10x, 20x, 40x, 63x and
100x objectives, DIC attachment, XY scanning stage
with Piezo Z insert, LSM 510 META NLO Confocal
Laser scan head including visible lasers for 458nm,
477nm, 488nm, 514 nm, 561nm, 594nm and 633nm
excitation, NDD Detectors, Newport active
antivibration table etc.

Live Cell Laser Scan Confocal Microscopy System
for real time imaging model: LSM5Live

The LSM5Live is a highly sophisticated and latest
technology Confocal microscopy system designed for
scanning at high speed for observing fast dynamic
processes. This system provides for maintaining
samples at temperatures ranging from ambient to 40C
with CO2 supply. This has been used for monitoring
vesicular transport in live cells, which help to
understand molecular interactions under diseased
and normal conditions, and cell division has been
monitored   for 24hrs in live drosophila samples during
pupal stages. It can also be used for calcium imaging
and photo activation.

This is a line scan based system with maximum speed
of 120 Frames per second at 512x512 resolution. It
uses an achrogate beam splitter technology for
directing the laser lines towards specimen and
emission light towards CCD detectors. The system

uses two line CCD detectors for acquisition. The
system also has a large incubator with CO2 and
temperature control for time lapse imaging
applications. It has capability to simultaneously acquire
DAPI and Vis wavelength range fluorochromes.

The system consists of AxioObserver Z1 fully
motorized and computer controlled Inverted
Fluorescence Research Microscope with 5x, 10x, 20x,
40x, 63x and 100x Plan apochromat objectives,
scanning stage, piezo Z stage insert, Fluorescence
attachment, DIC attachment, Large incubation system
for live cell imaging, Line scan dual channel confocal
module including lasers 405nm, 488nm, 532nm and
632nm for excitation, FRET, FRAP, Multiple time
series, Physiology etc…

Bitplane Software for image analysis

This facility also has the high–end 64 bit Imaris
software from Bitplane, on two high-end Dell 64 bit
workstations. The software allows one to do 3-D
volume or mixed model rendering of the optical
sections acquired from the different Confocal
microscopes and can generate movies. It can perform
3D measurements and track particles over time.

Apart from above confocal microscopes the facility
also has the following Advanced Microscopes

1. Universal research microscope model
Axioplan 2 imaging with film and digital
cameras: This is an excellent manual microscope
suitable for Fluorescence, Bright field, Phase,
DIC, dark field applications. The AxioVision
software for capturing images with CCD camera
has a number of facilities like capturing images
both in black & white and colour, image export
or import, enhancement, annotations, archiving,
Multi channel, Time lapse imaging, interactive
measurement etc.

2. Apotome Fluorescence Imaging system with
fully motorized Axioimager.Z1 Microscope
and monochrome digital camera: This is a
highly sophisticated and motorized fluorescence
microscope with DIC attachment. The system is
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used to observe the biological specimens with
fluorescence technique and acquire Z sections
at high resolution. The system works on
structured illumination principle to get high
quality images and is capable of acquiring
images on both bright field and fluorescence. The
optical tomography technique uses optical grid
for structured illumination. The excitation of the
specimen is through the grid and emission signal
is detected by monochrome CCD camera.  This
system acquires image by taking three images
at different grid positions and finally gives a high-
resolution image after processing. The system
also acquires images with different combinations
automatically by shifting filter blocks, z step etc.

3. Fluorescence Stereo Microscope with 3D
system and colour CCD camera: The system
has MZ16 Stereo Microscope with fluorescence
attachment, two colour CCD cameras and
special 3D monitor on which images of specimen
can be seen in 3D. This system is very useful for
screening, acquiring fluorescence images
(GFP,DAPI,CY3) of big specimens like
drosophila, zebra fish, etc.

4. Total Internal Reflection Fluorescence
Microscopy System: This is a highly

sophisticated and integrated modular system,
which is capable of observing the biological
specimens with fluorescence technique at a
depth limited to 200nm with high resolution. The
system is used for imaging protein aggregations
on cell surface or to monitor any interactions at
cell surface barrier with high resolution. The TIRF
system consists of Axiovert 200 high end
fluorescence inverted microscope with Axiocam
HRm digital CCD camera, Ar Ion laser with
458nm,488nm,514nm laser lines,  TIRF slider
with inbuilt prism, Axiovision software etc.

5. Live cell imaging system: This system is
capable of acquiring images of live cells
(fluorescence and bright field) in petri dishes
with dif ferent marking posit ions and
automatically captures images of live cells over
a period of time with programmed intervals. It
also has temperature controller, mini CO2
incubator to keep the cells in live conditions
for long periods. The system has been used
for Mult i  channel, Time-lapse imaging,
interactive measurement using 35mm petri
dishes, 96 well plates etc. The system consists
of Axiovert 200 Motorised microscope, long
working distance objectives, motorized stage,
Axiocam HRc camera, axiovision software etc.

Atomic Force Microscope Facility

(Shashi Singh, K Nagamalleswar Rao, N Ravindra
Chakravati, V K Sarma, V Sekar Ramachandran, Lalji
Singh)

An Atomic Force Microscope (AFM) facility with
BIOSCOPE from M/s Vecco, USA has been installed
two years ago. It provides topographic imaging in three
dimensions at a very high resolution. Images are
obtained by almost feeling the surface using very small
nanoscale probes or tips, mounted on Cantilevers.
AFM can measure small deflections of the cantilever
at pico-meter resolution when the cantilever tip is
brought very close to the surface. Imaging is based
on the deflections of the cantilever and the feed back

loop, which keeps the deflection constant (Z). Thus

AFMs measure the Z very accurately. AFM can

measure the elasticity, softness or hardness of the

samples as well. The tips of cantilevers can be

modified and used for other imaging options, like

magnetic imaging, differences in electric potential, by

making the tips bioactive, their chemical nature, ligand

receptor interaction, etc., also can be studied and

forces involved in the interaction of these molecules

can also be monitored.

Currently, this facility is catering to the needs of the

following projects in CCMB: Studies on amyloid fibrils,
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Nuclear Magnetic Resonance Micro-imaging and Spectroscopy Facility

(K S Varadarajan, Anant B Patel, Y S S V Prasad, G G

Kingi, V Sekar Ramachandran, Lalji Singh)

To advance in the areas of Biomedical and
Pharmaceutical research, a state-of-the-art Wide Bore
600 MHz (14T) NMR Micro-imaging and
Spectroscopy facility has been installed. The FTNMR
Spectrometer Model AV600 AVANCE 600MHz with
Ultrashield Magnet was procured from M/s. Bruker,
Switzerland. It has the unique capability for
investigating the biological systems, non-invasively.
It is equipped with high-resolution triple resonance
probes for investigation of biomolecular systems in
solution, and mini and micro imaging probes to study
various diseases in rats, mice and drosophila models
in vivo. The facility will help in understanding the
development of organs in knock out and transgenic
animal models and various diseases at anatomical,

molecular and metabolic level in non-invasive manner.

MRI and NMR spectroscopic methods are being

optimized to acquire MRI images and NMR spectra

from different organs (brain, liver, heart) in mice in

vivo. These optimized methods allow acquiring 20-30

MRI images in short time. Localized in vivo NMR

spectrum was successfully recorded from a voxal size

of 2x2x3 mm3 in mice brain. CCMB scientists are using

the current setup of NMR Micro-imaging and in vivo

Spectroscopy to identify subtle changes in brain

atrophy, and quantify cerebral metabolites level, and

TCA cycle and neurotransmitter cycle fluxes by

excitatory and inhibitory neurons in normal and

Alzheimer’s mice. The outcome of this study is

expected to throw light on marker(s) for the diagnosis

of Alzheimer’s and targets for development of drug(s)

for the treatment of the disease.

Facility For Cryo-transmission Electron Microscopy and Scanning Electron
Microscopy

(R Kumaresan, Shashi Singh, B Venkata Narayana,

R E C Johnson, V Sekar Ramachandran, Lalji Singh)

Electron microscopes are instruments for high
resolution and high magnification imaging. Cryo
electron microscopy is a technique in which
macromolecular complexes are plunge frozen and
imaged. The images are analyzed using various
software programs to obtain high resolution, i.e., a few
angstroms resolution information in three dimensions.
This facilitates to trace almost all the molecules in a
3D space. Since the samples are plunge frozen they
are imaged near to native state. During the year, the
Transmission Electron Microscope, Model JEM-2100
from M/s. Jeol, Japan commissioned along with the

Cryo accessories for Ultra Structural studies.  This has
a plunge freezer along with cryo transfer holder to
image specimens in frozen state and also fitted with a
Gatan 2Kx2K CCD camera for acquiring high-
resolution images. Studies on mitochondrial
myopathies; amyloid studies; protein molecules; tumor
analysis were undertaken using this facility.

Scanning electron micrscope (SEM) from Hitachi is a
variable pressure microscope. So far it has been used
for scanning samples, which do not require any
preprocessing. This system is being used to study plant
and Drosophila samples and after getting the sputter
coater the SEM is widely being used for any kind of
work requiring detailed topography and morphology.

amyloid membrane interaction, Mussel derived

peptide imaging and force curves and Peptide
bacteria interactions, Mutant bacteria, Adhesion
forces in mutant Xoo bacteria and bacterial film

formation, and modification of AFM tips; Phospholipid
membranes, DNA protein interaction and
nanotechnological studies. Studies on collagen
were also undertaken.
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Spectroscopy I & II Facilities

membranes. The facilities are equipped with a
Fluorescence Lifetime measurement system with time
resolved Spectroscopy capabilities Model 5000U (M/
s.Horiba Jobin Yvon, USA), a dual monochromator
Fluorescence Spectrophotometer Model 3-22 (M/s.
Horiba Jobin Yvon, USA), Circular Dichroism
Spectropolarimeter Model J715 (M/s. Jasco, Japan),
a Dynamic Light Scattering system (M/s. PhotoCor
Instruments, USA), other routinely used UV-Visible
Spectrophotometers and an Iso-thermal Titration
Calorimetry system Model VP-ITC (M/s. MicroCal,
USA)  for the characterization of bio-molecular
interactions. The Beta counter system Model TriCarb
2900TR (M/s. Perkin Elmer, USA) and the Gas
Chromatograph Mass Spectrometer System Model
5973 (M/s. Agilent Technologies, USA) installed at the
Spectroscopy facilities provide versatility and are
useful to the various research programmes of the
CCMB During the year a CD Spectropolarimeter
Model J815 (M/s. Jasco, Japan) and
Chemiluminescence imaging system (M/s. Vilber
Lourmat, France) were added to this facility.

The Sequenom MASS ARRAY system from M/s.
Sequenom, USA has been installed and it is a high
performance DNA analysis platform for efficiently and
precisely measuring the amount of genetic target
material and variations therein (SNP). MIDI Microbial
Identification system from M/s Agilent Technologies
(Model 6850 Gas Chromatograph) has been added
with MIDI software and is used for the data analysis
and has libraries for Aerobe, bacteria, yeast, etc., for
carrying out a library search and identifying the
microbes. These two systems were installed in this
facility due to space constraints in other labs.

(Lora Narayana, I Asha Ramesh, P Vanaja, J D Fernandes,
U S T R B Bapi Raju, G G Kingi, V Sekar Ramachandran,
Lalji Singh)

Investigation in biology is tantamount to estimation of
biological molecules in cells and tissues. Optical
properties (behavior of matter upon interacting with
light) of molecules are extensively used to estimate
hormones, proteins, DNA, etc., in cells. A variety of
spectrophotometers are procured to study optical
properties of biological molecules. The newly created
centralized facility of Spectroscopy I & II at the CCMB
houses all such instruments that permit
comprehensive analysis of molecules in cells.

Fluorescence spectroscopy would greatly help in
studying the organization and dynamics of biological
assemblies such as proteins and membranes and in
monitoring protein folding and interactions. The
wavelength-selective fluorescence approach
would help in detailed study of natural membranes,
membrane proteins such as the ion channel gramicidin
and the hemolytic peptide melittin and cholesterol.

High throughput quantification equipment including
“Micro Plate Reader” allows hundreds of
measurements simultaneously. Temperature control
spectrophotometers and a Differential Scanning
Colorimetry (DSC) system from MicroCal, USA to
measure heat capacity are for obtaining information
on composition of DNA and proteins. The uniqueness
of the Spectroscopy facility at the CCMB is to have
state-of-the-art instruments at one centralized point
for all spectroscopic investigations of Biomolecules.

The Spectroscopy I & II facilities house a number of
Steady State Fluorescence spectrophotometers for
studying the organization dynamics of proteins and
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Ancient DNA Facility

(V Sekar Ramachandran, Thangaraj, Lalji Singh)

The state-of-the-art ‘Ancient DNA’ laboratory created
at the CCMB, Hyderabad jointly by Department of
Biotechnology (DBT) and Council of Scientific and
Industrial Research (CSIR) is a step towards
strengthening this important branch of science.

Presently the laboratory is the first of its kind in the
subcontinent and pursuing projects actively in

collaboration with reputed Archaeologists
and Palaeontologists. The laboratory is specially
designed with rooms graded positive  pressure
created through highly filtered air, an exclusive
water purification system, and UV  irradiation
to maintain it free of contamination. The
molecular analysis is set up to very high
sensitivities and is achieved by sophisticated
equipment.

X-Ray Crystallography Facility

(Biswajit Pal, R Sankarnarayanan, B Venkata Narayana, R

E C Johnson, V Sekar Ramachandran, Lalji Singh)

The facility consists of a state-of-the-art X-ray
crystallographic set up for macromolecular structure
determination and SGI Fuel workstations for
molecular modeling. The major components of the X-
ray setup are a rotating anode X-ray generator
(Rigaku-MSC-RUH3R model), an imaging plate
detector with osmic optics (X-ray research, Mar345-
desk top beam line), cryocooler (Oxford cryosystems
700 series) and a chiller for the X-ray machine
(Haskris Co.). The rotating anode generator (Rigaku-
RuH3R model) is used to generate high power X-rays
for analyzing macromolecular crystals. The X-rays are
focused on the crystal sample using Osmic optics and
the diffraction data are collected using a Mar345-dtb

image plate detector. An Oxford cryosystems
instrument (700 series) is being used to flash freeze
crystals at 100K.

The underlying principle of the function of a
macromolecule is its structure or in other words
structure dictates function. The facility is being used
for determining the 3-dimensional structure of
biological macromolecules like proteins, DNA, RNA
and their complexes at atomic resolution, which gives
valuable insights into their function. The facility has
been used for collecting X-ray data on several crystals
from Bacillus subtilis Lipases, Mycobacterium
tuberculosis proteins involved in complex lipid
synthesis and the editing domain of an archaeal tRNA
synthetase.  The structural results have been
presented in the main report.

High Throughput (HT) Crystallization Facility

(Biswajit Pal, U S T R B Bapi Raju, Sudatt T Tambe, R

Sankaranarayanan, V Sekar Ramachandran, Lalji Singh)

A major bottleneck in macromolecular crystallography
is the crystallization step and in post genomic era,
structural genomics programs are mostly dependent
on automated methods for crystallization. Current
technologies use nanoliter size drops combined with
smaller but denser plates that can be used for
performing 288 crystallization experiments. These
plates are designed for sitting drop vapor diffusion

method, and are well suited for parallelization through
multi-needle dispensing robots as well as imaging.

A full fledged state of the art HT crystallization facility
has been installed in CCMB. This consists of three
main components. Alchemist for liquid handling, hydra
II-eDrop for crystallization drop set up and Minstrel III
along with two incubators for storage of plates and
imaging. Alchemist (Rigaku) can dispense 10 ml to
10 ml in different types of plates or tubes (e.g. 96 well
deep well blocks, crystallization trays or 15 ml tubes).
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It uses patented bird feeder technology using
disposable, multiuse syringes to dispense up to 70
different stock solutions. It can prepare a deep well
plate containing complicated crystallization solutions
in about 1 hour. Hydra-eDrop (Matrix Technologies) is
composed of 96 channels that can dispense 100 nl to
100ml solutions in different plate wells and subwells.
eDrop uses patented EMB technology to dispense 100
nl to 100ml protein solution on different subwells. This
combined system can prepare a crystallization plate
with three subwells in less than 5 minutes and the
protein requirement is less than 40 ml for 288 drops.

Two Roboincubators (Robodesign / Rigaku), one kept
at 4oC and another at 20oC, can hold approximately
500 barcoded crystallization plates each. Minstrel III
(Rigaku), connected to the incubators via a robotic
arm, can image (5 mega pixel resolution) a 96 wells
plate through a scheduling procedure in about 4
minutes without manual intervention. Roboincubator
/ Minstrel III and alchemist are connected through
CrystalTrack software for viewing and scoring at the
facility or at a remote location. The facility is operational
and is being used for several structural biology projects
that are being carried out at CCMB.

Proteomics Facility

software. In addition it has access to CD/ORD
spectrophotometer.

The facility offers services to biotech industries for
in-depth characterization of protein and peptide
therapeutics, useful for QC and/or regulatory purposes.

The services being offered include, Purity testing,
Determination of host cell contaminants, N-
terminalsequencing of peptides and proteins by
Edman sequencing, Determination of intact protein
mass  by mass spectrometry , peptide finger print of
proteins, internal sequences of proteins (ESI MS),
Analysis of protein modifications such as PEGylations,
glycosylations, Mapping of Disulfide bonds, CD
spectroscopy

Several Biotech Industries have used these services
for a range of recombinant protein products. The work
is usually carried out by interactive approach and the
analyses are useful for QC purpose or process
improvements and for regulatory purpose.

During the year, the facility organized, (a) DEMO
Workshop for INSA Refresher Course participants,
(b) Training Course on iTRAQ Technology for
quantitative LC MS, for investigators from national
labs, and (c) Conference on Current Trends in
Proteomics and Brain Storming Session on Plasma
Proteomics, attended by international experts and
proteomics investigators from India.

(Ravi Sirdeshmukh, C S Sundaram, V Dhople, Ch V B
Swamy Y S S V Prasad, G G Kingi, V Sekar Ramachandran,
Lalji Singh)

Proteomics is a technology for the simultaneous study
of a large number of cellular proteins and their
identification in a given physiological state. Because
protein patterns of tissues can correlate with
physiological states like normal and disease states,
this technology can help in a better understanding of
the diseases in molecular terms. The state-of-the-art
Proteomics facility was set up by the CCMB in 2001,
for a national level network project on identification of
markers and drug targets for cancer, under NMITLI
(the New Millennium Indian Technology Leadership
Initiative) Program of the CSIR. Since then it has
grown significantly both in infrastructure as well as in
activities spanning research and services. Its research
programme includes large scale protein expression
profiling in the context of health and disease such as
cancer, asthma; toxicity conditions; development and
differentiation of stem cells, etc. The group is engaged
in many in-house and interlab collaborative research
projects, network programmes and services to Bio
Tech Industry and educational activities.

The infrastructure of the facility includes different kinds
of electrophoretic and HPLC equipments, Edman
sequencer, high resolution and high sensitivity mass
spectrometers, imaging systems, and analysis
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DNA Microarray Facility
(M B Madhavi, P Ramesh, K Paithankar, Asha Ramesh, J
Dhawan, Sekar Ramachandran, Lalji Singh)

The Microarray Facility is equipped to handle both
major types of array technology platforms (spotted
cDNA arrays as well as Affymetrix oligonucleotide
arrays) for genome-wide gene expression profiling.
In addition to analysis of commercially available chips,
CCMB has on-site capabilities for production of in-
house spotted chips-these include 15,000 Drosophila
primer pairs from Incyte Genomics for amplification
of fly genes, 15,000 mouse clones from the National
Institute of Aging, NIH, and 19,000 unique human
clones from Incyte Genomics.

Over the past year, the following activities were carried
out using high-density arrays:

• Arrays with 19K human clones were used for
analysis of pancreatic gene expression by Dr.
Chandak’s group.

• Affymetrix human arrays were used for
transcirpional profiling of disease samples by Dr.
Chandak’s group.

• Affymetrix rat arrays were used for transcriptional
profiling by Dr. Gopal Pande’s group

• Mouse 15K cDNA arrays were used for analysis
of gene expression in muscle cells by Dr.
Dhawan’s group and Dr. Veena Parnaiks group.

• High-density oligonucleotide arrays (27K,
Operon) were used for the analysis of immune
cell lineage regulation by Dr. Vaidya’s group.

• High-density Affymetrix oligonucleotide arrays
were used for analysis of the rice transcriptome
by Dr. Sonti’s group.

• Training in analysis of microarray data was
provided to scientists from other CSIR
laboratories, institutes and universities.

Automated DNA Sequencing Facility

(K Thangaraj, N Nagesh, I Asha Ramesh, V Sekar

Ramachandran, Lalji Singh)

This state-of-the-art facility has two automated
capillary array based DNA Sequencers Model 3730
from M/s Applied Biosystems, USA for analyzing
fluorescently labeled DNA Molecules. During the year,
the facility was updated with another DNA Sequencer
Model 3730xl for High throughput applications.

The systems are capable of sequencing 96/48 samples
simultaneously, using 96/48 capillary arrays. Both
Sequencing and genotyping can be carried out on the
same capillary arrays. All the models have an Argon
ion laser excitation source, a CCD camera for detection
of five fluorescent dyes simultaneously. Samples from
96/384 well plates are automatically loaded onto an
array of 96/48 capillaries using robotics. More than 2300
sequencing samples can be processed in 24 hours with
an average read length of 700 bases. The throughput
for fragment analysis applications is roughly 38,000

genotypes per day.  The different sizes of capillary arrays
i.e. 36 & 50 cm provides read lengths ranging from 500
bp to 800 bp. The integrated built in Auto sampler,
sample plate stacker and bar code reader provides full
automation and easy sample tracking. Features like in
capillary detection, dual side illumination and backside
thinned CCD provides uniform signal and high optical
sensitivity resulting in accurate cost effective analysis
of DNA fragments. Software like Sequence analysis,
Genotyper, SeqScape, Auto Assembler etc are also
available in this facility.

This facility also has a number of IBM and Macintosh
computers networked together for downstream data
analysis. Licensed versions of all the software are
available on these systems and networked to the
control computers for data download and analysis.

DNA Sequencing: Clones and PCR products can be
sequenced using Fluorescently-labeled Dye
terminator cycle sequencing kits. Point mutation / base

200



substitution, heterozygote and heteroplasmy (in case
of mtDNA) can be detected by these systems using
the supporting software. The sequencing facility has
rendered a major contribution to some of the important
projects concerning human genetic diversity, plants,
animals, microorganisms, genetic disorders, etc.

GeneScan analysis: Upto 16 PCR (STR) products
can be analysed in a single capillary provided one of
the PCR primer pairs are labeled with the fluorescent
dyes. GeneScan analysis provides immense help
in various disciplines, such as (a) Forensic medicine:

Individual identification using STRs (b) Wildlife
Forensic (c) Population studies: Study of genetic
variability within and between populations using
STRs (d) Medical applications: Identification of the
repeat length of genetic disorders associated with
trinucleotide repeat expansion (e) Development of
DNA markers, particularly STRs for plants and
animals (f) Amplified Fragment Length Polymorphism
(AFLP): Used extensively for genetic mapping and
characterization in plants and animals using
fluorescent labeled primers.

Automated Karyotyping Facility

(Lakshmi Rao, Sekar Ramachandran, Lalji Singh)

The state-of-the-art facility offers cytogenetic tests
such as Karyotyping (conventional techniques) and
FISH (fluorescence in situ hybridization which includes
probes using WCP and LSI, mFISH, mBAND, SKY),
which involves investigation of genetic defects at the
chromosome level. The facility is equipped with
Integrated Automated Karyotyping systems
‘Cytovision’ from M/s Applied Imaging, ‘Ikaros and Isis-
Metasystems’ from M/s Zeiss and SKY from M/s
Applied Spectral Imaging. The systems are attached
with Zeiss microscopes and the software pertaining

has applications linked to other karyotyping
workstations.

With the help of these systems, the CCMB offers a
comprehensive diagnosis of genetic diseases
(cytogenetic and molecular), prenatal diagnosis for
detection of chromosomal abnormalities. From the
date of its installation till date; chromosome analysis
was done for 5000 cases approximately referred from
various clinics within and outside Hyderabad. The data
acquired is of immense help in the counseling and
management of individuals affected with
chromosomal abnormalities.

Fluorescence Activated Cell Sorting (FACS) Facility

(P Kavin Kennady, Gopal Pande, K Nagamalleshwar Rao,
N Ravindra Chakravarthi, V K Sharma, V Sekar
Ramachandran, Lalji Singh)

CCMB has had a flow cytometry facility for the past 16

years. It was the first of its kind to be set up in India and

ever since, it has been used for a number of applications

in basic and clinical research. Council of Scientific and

Industrial Research (CSIR), Department of Science

and Technology (DST) and Department of

Biotechnology (DBT) modernized the facility under a

joint programme in 2002. The new facility comprises of

two flow cytometers – a high-speed cell sorter (FACS

Vantage) and a 5-parameter cell analyzer

(FACSCalibur). Some of the applications for which this

facility is being used are chromosome sorting,

preparation of painting probes, new drug discovery

research, apoptosis and cell death studies, cell cycle

analysis, developmental biology of Dictyostelium

discoideum, and immunophenotyping of human

peripheral blood cells. This facility also has an important

role in HIV surveillance and AIDS monitoring studies

in the Indian population. This facility is being used for

collaborative work and as a service provider by many

academic and industrial institutions across the country.
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It has organised four National Workshops on Flow

Cytometry and 2nd Indo-US Workshop on Flow

Cytometry and imparted training to more than 100
participants from different parts of India.

An important addition to this facility is the MoFlo
(Modular Flow) High Speed Flow Cytometer from M/
s. Dako, Denmark for stem cell sorting with a UV laser
under sterile conditions.

National Facility For Transgenic and Gene Knock-out Mice

(Satish Kumar, Jerald Mahesh Kumar, Jomini Liza Alex, D
Partha Sarathi, B Jyothi Lakshmi, S Purnima Sailasree, J
Jose and others)

The National Facility for Transgenic and Gene Knock-
out Mice at the CCMB was set up with the following
objectives:

• Procurement and maintenance of transgenic
and knock-out animal models of human
diseases, where such animals are available
elsewhere without restriction, and provide facility
and expertise to use the same in drug screening.

• Breeding of currently available transgenic and
gene knockout mice models.

• Development of transgenic and gene knock-out
technologies

• Development of new transgenic and gene knock-
out models of human diseases.

This facility has provision for mouse embryonic stem

cell culture, manipulation of embryos, cryopreservation,

animal surgery and recovery. The facility also has a

dedicated molecular biology laboratory for analysis of

transgenic and knockout mice and for the genetic

monitoring of the various mice strains. Gene targeting

into mouse embryonic stem cells, pronuclear and

blastocyst microinjection followed by embryo transfer

is a routine at the facility. These technologies are being

used in our research programmes. Currently, the

breeding of the chimeras obtained from various

targeted cells as well as the breeding and maintenance

of kappa-casein and wdr13 knock-out mice produced

in the facility are being carried out.
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Four mouse Embryonic Stem (ES) cell lines were
derived using blastocysts from different mice strains
such as F1 (129Sv X C57BL), 129Sv and C57BL.
Karyotyping for these lines showed acrocentric
chromosomes with normal chromosome number in
80-90 % of the fields counted. The confirmation of
two ES cell lines as male and the other two as female
lines was done by Southern analysis. Characterization
of these lines is in progress and aggregation
experiments are in progress to generate chimeras
to establish the germ line competency of these ES
cell  lines. Fig.1: Chromosome spread of the ES cell line BL2

Cell Culture Facility
(J Dhawan, A Mubarak Ali, Ch Varalakshmi, B V V
Pardhasaradhi and others)

The main objectives of the Cell Culture facility are:

(a) to provide cell lines to various scientific
groups in the CCMB,

(b) to train the CCMB staff and researchers
from other organizations in cell culture
techniques, either individually or by informal
training courses, and

(c) to provide cell lines and expertise to
scientific organizations in the country.

The facility is well-equipped with laminar flow hoods,
CO2 incubators, inverted microscopes, programmable
freezers, liquid nitrogen storage facility, a cell fusion
apparatus and a micromanipulator.  The staff is well
trained in maintenance of cell lines, organ and primary

cultures, suspension cultures, cell fusion, DNA
transfection, hybridoma technology and
cryopreservation of cells.

Almost 300 different cell lines are at present
being maintained in the facility.  Some of the
beneficiaries of this facility are: Osmania University, L
V Prasad Eye Institute, National Institute of
Nutrition, Centre for DNA Fingerprinting and
Diagnostics, Virchow Biotech Pvt. Ltd., University
of Hyderabad and Dr Reddy’s Labs in Hyderabad;
and Indian Institute of Technology, Kharagpur,
IISc., Bangalore, Madurai Kamaraj University,
Madurai, IICB, Calcutta, JNU and AIIMS, New Delhi,
NIO, Goa, IMTECH, Chandigarh, RRL, Jammu, RGCB,
Thiruvananthapurum, SGPGI, Lucknow, Vishwabharati
University, Shantiniketan, and CNCI, Kolkata.

(V Krishna Kumari, C Subbalakshmi, R Nagaraj, Venkat
Narayana, R E C Johnson, V Sekar Ramachandran, Lalji
Singh)

The Protein Analysis Facility is equipped with four
Hewlett-Packard, two Pharmacia FPLC units and one
Bio-Rad LC unit. It maintains a good stock of routinely
used chemicals and columns. Only trained members
of the facility operate these instruments. In addition
to providing technical help, the responsibilities of the

operators include general upkeep of the instrument,
maintenance and regeneration of columns, sample
preparation, and maintenance of detailed records
and log books for columns and instruments. Operators
are trained to repair minor problems of the instrument,
while the Instrumentation group of the CCMB
attends to any major problems. A new Protein
Purification system (M/s. Bio-rad, USA) was added
to this facility during the year.

Protein Analysis Facility
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Nucleic Acid Synthesis Facility

(N Nagesh, Venkat Narayana, R E C Johnson, V Sekar

Ramachandran, Lalji Singh)

The main function of this facility is to provide
oligonucleotides for research in molecular biology.
During the year, this facility synthesized 3680
oligonucleotides of various lengths. Oligonucleotides
were synthesized for users in the CCMB as well as
for supply to other institutions.

Oligonucleotides were synthesized using two ABI  394
synthesizers on a solid support, using β-cyanoethyl
phosphoramidite chemistry. After the synthesis, these
oligonucleotides were deprotected by incubating them
in a 25% ammonia solution at 55oC for 16 hrs. The
oligonucleotides were then purified using a spun
column. So far, about 20000 oligonucleotides have
been synthesized here and most of them were 20-30
mers. Few oligos of length 60-96 mers were also
synthesised.

The ABI 394 DNA equipment is a four-column

synthesizer, with auto deprotection facility. The facility

has two ABI 394 DNA synthesizers to perform

oligosynthesis. After the synthesis, the samples

were deprotected outside the instrument,

purified, checked for purity on PAGE and

supplied to the respective users. A High

throughput RNA / DNA Synthesizer Model

MERMADE – 192 (M/s. Bio-Automations, USA) was

added to this facility.

During the year, the institutes that have benefited

from this facility are: Indian Institute of

Immunohaematology, Mumbai; AIIMS, New Delhi;

SGPGIMS, Lucknow; ICRISAT, Hyderabad;

Roorkee University, Roorkee; Madras University,

Chennai; TERI, New Delhi and Central University

and Vijaya Diagnostics, Hyderabad.

Laboratory Animal Facility

(M J Mahesh Kumar, A. Rajasekharan, N Dwarkanath,
J.Jose, B. Jyothi Lakshmi and others)

The Animal House maintains twenty-four strains
of mice, three strains of rats , two strains of
guinea pigs, two strain of hamsters and three
strains of rabbits housed in different rooms
(Table.1). The average number of animals

maintained at a given time in this facility is about

5000. The animal room temperature is maintained

between 19-24°C with relative humidity of

40-70%. A 12 hr light-dark cycle is maintained

with an automatic timer in each room. All the

environmental factors are monitored by a

computerized central monitoring system.

Table 1: Types of Laboratory animals bred and maintained

Mice – In Bred strains FVB/N J; C57 BL/6J; CBA/J; C3H/HeJ; Balb C/J;
Neo r; 129X/SvJ, DBA/ 2 J,DBA/1 J

Mutant Mice We+; RIII; Y Del; C57 BL/6J SXR; YMET, mdx

Out Bred strain CD-1

Rat Wistar Rat;  CFY , Anopthalmic mutant rat

Hamster Syrian ;NIN

Guinea Pig Abyssinian;  N13

Rabbit New Zealand white; Grayish Giant, New Zealand Black;
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The main objective of the Animal House is to supply
defined strain of mice, rats, guinea pigs, hamsters
and rabbits to the scientific community of the Centre.
The propagation of all defined strains is done in two-
tier system, i.e., foundation colony (SPF colony) and
production colony.

Foundation colony consists of genetically defined
breeding pairs obtained from Jackson Laboratory,
USA that are reared in specific pathogen free barrier
facility.  The animals from this colony provide breeding
pair to the production colony.

Systematic breeding techniques and careful
management and husbandry procedures are followed
to ensure the correctness of the pedigree of each
mouse strain.

Routine check for genetic contamination in lab animals
is carried out using nine microsatellite SSLP markers
(D1 Mit 21,D4 Mit 53, D5 Mit 18, D4 Mit 7, D15 Mit 8,
D16 Mit 4, D14 Mit 40, D19 Mit 41 and D2Mit61) and
ten biochemical markers ( Hbb, Car- I, Car- II, Gpi- I,
Est- I, Est- III, Mod- I, Idh- I, Pgm- I and Trf- I ) using
PCR and  enzyme markers analyzed through cellulose
acetate electrophoresis techniques.

Animal House team comprises of 18 staff including
11 qualified animal caretakers, who have undergone
specialized training in breeding and management of
laboratory animals course offered by the Indian
Council of Medical Research at the Laboratory Animal
Information Service Centre, Hyderabad.

Table 2

Species Production Supply

Mice 5600 3418

Rats 5890 5100

Hamster 1342 986

Rabbit 182 168

G.Pig 06 04

Trained veterinarian carries out regular health
monitoring of all animals to ensure that they are free
from contagious diseases. To prevent the transmission
of infection, standard hygienic procedures, i.e., use
of sterilized bedding, autoclaved cages, zero bacteria
drinking water and handling of animals by gloved
hands are followed. Necropsy and autopsy of
suspected contagious /infectious animals are
performed by a veterinarian and prophylactic
measures are implemented.

Regular screening of microorganisms in the SPF and
production colony is carried out by various
microbiological and pathological techniques, viz.,
cultural, differential staining techniques, biochemical
tests and histopathology,

The staffs of Animal facility provide all the professional
and managerial service (super ovulation, plug checking,
vasectomy, pseudo pregnant female preparation) to
generation of transgenic and knockout mice.

Some specialized services rendered to the research
staff of the CCMB are: (a) maintenance of ascitic tumors
in rats and mice (b) Breeding and maintenance of
mutant mice stocks (c) Breeding and maintenance of
transgenic and knock-out mice colony (d) production
of polyclonal antibodies from rodents and rabbits

During the year of 2007 to 2008, 22 projects related
to animal experiments were approved by Institutional
animal ethical committee and also production and
supply of various type of animals were as follows:
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Scid and Nude Mice Facility

(M.J.Mahesh Kumar, Jeddy Jose, Nageswara Rao  and

Gopal Pande)

The facility has the following strains of Immuno
deficient mice.
1. CBySmn.CB17-Prkdc scid/J
2. CByJ.Cg-Foxn1nude / J
3. NIH nude
4. Beige mice (NK cells deficient)

Severe combined immunodeficiency (SCID) mice
have no immunoglobulin in their serum and lymph
node and thymus are abnormally small. They cannot
reject allogenic grafts and produce antibodies to
common laboratory antigens and their spleen cells
do not proliferate in response to T or B cells specific
mitogens. Scid mice represent a potential new model
for engraftment of xenogenic cells and tissues.

Nude homozygous mice are characterized by failure
of hair growth and dysgensis of thymic epithelium.
This type of mice does not reject allografts and often
does not reject xenografts. Nude mice represent a
model for studying the mechanisms of transplantable
human tumor growth and metastasis and immunology,
inflammation and dermatology research.

Scid and nude mice are maintained in Flexi loop
isolators under barrier-protected rooms. These
isolators are imported from Park Bio, USA and are
working under positive and negative pressure with
heap filtration system. The incoming and outgoing air
is filtered through 0.5-micron hepa filters and also the
animals are maintained in the isolators at a
temperature of 19-22 0C with relative humidity of 40 –
70%. A 12-hour light and dark cycle is maintained
with an automatic timer in each barrier room.

Homozygous scid and nude mice readily succumb to
microbial infection because of their lack of immune
system. Hence, to prevent infection we strictly follow

the standard hygienic procedure like proper surface
disinfections while entering and exit from the barrier
rooms, usage of sterilized bedding, double autoclaved
food, autoclaved filter top polypropylene cages,
autoclaved triple distilled water and handling of
animals by gloved hands.
Regular screening of microorganisms is being done
in the animal feed, water, paddy husk, and isolators
with various microbiological techniques such as
culture and sensitivity test, differential staining
technique, bio chemical tests and histopathology.
Regular genetic monitoring of scid mice is being done
by using specific primers with prkdc gene with PCR
amplification followed with enzymatic digestion to
confirm the mutation of Prkdc genes.
All the professional and managerial service related
to animal experimentation supported by our technical
staff.
The following research projects utilize scid and nude
mice facility.

1. Role of integrins in cellular transformation

2. Study the role of Hsp90 and b crystalline in cell
migration / metastasis

3. Establishment of germ line stem cell technology:
an aid to conservation of endangered species

Collaboration Projects with IICT
1. Targeting anticancer gene to breast cancer in

nude mice.
2. In vivo protocol to be used in anti angiogenic

cancer therapy in breast cancer in nude mice

Strains Production Supply

1. CBySmn.CB17-Prkdc scid/J 187 68

2. CByJ.Cg-Foxn1nude / J 18 2

3. NIH nude mice 168 164

4. Beige mice 18 nil
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Pisciculture Laboratory
(K C Majumdar, K Ravinder and others)

Located in an area of 4000 Sqft as a separate
building in the CCMB campus, the facility has
three self-cleaning, recirculating water systems
for intensive fish culture and for other experiments.
A small hatchery with 12 glass jars is also
operational for rearing the fish fry. Besides
pelleted feed making equipment, a full-fledged
micromanipulation facility is also housed in the
laboratory. Technologies developed for utilization in the
commercial aquaculture : (i) highly successful

field-tested, cost-effective feed pellets for fresh water
fish, (ii) quality breeds of fish, (iii) recirculating closed
fish culture system, (iv) breeding/hatching technologies
for Indian catfishes and air breathing fishes, (v) ploidy
manipulation and gynogenesis in catfishes and (vi)
short term storage of spermatozoa in field condition
for induced breeding fresh water fishes. Besides
technologies related to transgenesis including chimeric
gene construct, gene delivery through microinjection
and electroporation and rearing of the manipulated
embryos have been developed recently.
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Instrumentation
(V Sekar Ramachandran, G G Kingi, V K Sarma, R E C

Johnson and others)

CCMB has a strong and highly supportive
Instrumentation group, which takes care of the
installation and maintenance of instruments. All the
repair works are carried out in-house and no
maintenance contracts are given. Maintenance of a
number of Personal computers, peripherals, UPS,
Video projection systems, the centralized Digital
Imaging and reprographic facilities are also taken care
by the group. The group conducts a detailed training
programme on the usage of instruments with safety
instructions for the new research students during
August every year and based on the needs also trains
the other research staff throughout the year. All the
major facilities of CCMB having a number of
sophisticated equipment are managed, maintained
and run without much down-time due to the support
and services provided by the group.

During the year, the Advanced Microscopy and
Imaging facility has been equipped with: a)
Multiphoton Laser Scan Confocal Microscopy Imaging
system Model LSM 510 META NLO (M/s. Carl Zeiss,
Germany) where two low energy photons are used to
excite the fluorochrome instead of a single high energy
photon which helps in reducing photo bleaching of
sample.  The system uses a chameleon ultra II IR
Femto second laser (M/s. Coherent, USA) and is used
for the localization / colocalisation of proteins and
genes which require deep penetration. b) Confocal
Laser Scan Microscope Imaging system with AOBS
Model TCS SP5 (M/s. Leica Germany) uses an
Acousto Optic beam splitter for improving the
transmission efficiency. The system has 405 nm,
488nm, 514nm and other visible laser lines.
Multichannel fluorescence imaging combined with
DIC for low intensity fluorescence samples are some
of the major applications of this system. c) Live Cell
Laser Scan Confocal Microscopy system for Real

III.4. RESEARCH RESOURCES

Time Imaging Model LSM 5 Live (M/s. Carl Zeiss,
Germany) for acquiring complex cellular process with
high speed and for observing dynamic processes. The
system is well designed for applications like   time
lapse imaging with a maximum speed of 120 frames
per sec. and of 512 x 512 resolution. This system has
facility for maintaining samples at temperatures
ranging from ambient to 40oC with CO2 supply.

The Karyotyping facility was upgraded for high
resolution imaging of chromosomes with Model HiSKY
(M/s. Applied Spectral imaging, Israel) which is being
used for applications like G banding, FISH, 24 Multi
colour Karyotyping, for human, mouse and rat. The
technology is based on interferometer with dual mode
optical head, which can switch between interferometer
mode for spectral imaging to a direct view mode for
high resolution cooled CCD imaging (-20oC).

A 3730 XL 96 capillary DNA Sequencing system
(M/s. Applied Biosystems, USA) was added to the
DNA Sequencing facility for catering to the High
throughput needs of various research applications like
studies on Human Genome diversity, mitochondrial
disorders, conservation genetics and human genetic
disorders. Another DNA Sequencing system with 16
capillaries Model 3130 XL (M/s. Applied Biosystems,
USA) was installed for research applications involving
infectious diseases.  A table top Ultracentrifuge Model
TLX 100 from M/s. Beckman, USA has also been an
addition to the infectious diseases research facility.

Other equipment procured during the year include a
CD Spectropolarimeter Model J815 (M/s. Jasco,
Japan), Protein Purification system (M/s. Bio-rad,
USA), High speed floor Model Avanti J-26 XPI
Centrifuge (M/s. Beckman, USA), Chemi-
luminescence imaging system (M/s. Vilber Lourmat,
France), Speed Vac. Concentrators (M/s.
Thermofisher, USA), ESCO Vertical Laminar Flow
Hoods (M/s. ESCO, Singapore), PCR machines

Research Resources
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(Eppendorf, Biorad, Applied Biosystems, ASTEC),
Nano Drop ND 1000 UV-Vis Spectrophotometers
(Nano drop, USA), -86oC and -30oC  Deep Freezers
(M/s. Thermo Forma, USA and Sanyo, Japan),  ECG
and EEG Monitors for animal  research work, PCR
Hoods, (M/s. Bio Aura, Italy),  96/384 Micro plate Elisa
reader (M/s. Thermo Fisher, USA),  refrigerated & non-
refrigerated Centrifuges of various speeds and
capacities. All these equipment were installed, tested
and commissioned for use in record time.

A number of instruments were also procured and
commissioned at the LaCONES (CCMB Annexe. - 1).
Some of these have been Model 3730 48 capillary
DNA Sequencing system for conservation studies of
endangered animals, several PCR machines, a HPLC
system, 96/384 Micro plate ELISA Reader,
Microscopes, Micro Manipulators, Nano Drop ND
1000 UV-VIS Spectrophotometer, Microplate washer
and Liquid Nitrogen containers.

An exclusive 60+60-kVA parallel redundant UPS
system (M/s. D B Electronics, Pune) for the server
room has been installed during the year to ensure
100% uninterrupted power for all Network devices and
Servers.  This has helped in making available the e-
mail and Internet communications always.

In house design, modification and fabrication of
instruments and special efforts to restore instruments
into working condition quickly have been a part of the
Instrumentation group’s activities for years and these
are carried-out whenever required. Some of the
notable achievements during the year have been:  a)
The repair of the probe holding mechanism of the
Atomic force Microscope head by fixing the probe
holder to Piezo scanner and connecting a fine wire to
the bracket of the Z piezo Scanner, assembling and
aligning. b) Procurement of a cheaper and an alternate
source XY display module for the FACS Vantage
system and carrying out necessary modifications for
110 Volts operation, vertical linearity compensation
and intensity calibrations for dual laser adjustments.
c) Repair of the rotary pump of the Voyager MASS

Spectrometer system by incorporation of locally
available parts d) Design of an Audio Video desk at
the Central court of CCMB and e) re-routing of the
entire audio, video and network cables in the Director’s
Committee Room for ease of viewing of Audio-Video
programmes through plasma display, video projection
and video conferencing.  All these efforts have helped
in saving time and funds.

Two of the staff members of the group who had
developed the interface electronics for ISFET Bio-
sensors last year made improvements to the circuit
design during the year and have been a part of the
team along with the CCMB Scientists for publishing a
paper titled “ Enzyme Field effect Transistor (ENFET)
for estimation of triglycerides using Magnetic Nano
particles ” in the Biosensor and Bioelectronics journal.

During the year, technical help was provided to CEERI
– Pilani for testing ISFET sensors and advising on
the selection of miniature components and circuit
design for Biosensors.   The staff of the group also
helped the National Institute of Nutrition, Indian
Institute of Chemical Technology, the JONAKI, the
University of Gulbarga and the CDFD in the use of
equipment at CCMB.  Technical advice was also
provided to many institutions for the procurement of
equipment suited to their research programmes. The
Group’s efforts have also been commendable in the
meticulous planning, preparation of computer
designs, layouts and drawings required for the various
new as well as re-organised facilities in CCMB so that
they could be commissioned expeditiously.
Considerable planning for equipment required, room
layouts, power requirements etc. for Clinical Research
Facility (CRF) has been of importance for the up
coming research programmes.

The Group’s contribution to the various
Symposiums, Workshops, Open days, Hands on
training courses & Instruments exhibitors etc.
were multifarious, the important ones being
the arrangement of special video projection
facilities, live telecasting of the foundation
stone laying ceremony of the NBSL-4 facility
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from the CCMB Annex. – II to the main campus,  e-
mail & web services, CCTV arrangements, screening
of Scientific  films, PA system arrangements, etc.,
contributing to the success of the events.  Several

applications & technical seminars by company
professionals, profiling the features of the new
equipment & products introduced in the market
were also organized during the year.

Fine Biochemicals
[K C Majumdar (Scientist-Coordinator) V V H Prasad,
Kishore Joshi, M C Joseph)]

CCMB maintains and stocks about 6500 biochemicals
for the ongoing research activities of the laboratory.
The facility has a cold room (+4°C), two +4°C freezers,
eight deep freezers (-20°C) and two ultra deep freezers
(-70°C) for storage of chemicals as per the
recommended storage conditions. However, the
chemicals stable at room temperature are kept in a
room (98 sq.mtrs plinth area) where temperature is
maintained at 28°C. The stocks of fine biochemicals
include amino acids, proteins, enzymes, purification
kits and buffer reagents. In addition, stocks of restriction
enzymes, immunology research kits for purification and
detection of recombinant proteins, reagents for protein
electrophoresis, PCR, RTPCR, DNA sequencing and
synthesis and buffers, tissue culture ware, medium and
medium supplements, gel electrophoresis and column
chromatography materials, chemicals related to

proteomics, and microarray analysis are also kept in

the centralized facility. The requirement for these

chemicals is monitored such that procurement is

carried out on a regular basis, so as to maintain a

constant level of supply.

This group also provides product information, reference

catalogues, etc., to the research staff of the CCMB to

facilitate in the procurement process. This group

consolidates the quarterly indents given by the users

for purchase of chemicals through a software program

SPINE (Stores and Purchase Integrated Network

Environment). This software helps in storing information

on chemicals, suppliers and their addresses as well

as web page, e-mail ID, telephone number, Fax number.

Besides, it also gives status of the indents, receipts

and availability of the chemicals in the fine biochemical

store. For running these programmes efficiently the fine

biochemical group has expertise to help the users.

Library
(P Divakar, Nasreen Bano and others)

CCMB shares a well-organized library with the Indian
Institute of Chemical Technology (IICT). The library
has an extensive collection of resource material in
the fields of modern biology, chemistry, chemical
engineering, and related areas, comprising 41,961
books, 58,111 bound volumes of periodicals and
1,85,000 Indian Patent Specifications. Full-text
Indian and American Standards are available on
CD-ROM.  In addition to several volumes of classical
journals dating back to the 19th century, complete
sets of Science Citation Index (from 1945) and
Chemical Abstracts (from 1907) are available. The
library subscribes to 470 print journals and over 1300
titles of online journals. CCMB has access to about
4,000 e-journals. The library has an in-house bindery,

reprographic facility, good Internet connectivity
and a security surveillance system.

The CCMB-IICT library has established contacts
with various national and international
document-delivery centres for meeting the
requirements of the scientists. The documentation
group provides on-line literature searches from
over 800 databases available on hosts like
DIALOG and STN International. The library
continues to provide bibliographic service from
Current Contents (Life Sciences; Physical
Sciences; Engineering editions) and Chemical
Abstracts on CD. Other services provided by the
library include bibliometric analysis of research
papers and arrangements for translation of scientific
literature published in foreign languages.
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Digital Photography and Reprography Facility

(D Ramesh, Prakash, Mohd. Habeeb-Ur-Rehman,
G Giridharan, B Nageswara Rao, Khalid S Siddiqui,
U S T R B Bapi Raju, V K Sarma, V Sekar Ramachandran,
Lalji Singh)

The Digital imaging facility was set up for high
definition, high-resolution colour images which are
essential for publications in international journals.  This
facility has colour laser printers, dye sublimation
printers, digital scanners, automated slide making
system, digital camera and also a colour copier.  Both
IBM and Macintosh computers are connected to the
colour printing devices for ease of use by different
groups.  Facility for storage of data on DVD’s, and
CD’s are also available. Digital camera (Nikon Coolpix
5700) with a 5 Mega Pixel CCD sensor, added to the
facility during the last year has been of value addition
to the various research programmes and events.

All the devices in the facility are networked within the
laboratory for enhancing the speed of operation and
are also connected to the fiber optic network. Scientific
equipment like the Automated DNA Sequencers,
Laser Confocal Microscopes, Fluorescence Activated
Cell Sorters, Mass Spectrometers & Imagers in
Proteomics and the Microarray systems generate data
in full colour which can be presented during Scientific
seminars, lectures and for publications in colour with
high resolution. This facility is also connected to the
Lecture Hall through fibre optic network to facilitate
powerpoint presentations by Scientists. All in-house
colour reproductions required for the abstracts,

posters and other organizational needs of any
symposium or seminar are prepared in the digital
imaging facility. The cover pages for Annual Reports,
and CCMB Work diary are also designed in the Digital
Imaging lab.

Approximately 100 posters were composed at the
Digital Imaging facility for display at the various
symposiums including the Open Day event. Staff of
the facility trained the scientific staff and students
of CCMB in the Digital Imaging techniques.
This facility has continued to be of immense value to
the scientific staff and students for their publication
and presentation needs.

The Photography group provides specialized and
routine photographic services to over two hundred
members of the scientific staff of the CCMB. High
quality reproductions in the form of black and white
prints, colour prints and slides, are supplied for the
purpose of publication, display or projection. The
equipment currently in use includes cameras such
as a 35 mm Leica R5 and a 120 mm Hasselblad. A
wide range of darkroom equipment is available, such
as the Durst 1200 Enlarger (which takes large format
4” x 5”), automatic temperature-controlled colour
paper processors, a Durst Printo system for the
Cibrachrome process and a Bowens Illumitran 3S
slide duplicator with contrast control.

The Reprography of this unit serves the photocopying
needs of the Centre.

Engineering Services

(P J Verguese, M Narayana Rao, G C Thanu, Y V Rama
Rao and others)

CCMB complex has a number of modern facilities
such as vacuum, compressed air and gas on-line,
pretreated water supply, liquid nitrogen, centralized
air-conditioning and provisions for 1500 KVA of
emergency power.  Professional staff in the
Engineering group handles these facilities. The

Laboratory Technical Services group carries out the
general maintenance of the laboratory. The staff of
the workshop fabricated perspex electrophoresis
apparatus, radioisotope shields and other minor
equipment for the scientists.  Direct inputs for research
work in the form of drawings and illustrations were
prepared by the draughtsmen. The engineers in the
Centre also provided services to nearby institutions,
especially for the repair of refrigeration equipment.
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Experimental Farm, Horticulture and Landscaping

(A Veerabhadra Rao, J Narasimha Rao, M Rajendran,
Sudhakar, Mallesh)

The Horticulture group maintains the lush green
surroundings of the CCMB, LaCONES and CCMB
Annexure-2. The newly developed experimental
farm is being maintained by the staff of this group to
meet the requirements of the plant genetic
fingerprinting work. Different varieties of rice (indica,
japonica), maize as well as drought-resistant plants
such as jojoba are being grown on the farm. The Green
House facility developed by this group is fully functional
and used for studies in plant molecular biology.  Plants

such as paddy, mustard and Arabidopsis are being

grown here.  In addition, coffee and mulberry plants

are reared for experimental purposes for the ongoing

programme on coffee germplasm studies.  The fodder

for rabbits kept in the Animal House is grown. Several

medicinal plants are collected and grown in the campus.

The Horticulture group has won prestigious prizes at

the Flower and Horticulture Shows, conducted by the

Horticulture department, Government of Andhra

Pradesh. This group undertakes all pest control

activities in the campus and staff quarters.

Rajbasha Unit
(Manju Singh, Afsar Ahmad, R Chandrasekhar, S V Sarma,
Lalji Singh)

This unit helps the scientists in the Hindi translation
of their papers, articles, reports, etc.  During the year,
this unit arranged various training programmes and
organized events for encouraging use of Hindi in all
official proceedings and in writing research articles
in Hindi for the benefit of the people. Since the last 8

years, with the initiation and guidance of Dr Lalji Singh,
Director, CCMB, this unit has been bringing out a
popular magazine in Hindi named “Jigyasa.” As per
Government of India directives through CSIR, the unit
arranges selection of CCMB staff who have
contributed most to the propagation of Hindi in office
work and cash awards given to the winners in various
categories, every year on Hindi Day Celebrations.
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III.5. BIOINFORMATICS AND INFORMATION TECHNOLOGY AT THE
CCMB

• Analysis of combinations of turns in proteins
• Analysis and detection of beta-propellers in

proteins
• 3-D models of crystallin protein superfamily
• 3-D models of enzymes in MEP pathway
• Analysis of repeats in cell-surface proteins (in

collaboration with UH)
• Models of corynemycolyltransferases (in

collaboration with UH)
• PSSARD: Protein Sequence-Structure Analysis

Relational Database
• Protein Structure Analysis: Analysis of Intra-

Chain Disulphide Bridged Peptides (ICDBP) in
proteins of known three-dimensional structure

• Identification of SNPs and SNP haplotypes
• De novo gene finding
• Identification of potential disease genes in the

human genome and studying their evolutionary
conservation across the genomes of mouse, rat,
chimpanzee and other organisms

• Cross species sequence comparison of Hox
complex in insects

• Quest for the complementary sequence of AZF
on the autosomes and X chromosome using
bioinformatics approach

• Genome–Wide analysis of Bkm sequences
(GATA repeats): Human and Mouse Genome

• CCMB Microarray Clone Information System:
Integrated knowledgebase of human cDNA
clones (New Millennium Indian Technology
Leadership Initiative (NMITLI) Project)

• Proteomics Datamining Module for CCMB
Proteomics (Under the New Millennium Indian
Technology Leadership Initiative (NMITLI)
Project)

• Computational biology approach to study
regulatory interactions, networks and pathways
in the post-genomic era

Web based applications
• Combinations of turns in proteins database
• Beta-propellers database
• Automatic detection of B-propellers in protein

tertiary structure

(K Venkateshwarlu, M Arif, A Balamurugan,  S Mahalingam,
A Padmavathi Devi, Ch. Pratap Kumar,  Dinesh Ambadas
Lingote, Geetha Thanu, Prachi Singh, Manoj Balyan, Shrish
Tiwari, K Guruprasad, V Sekar Ramachandran, Lalji Singh)

Bio-informatics at the CCMB serves as one of the
Distributed Information Centres (DIC) established by
the Department of Biotechnology (DBT). The focus
is in the areas of gene prediction, protein structure-
function prediction, analysis of nucleic acids/proteins
sequences & structures. The other activities include
development of software applications and databases
assisting users from CCMB and others in searching
and retrieval of information from MEDLINE, EMBL,
SWISS-PROT databases, analyzing nucleic acid and
protein sequences using Wisconsin package,
predicting secondary structures of proteins,
molecular simulations and modeling, formatting and
submission of sequences to GenBank for deposition
and bibliographic searches including those related
to patents.

Current activities of the Centre are:
• Development of software applications
• Development of relational databases
• Sequencing Data analysis
• Proteomic Data analysis
• Microarray Data analysis
• Development and maintenance of the CCMB

website
• Participation in national SNP project
• Collaborations
• Conducting Workshops/Conference/Training

Courses
Research and Development:
• Analysis of Amino Acid Periodicities (AAP) in

protein structures.
• Calcium and Zinc-binding in proteins.
• Identifying folds for uncharacterised proteins.
• Testing GeneScan on various genomes
• Analysis of repeats in Y-heterochromatin
• Developing algorithms for identifying diagnostic

SNP markers

Bioinformatics and Information Technology
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• Database of Structural Motifs in Proteins -
(O-DSMP)

• “Microarray clone annotation System” (NMITLI
– Microarray, CCMB).

• “Proteomics Datamining Module for Glioma
Proteomics” (NMITLI-Proteomics, CCMB).

High Performance Computational Server and
Software

High Performance Computational Server Model
HCL Infiniti Global Line 4-way with the following
configurations is available at the central server room
facility.
• Dual Core 64 bit architecture with 4 x 1.5 GHz

CPU’s
• 64 GB DDR2 RAM
• Redhat Enterprise Linux OS
• C, C++, Fortran 77/90 compilers

The following scientific software is installed in this
Server. Few of these have network user licenses for
the scientific staff to access these applications through
the local area network.

1. BLAST (for pair wise alignment & database
search).

2. CLUSTALW (for multiple alignment).
3. T-coffee (for multiple alignment).
4. EMBOSS (suite of sequence analysis programs).
5. Phylip (suite of phylogenetic analysis programs).
6. Repeat Masker (for finding/masking repeats in

genomes).
7. Phrap (alignment and sequence assembly).
8. SIFT (estimation of tolerance of amino acid and

mutation).
9. Polyphen (estimation of damaging potential of

amino acid mutation).
10. Mfold (RNA secondary structure prediction).
11. MEME (motif identification).
12. MIRANDA (miRNA target identification).

Databases available and developed
1. nt, nr, swissprot, PDB, EST, human genome

(chromosome-wise), chimp genome,  mouse
genome etc., for BLAST.

2. PBD structures.

3. Human Genome, Chimp genome, cattle genome.

4. DSSP (Dictionary of Secondary Structure of
Proteins).

5. Non-redundant databases of nucleic acid and
protein sequences and translated protein
sequences.

6. GeneCards.

7. Protein and Molecular Biology Protocols CD’s.

8. “CCMB Microarray clone Anotation Systems”.

9. Proteomics Database and Integrated Data
mining Module for CCMB Glioma Proteomics.

Other Software installed in High End Computers/
Workstations

1. Insight II 2000 - (A graphical Molecular Modeling
package installed on ONYX Workstation).

2. Discovery Studio 1.5 - (Molecular Modeling
package from Accelrys).

3. SPSS 11.0 - (Package used for statistical
analysis).

4. Sigma Plot-(Specifically designed to aid in
documenting and

5. Publishing research with graphical presentation
of results. Also used for data analysis).

6. Reference Manager version.11.0.1 for windows
– (For searching online Databases, Publishing
references on the Internet).

Software for Stores and Purchase Integrated
Network Environment (SPINE)

Fine Biochemical’s requirements of CCMB
are procured using SPINE. This package is
designed to provide facility for Scientists to give e-
requisitions, consolidation of purchase indents
and enquiries to suppliers. This has been in use at
the CCMB for the last few years. The database
is installed on High end Dell Poweredge 2800
Server with Oracle as backend on Windows
2000 Advanced Server. The Application Server of
SPINE is installed on Rack optimized server.
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CCMB Local Area Network

As a part of the CSIR ICT project the following were
graded during this year to improve the performance
of CCMB Local area Network.

CCMB has a Local Area Network (LAN) connecting
all buildings in the campus at 10 Gbps core backbone
speed and switched 1 Gbps to desktops. More than
hundred additional network points have been provided
this year.

The CCMB network has a very good security
infrastructure for the LAN and WAN which are secured
by SonicWall Firewall. This also has content filtering
and IPS (Intrusion prevention system) features.
Centralized gateway-level Antivirus for E-mail, SPAM
prevention and Damage Cleanup Services (Trend
Micro Neat Suite, Enterprise Edition) have been
installed in DELL Server. All known vulnerabilities are
being patched using the available patches from time
to time. Desktop Anti-virus software is installed on all
the networked computers.

The last mile connectivity for the Internet leased line
is connected with optical fiber cable from the nearest
telephone exchange to the CCMB campus to increase
efficiency, minimize breakdowns, packet loss and
latency that is usually the case with copper pairs.
CCMB has 4 Mbps Internet leased bandwidths for
high speed Internet connection. Load balancing is
implemented and bandwidth allocation is done for
Video Conferencing, scientific and other purposes as
and when required. Radware Link-Proof device is
installed to take care of bandwidth management and
load balancing.

Flat network system is removed and VLANs are
implemented to control the network easily. Network
monitoring software is procured and installed in DELL
server to monitor the LAN for its performance and
connectivity problems. DHCP server has been
configured for automatic and dynamic assignment of
IP addresses. Bluecoat Proxy and caching device has
been deployed to enable faster browsing and better
data transfer speeds. This also acts as a reverse proxy.
Optimux (BSNL) has been upgraded from 8 Mbps to
16 Mbps to facilitate up gradation of bandwidth in
future.

Internet Kiosks and wireless access points were
provided during all major seminars, symposiums,
conferences, ADNAT, etc., conducted in CCMB for
enabling the faculty and participants to check e-mails
and Internet browsing. Several wireless Internet
access points have also been provided in the entire
main building of CCMB to facilitate the students and
official guests for accessing Internet from their laptops.
An Internet Kiosk facility is provided in the central area
ground floor of the CCMB main building for the use of
participants of seminars/workshops and other visitors.
Internet connectivity was provided to scientists and
other staff at LaCONES (CCMB Annex. - I) with a 512
Kbps broadband connection from BSNL.

An exclusive 60+60-kVA parallel redundant UPS
system for the server room has been installed to
ensure 100% uninterrupted power for all Network
devices and Servers. Sufficient cooling by means of
a new air-conditioning system has also been
commissioned during the year.

CCMB Website
CCMB Website was developed with the in-house
expertise and web pages are constantly updated.
During the year, the website is migrated to
DELL6950 server. The web solution is deployed
using RHEL Cluster Suite technology on Master &
Slave machines for ensuring all time availability and

also replication of web data being stored on an
external 3TB storage and routed through a
fencing device so as to facilitate the data
read/write on storage box even during the failure
of any one of the primary components such as the
Master or Slave.
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The following pages were included during this year.

• Newly modified publication titles and abstracts
of each group leaders, project leaders and other
individual scientists and also pages displaying
annual awards and honors.

• The dynamic and user interactive pages with
Workshop Participation Registration for “12th

ADNAT, Indo-French Conference and presently
functioning page called “Write to us” have been
some of the special features implemented in our
home page so as to make it more dynamic and
user interactive one.

• “Contact us “page serves as Gateway of CCMB
wherein users across the globe can input their
queries, comments and suggestions in order to
get feedback from CCMB. The received

queries will be directed to concerned scientist
or staff to elicit response based on the nature
of the query.

• Updated information about Scientific Patents
filed by CCMB Scientists in India and Abroad.

• Ongoing Scientific Research Projects funded
by Indian and International Agencies and
information about Foundation Laying Ceremony
of BSL4 Facility. Portals for Symposium on
Bio-Nano Technology & Pharmaceuticals,
Biochemical Roles of Eukaryotic Cell Surface
Macromolecules, Dissecting the Role of Genes
and Environment in Complex Diseases,
Chromosome to Genome, ADNAT Conventions,
Indo-French Conference on RNAi in Genome
Control were included during the year.

CCMB E-Mail Service

The Web Mail (Mithi Connect Server) with multilingual
and word features has been deployed on Red Hat
Enterprise Linux AS 4.0 with AMD 64 bit architecture
processor to enhance the processing speed with
12GB RAM.  The mail servers are configured as
Master-Master setup so that the mail traffic is
distributed between the two servers for load sharing
which is also supported with a redundant disaster
recovery in real time along with an auto fail over. This
machine serves approx. 800 mail users of ccmb.res.in
domain, who can  access their mail box globally.

Load Balancers have been deployed in CCMB
for mailing applications, which distributes the mail
traffic to the mail servers equally to increase
the performance and speed. During this year a high-
end storage device Model EMC NS20 multi-
protocol storage device with 6.5 TB of storage
space is procured and mirroring is implemented
to prevent data loss. This is a NAS cum SAN
box with several features like Celerra Manager
wizards, snapshot integration, automated volume
management etc.
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III.6. ADMINISTRATION AND MANAGEMENT

Administration
(N Prakasam, S V Sarma, D V S Sastry, Parnika Patnaik,
K C Narender, Sudeshna Sanyal and others)

The overall administration of the Centre and the
supervision of ancillary services such as transport
and telecommunications are under the purview of the
Administration. In addition, secretarial assistance is
provided to the staff for the preparation of reports,
manuscripts and correspondence.

Finance And Accounts
(Ch G K Murthy, L Jayaprakash, Phani Rama Rao, V Rajesh
and others)

All financial matters pertaining to the CCMB, including
budget planning and allocation are taken care of by
the Finance and Accounts section.

Management Support Services
(Mercy Joseph, J P Sastry, Y Rama Dasu, B V Ramakrishna)

The primary responsibility of this group is to assist
the Director and act as a liaison between the Director
and the various research groups, CSIR headquarters
and other organisations. The Planning, Monitoring
and Evaluation (PME) unit takes care of various
inhouse, sponsored, collaborative, grant-in-aid,
NMITLI projects. This unit prepares Plan documents
like annual plans, five year plans etc., and support
for the preparation of laboratory budget. Business
Development: Interacts with sponsors in identifying
their needs and generating project proposals and
also participates in Conferences,  Exhibitions to
showcase CCMB technologies. Intellectual Property
Rights: Coordinates in filing and granting of CCMB
Patents with CSIR. Customer Satisfaction
Evaluation: Evaluates the R&D outputs to customers,
by getting feedback on how the technology/process
is useful to them. Interacts with CSE Unit of CSIR
and the sponsoring agencies in this task. Human

Resource: Creates a detailed database of all staff
including students, project assistants, Post Doctoral
Fellows and dissemination of the data.  Organizes
National and International visits of Presidents,
Ministers, Parliamentarians and Science Delegations.
This group coordinates National International
Seminars, Symposia, Workshops, Conferences and
Training Programmes of the CCMB.

The Publications and Public Relations unit handles
annual scientific reports of the laboratory, information
on research output, media-relations, visitor-liaison
services and dissemination of information on the
activities of the Centre.

Stores And Purchase
(N K Singh, M R Devasis, J Aparna and others)

CCMB has a modern stores building with a
cold-storage facility and separate rooms for the
storage of solvents and acids.  The Stores and
Purchase section maintains an exhaustive inventory
of inorganic chemicals, stationery, glassware, plastic
ware and other items. The staff of this section carries
out the processing of orders and the procurement of
materials for the Centre.

Security
(K Vijayasimha Rao, T Narayana Swamy, K Nageshwara
Rao, C V Tirumala Rao and others)

The Security of the CCMB is given out on contract to
a professional security agency, and is supervised by
trained security officers on the staff of the CCMB.

Medical Services
(R Palnitkar, G Sujatha and others)

CCMB shares a well-equipped clinic and dispensary
with the IICT. Medical care is available round the clock
for the staff and their families.

Administration and Management
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IV

GENERAL
INFORMATION

1. Research Council and Management
Council

2. National and International
collaborations & MoUs

3. Visitors to CCMB and Seminars

4. Awards and Honours

5. Participation in International Meetings,
courses and deputations

6. Conferences and Training Courses

7. Popular Scientific and Other Articles
by the Staff

8. Television/Radio Programmes
(scientific) by the Staff

9. Art and Other Events

10. Staff of CCMB (as on 31st March 2008)
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Shri Kapil Sibal, Hon’ble Union Minister for Science & Technology and Environment unveiled the
plaque for the Foundation Stone laid for a new building to house: (Top) The National Biosafety
Level 4 Containment Facility (NBCF) and (Bottom) The Clinical Research Facility (CRF) for
Stem Cells and Regenerative Medicine at the CCMB Annexe-2 premises.
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Visit of the Parliamentary Standing Committee on Science and Technology, Environment
and Forests (Top) to the CCMB, main campus and (Bottom) to the LaCONES of CCMB Annexe.1.
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Visit of European Commission delegation on Food, Agriculture and Biotechnology, UK.

An exchange of MOU between CCMB and M/s Nicholas Piramal India Limited.
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Dr Judith Klumperman, Professor of Cell Biology and Head of the Cell Microscopy Center,
University Medical Center (UMC) Utrecht, Netherlands, releasing CCMB Annual Report
2006-2007, after the Foundation Day Lecture.

Prof Pasqualino Loi, University of Teramo, Italy delivering the first Foundation Day Lecture of
LaCONES (CCMB Annxe 1).
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Prof Barry Marshall, Nobel Laureate, The University of Western Australia, Australia delivering a
popular lecture.

Students in ‘Nectar’ during CCMB Open Day.
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Prof M S Valiathan Chairman
Honorary Advisor
Manipal University
Madhav Nagar
Manipal 576104

Prof N R Jagannathan Member
Prof and Head Department of NMR/MRI facility
All India Institute of Medical Sciences (AIIMS)
Ansari Nagar
New Delhi 110029

Prof K P Gopinathan Member
Department of Microbiology & Cell Biology
Indian Institute of Science (IISc)
Bangalore 560012

Prof Y K Gupta Member
Head, Department of Pharmacology
All India Institute of Medical Sciences (AIIMS)
Ansari Nagar
New Delhi 110029

Shri Somesh Sharma Member
Chief Scientist Officer
M/s Nicholas Piramal India Limited
Nirton Complex, Off Western Express Highway
Near NSE Complex, Goregaon (E)
Mumbai 400063

Dr Girish Sahni Member
Director
Institute of Microbial Technology
Sector-39-A
Chandigarh 160036

IV.1. RESEARCH COUNCIL AND MANAGEMENT COUNCIL

A. Research Council

Research Council of a laboratory under CSIR provides direction and vision and helps it to formulate R & D
programmes keeping in view the National priorities and opportunity niches and facilitates to design a road map
to achieve it.  The following are the constituent members:

Research Council and Management Council

Dr Naresh Kumar Permanent Invitee

Head, RDPD

CSIR

Anusandhan Bhavan

2, Rafi Marg

New Delhi 110 001

Dr Lalji Singh Member

Director

Centre for Cellular & Molecular Biology

Uppal Road, Hyderabad 500007

Dr D P Kasbekar Secretary

Scientist

Centre for Cellular & Molecular Biology

Hyderabad

Member (Agency Representative)

Dr R R Sinha
Adviser

Department of Biotechnology

Block-2, 7th floor

CGO Complex, Lodi Road

New Delhi 110003

DG’S Nominee

Dr Y Singh
Scientist

Institute of Genomic & Integrative Biology

University Campus, Mall Road

Delhi 110007
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B. Management Council

Dr K Guruprasad Member
Scientist
Centre for Cellular & Molecular Biology
Hyderabad

Shri G C Thanu Member
Scientist
Centre for Cellular & Molecular Biology
Hyderabad

Dr (Mrs) Mercy Joseph Member
Scientist & Head, PME group
Centre for Cellular & Molecular Biology
Hyderabad

Shri Ch G K Murty Member
Finance & Accounts Officer
Centre for Cellular and Molecular Biology
Hyderabad 500 007

Controller of Administration Member-Secretary
Centre for Cellular and Molecular Biology
Hyderabad 500 007

Dr Lalji Singh Chairman
Director
Centre for Cellular & Molecular Biology
Uppal Road, Hyderabad 500007

Shri G G Kingi Member
Scientist
Centre for Cellular & Molecular Biology
Hyderabad

Dr Satish Kumar Member
Scientist
Centre for Cellular & Molecular Biology
Hyderabad

Dr L S Shashidhara Member
Scientist
Centre for Cellular & Molecular Biology
Hyderabad
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IV.2. NATIONAL AND INTERNATIONAL COLLABORATIONS & MoUS

A. National collaborations

National and International Collaborations & MoUs

• Central Zoo Authority of India, New Delhi
• The Wildlife Institute, Dehradun
• Department of Biotechnology, New Delhi
• Central Institute for Research on Goats, Mathura
• Central Coffee Research Institute, Chikmagalur
• Department of Forests, Govt. of Andhra Pradesh,

Hyderabad
• Osmania Medical College, Hyderabad
• L V Prasad Eye Institute (LVPEI), Hyderabad
• Nehru Zoological Park, Hyderabad
• Infertility Institute and Research Centre,

Secunderabad
• Directorate of Rice Research Institute, Hyderabad
• Biological E Limited, Hyderabad
• Satyam Computers (P) Ltd, Hyderabad
• Greens India Natural Products Ltd, Mumbai
• PereNea Systems, Secunderabad
• KEMWELL (P) Ltd, Bangalore
• Virchow Biotech (P) Ltd, Hyderabad
• FRONTIER Information Technologies Ltd.,

Secunderabad
• Jawaharlal Nehru University, New Delhi
• Dr Reddy’s Research Foundation, Hyderabad
• National Dairy Development Board, Anand
• Ingenovis, a division of i-labs Limited, Hyderabad
• Department of Tribal Welfare, Govt of Andhra

Pradesh, Hyderabad
• Anthropological Survey of India, Nagpur
• International Institute of Information Technology,

Hyderabad
• King Edward Memorial Hospital, Pune
• Institute of Reproductive Medicine, Kolkata
• Apollo Hospitals Enterprise Limited, Chennai
• Asian Institute of Gastroenterology, Hyderabad
• Department of Endocrinology, Sher-I-Kashmir

Institute of Medical Sciences, Srinagar
• Department of Gastroenterology, Calicut Medical

College, Calicut
• Department of Gastroenterology, S.C.B. Medical

College, Cuttack
• Digestive Disease Center, Jaslok Hospital,

Mumbai
• Garden Reach Hospital, Kolkata
• M V Diabetes Research Centre, Chennai
• Madras Diabetes Research Foundation,

Chennai
• MRC Unit, Holdsworth Memorial Hospital, Mysore
• P D Hinduja National Hospital and Research

Centre, Mumbai
• M/s Unique Biotech Limited, Hyderabad
• M/s Agilent Technologies Pvt. Limited, Bangalore
• M/s Vimta Labs, Hyderabad.

Under the programme of ‘Genetic Diversity in Tribal Populations of India’, CCMB has collaborations
with the following organizations:

• Regional Medical Research Centre, Port Blair,
Andaman & Nicobar Islands

• Barkatullah University, Bhopal
• Sardar Patel University, Vallabh Vidyanagar

• Loyola College, Chennai
• Indian Statistical Institute, Kolkata
• V B S Purvanchal University, Jaunpur and

several other universities

B. International collaborations

• Onconova Therapeutics Inc, USA
• National Institutes of Health, Bethesda, USA
• Institute of Reproductive Medicine, Muenster,

Germany

• Institute for Microbiology and Molecular Biology,
Giessen, Germany

• Institute of Genetics, University of Mainz,
Germany

228



• National Institute of Basic Biology, Okazaki,
Japan

• Department of Pathology and Biology of
Diseases, Kyoto, Japan

• Brain Science Institute, Saitama, Japan
• Hakkaido University, Japan
• University of Oxford, UK
• John Radcliffe Hospital, Oxford, UK
• Institut Curie, Paris, France
• Universite Paris, Laboratoire ARAGO, Banyuls

sur mer, France

• University of California, San Diego, USA
• The Microarray Centre, Toronto, Canada
• Aisin Cosmos R & D Co.Ltd, Japan
• Cardiff University, UK
• Centre for Molecular Genetics, Peninsula

Medical School, Exeter, UK
• Caroline Fall, MRC Environmental Epidemiology

Unit, University of Southampton, UK
• George Davey Smith, Department of Social

Medicine, Bristol, UK
• Claude Ferec, INSERM, Brest, France

C. MoU’s & Agreements for Advisory Consultancy

CCMB has signed the following Memoranda of Understanding (MOU) and Agreements for Advisory Consultancy
with several national and international firms:

� KEMWELL Pvt Ltd, Bangalore
� ICICI Knowledge Park, Hyderabad
� Unique Biotech Limited, Hyderabad
� AISIN COSMOS R&D CoLtd, Japan
� The Microarray Centre, Toronto, Canada
� Incyte Genomics, Inc, CA, USA
� Wildlife Institute of India, Dehradun
� Greens India Natural Products Limited
� SGPG Institute of Medical Sciences, Lucknow
� Onconova Therapeutics Inc. New Jersey
� PereNea Systems, Secunderabad
� Virchow Biotech Private Limited, Hyderabad
� FRONTIER Information Technologies Ltd.,

Secunderabad
� Cardiff University, UK
� National Dairy Development Board, Anand
� Department of Tribal Welfare, Govt. Andhra

Pradesh
� The Third World Academy of Sciences (TWAS),

Trieste, Italy
� Carl Zeiss AG, Germany
� Anthropological Survey of India
� Amrita Institute of Medical Sciences and

Research Centre, Cochin

� International Institute of Information Technology
(IIIT), Hyderabad

� Bioserve Biotechnologies (India) Pvt. Ltd.,
Hyderabad

� Apollo Hospitals Enterprise Limited, Chennai

� Asian Institute of Gastroenterology, Hyderabad

� Department of Endocrinology, Sher-I-Kashmir
Institute of Medical Sciences, Srinagar

� M V Diabetes Research Centre, Chennai

� Madras Diabetes Research Foundation, Chennai

� MRC Unit, Holdsworth Memorial Hospital,
Mysore

� Nizam Institute of Medical Sciences, Hyderabad

� B P Koirala Institute of Health Sciences, Dharan,
Nepal

� Magene Life Sciences (P) Ltd, Hyderabad

� M/s Unique Biotech Limited, Hyderabad

� National Centre for Antarctic and Ocean
Research (NCAOR), Goa

� M/s Agilent Technologies, India Private Limited,
Bangalore.

� M/s Vimta Labs, Hyderabad.

� M/s Vivi Bio Tech Limited, Hyderabad.
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During the year, CCMB has MoUs and Agreements with:

• An agreement signed with M/s Unique Biotech Limited, Hyderabad for consultancy on phylogeny of

bifidobacterium bifridium, etc.

• An agreement signed with M/s Agilent Technologies, India Pvt. Limited, Bangalore to provide expert guidance
on the research activities, train the recruits and develop infrastructure.

• An agreement signed with M/s Vimta Labs, Hyderabad for consultancy work on RNAi based therapy,
molecular diagnostics and drug validation.

• An agreement signed with M/s Vivo Bio Tech Limited, Hyderabad to help in toxicity evaluation of inflammatory
drugs on mice/rats.
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A. Seminars by Visiting Scientists

1. Dr Ram D Sriram, National Institute of
Standards and Technology, USA. Systems
medicine: Integrating genomics, proteomics, and
clinical medicine, April 5, 2007.

2. Prof Madan Mohan Chaturvedi, Department
of Zoology, University of Delhi, Delhi.
Characterization of SWI/SWF like factor and
historne H3-modifying enzyme from chicken
liver, April 12, 2007.

3. Dr Sutirth Dey, Evolutionary and Organismal
Biology Unit, Jawaharlal Nehru Centre for
Advanced Scientific Research, Bangalore.
Metapopulation stability: An experimental and
theoretical investigation, April 18, 2007.

4. Prof K Veluthambi, School of Biotechnology,
Madurai Kamaraj University, Madurai. Transgene
silencing of inverted T-DNA repeats and
suppression of silencing by Mungbean yellow
mosaic virus AC2, April 26, 2007.

5. Dr G Seshukumar, ORAU Fellow, Laboratory
of Bacterial Polysaccharides, Center for
Biologics Evaluation and Research, US Food
and Drug Administration, Bethesda, USA.
Neisseria meningitides capsular polysaccharide
O-acetylation in serogroup A and W135,
May 4, 2007.

6. Prof Chandan Guha, Department of Radiation
Oncology, Albert Einstein College of Medicine,
Bronx, NY, USA. Cell Transplantation as an
alternative to organ transplantation: Promises
and hurdles, May 25, 2007.

IV.3. VISITORS TO THE CCMB AND SEMINARS

The national and international linkages forged by the CCMB resulted in drawing a large number of scientists,
experts, consultants and applicants in the frontier areas of cellular and molecular biology to visit and deliver
lectures at the Centre.  The list of such seminars held during the year are given below:

Visitors to the CCMB and Seminars

7. Dr Ravishankar Palanivelu, University of
Arizona, USA. Right on target: Multiple
signals guide pollen tubes to ovules to affect
fertilization, May 28, 2007.

8. Dr Thomas J Pucadyil, Department of Cell
and Molecular Biology, The Scripps
Research Institute, La Jolla, California,
USA. Nucleotide-dependent membrane
reorganization induced by dynamin,
May 30, 2007.

9. Dr H H Krishnan, Department of Medicine,
University of Kansas Medical Center, Kansas City,
USA. Kaposi’s sarcoma associated herpesvirus
(KSHV-HHV-8) infection of primary cells: An inside
look at the early events, June 1, 2007.

10. Dr Abhik Datta, Department of Microbiology,
Immunology and Molecular Genetics,
University of Kansas Medical Center, Kansas
City, Kansas, USA.  Telomere and telomerase
dysfunction in HTLV-I associated adult T-cell
leukemia, June 11, 2007.

11. Dr Arvind Kumar, Department of Psychiatry,
University of Texas Southwestern Medical
Center at Dallas, USA. Epigenetic mechanisms
in animal models of addiction and depression,
June 21, 2007.   

12. Dr Satyavani Vemparala, Institute of
Mathematical Sciences, Chennai. Small
molecule interactions with membranes
and ion channels: A computational study,
June 22, 2007.
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13. Dr Sitabhra Sinha, Institute of Mathematical
Sciences, Chennai. Network biology:
Understanding emergent complexity in living
systems, June 28, 2007.

14. Dr Rajesh K Gaur, Division of Molecular
Biology, Graduate School of Biological Sciences,
Beckman Research Institute of the City of
Hope, Duarte, USA. Modulation of alternative
splicing by small molecules as potential therapy
for cancer and other diseases, July 19, 2007.

15. Dr Dhananjay V Kalvakolanu, Professor of
Microbiology, Molecular Biology & Oncology,
University of Maryland School of Medicine,
Greenebaum Cancer Center, Baltimore, USA.
New tumor suppressors: Bringing the war back
to the tumor, July 26, 2007.   

16. Dr Chetana Sachidanandan, Massachusetts
General Hospital & Harvard Medical School,
Boston, USA. Sushi and wasabi in the lab:
Chemical genetics in zebrafish, July 31, 2007. 

17. Dr Tharun Sundaresan, Department of
Biochemistry and Molecular Biology, Uniformed
Services University of Health Sciences (USUHS)
Bethesda, Maryland, USA.  Role of Lsmlp-7p-
Patilp complex-RNA interaction in mRNA decay,
July 31, 2007.

18. Dr Suresh Rattan, Department of Molecular
Biology, University of Aarhus, Denmark. Ageing
and anti-ageing: from molecular biology to
hormesis, July 31, 2007.

19. Dr Ramakrishna Vadrevu, University of
Massachusetts Medical School, Worcester, MA,
USA. NMR analysis of partially folded states and
persistent structure in a 29kDa TIM barrel
protein: Back to BASiCs, August 7, 2007.

20. Dr Srinivas Pentyala, Director of Translational
Research (Associate Professor in
Anesthesiology), Stony Brook University Medical
Center, Stony Brook, NY, USA. Translational
research:perils and profits, August 14, 2007. 

21. Dr Aruna Kilaru, University of North Texas,
Denton, TX, USA. Emerging role for
N-acylethanolamine lipid mediators in plants,
August 22, 2007.

22. Dr Vikrant Kumar, Genome Institute of
Singapore, Singapore.  Status of austro-asiatic
tribes in the peopling of India, August 25, 2007.

23. Dr Prasanth Potluri, Center for Molecular
and Mitochondrial Medicine and Genetics
University of California-Irvine, USA. Mammalian
Oxphos complex I: Assembly and its role in
certain human diseases, September 10, 2007.

24. Dr Vishwanath R Lingappa, Professor Emeritus,
Department of Physiology, University of California,
USA.  Protein bioconformatics: A new paradigm
of regulated protein folding, October 23, 2007.

25. Dr Pramod Srivastava, Physicians Health
Services Chair in Immunology Director, Center
for Immunotherapy of Cancer & Infectious
Diseases, University of Connecticut School of
Medicine, USA. Chaperones: Essential roles
in immune responses and their application
to immunotherapy of human cancer,
October 29, 2007.   

26. Prof Ron Vale, Department of Cellular and
Molecular Pharmacology, UC San Francisco,
USA. Molecular motors and intracellular
dynamics-from single molecule studies
in vitro to whole genome RNAi screen,
November 5, 2007.

27. Dr Arjun Guha, University of California at
San Francisco, Department of Biochemistry
and Biophysics, San Francisco, USA. Regulation
of FGF-dependent organogenesis: Lessons
from the study of  dorsal  air sac development
in Drosophila, November 6, 2007.  

28. Dr Dibyendu Bhattacharyya, Research Prof
Associate, Dept of Molecular Genetics & Cell
Biology, University of Chicago, USA. Deciphering
transitional ER sites, November 23, 2007.  
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29. Dr Judith Klumperman, Professor of Cell
Biology and Head of the Cell Microscopy Center,
University Medical Center (UMC), Ultrecht,
The Netherlands. Imaging lysosome biogenesis,
November 27, 2007.

30. Dr Geetika Chakravarty, Research Instructor,
Tulane School of Medicine, Dept. of
Pharmacology, New Orleans, USA. Designer
mice to probe development and cancer,
December 3, 2007.

31. Prof Venki Ramakrishnan, MRC Laboratory of
Molecular Biology, Cambridge, UK. (1) Insights
into decoding from the structure of the
ribosome and (2) Progress towards functional
complexes of the whole ribosome,
December 17, 2007.

32. Prof Frank Pugh, Department of Biochemistry
& Molecular Biology, The Pennsylvania State
University, USA. Genome-wide organization
of chromatin and the transcription machinery
from yeast to flies, December 18, 2007.

33. Dr P Vijayan, Crop Development Centre,
University of Saskatchewan, Canada.
Legume genomics in group development,
December 20, 2007.

34. Dr Satya Narayana, Professor, Department
of Anatomy and Cell Biology and UF Shands
Cancer Center, University of Florida, Gainesville,
FL, USA. Structure-based drugs design for
chemotherapeutic intervention of colorectal
cancer, January 1, 2008.

35. Dr Shweta Tyagi, Centre for Intergrative
Genomics, University of Lausanne, Switzerland.
Epigentic changes that coordinate cell cycle
response: linking the E2F1 transactivator and
MLL family of histone methyltransferases via
HCF-1, January 4, 2008.

36. Dr Ramkumar Sambasivan, Pasteur Institute,

Paris, France. Role of Myogenic regulatory

factors in the development of extraocular

muscles, January 8, 2008.

37. Dr Kishore V L Parsa, The Ohio State University,

Columbus, Ohio, USA. Molecular mechansims

of host cell response aaginst Francisella

infection, January 10, 2008.

38. Prof Jerry Workman, Stowers Institute, USA.

Protein complexes that modify chromatin for

transcription, January 10, 2008.

39. Dr Lolitika Mandal, Department of Molecular Cell

and Developmental Biology, University of

California, Los Angeles. Drosophila as a model

for hematopoietic development, January 16, 2008.

40. Dr Sarath Chandra Janga, Structural Studies

Division, MRC Laboratory of Molecular Biology,

Hills Road, Cambridge, UK. Genome

organization and transcriptional regulation in

bacteria and eukarya: Principles and insights

from model systems, January 17, 2008.

41. Prof Robert H Brown, Director, Day

Neuromuscular Research Lab, Harvard Medical

School, USA. The genetics of motor neuron

disease: From the bench to the bedside and

back, January 18, 2008.

42. Dr Ashish Arora, Central Drug Research

Institute, Lucknow. Probing the dynamics of

peptidyl-tRNA hydrolase from Mycobacterium

tuberculosis H37Rv, January 25, 2008.

43. Prof Stefan K Bohlander, Department of

Medicine III, Grosshadern, University of Munich,

Germany. From rare chromosomal translocations

to common pathways and principles in leukemia.

5th February 2008.
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44. Dr Yacine Graba, University of Marseille, France.
Protein motifs in Hos trascription factor function,
February 7, 2008.

45. Dr Sudip Kundu, Dept of Biophysics, Molecular
Biology & Genetics, University of Calcutta.
Protein contact networks, February  8, 2008.

46. Prof Rameshwar P Sharma, School of Life
Sciences, University of Hyderabad, Hyderabad.
Nitric Oxide (NO): From Menace to marvel.
Regulation of Plant Development by NO.
 February 12, 2008.

47. Dr Olof Olsson, Gothenburg University,
Gothenburg, Sweden. Plant biotechnology:
Applications, research and future trends,
February 12, 2008.

48. Prof Suraj Bhat, Jules Stein Eye Institute &
Brain Research Institute, University of California,
Los Angeles, USA. αB-Crytallin: A common
theme in cataract, cancer and
neurodegeneration 15th February 2008.

49. Dr Mark Seielstad, Genome Institute of
Singapore, Singapore, The search for genes
underlying complex traits, February 15, 2008.

50. Prof Patricia Salinas, University College,
London, UK. Wnt signaling in the mammalian
nervous system, February 26, 2008.

51. Prof P R Sudhakaran, Kerala University,
Thiruvananthapuram. Cellular interactions in
Angiogenesis - Some molecular mechanisms,
March 3, 2008.

52. Prof Sudhir Krishna, National Centre for
Biological Sciences (NCBS), Bangalore.
Notch signaling in the context of human cervical
cancer stem cells, March 11, 2008.

53. Dr Somendra M Bhattacharjee, Institute of
Physics, Bhubaneswar. Unzipping DNA,
March 17, 2008.

54. Dr Marshal Dhayal, National Physical
Laboratory, New Delhi. Recent development
at interface of physical, chemical and life
sciences: Future for Nano-bioengineering,
March 26, 2008.

55. Dr Aniruddha J Deshpande, Helmholtz Center
for Environment and Health, Munich, Germany.
Stem cells, and the cancer connection: Lessons
from Leukemia, March 27, 2008.

4. Dr Judith Klumperman, Professor of Cell
Biology and Head of the Cell Microscopy Center,
University Medical Center (UMC) Utrecht, The
Netherlands delivered CCMB Foundation Day
lecture on Lysosome Biogenesis in Health and
Disease, November 26, 2007.

5. Dr Hervé Raoul, Director of the French BSL4
Inserm Jean Mérieux Laboratory in Lyon, France.
High Level Bio-safety Laboratory (BSL4) to
Fight Emerging Diseases, November 28, 2007.  

6. Prof R Graham Cooks, Henry Bohn Hass
Distinguished Professor, Purdue University,
West Lafayette, USA. Ion Trap Mass
Spectrometry: New Methods for Life Science
and Trace Organic Analysis, December 11, 2007.

B. Popular and Special Lectures

1. Dr Rama S Dwivedi, Associate Editor, Journal
of Carcinogenesis, Department of Pediatrics,
Northwestern University, Feinberg School of
Medicine, Diplomate, American Board of
Forensic Medicine, USA. The New Facet of
Molecular Medicine-Epigenetics. June 1, 2007.

2. Prof Dipankar Home, Bose Institute, Kolkata.
The Einstein Tagore Dialogue and Realism
in Quantum Physics Reappraised, September
24, 2007.

3. Dr Kim Holmen, Research Director, Norwegian
Polar Research Institute, Tromse and
Incharge, Norwegian Research Bases in the
Arctic. Arctic As A Platform For Detecting Global
Change, October 31, 2007.

234



7. Mr Vivek Ramakrishnan, Associate Director,

Biotechnology and his colleagues, Intellectual

Ventures-India. Intellectual Ventures: Idea

Focused Innovation, December 19, 2007.

8. Dr Gwen D Fewell and Mr Andrew Jennings,

Open Biosystems Inc., USA. Expression Arrest™

Lentiviral shRNA …Versatile RNAi tools advance

Genome-side screening and animal model

development, January 31, 2008.

9. Prof Pasqualino Loi, University of Teramo, Italy

has delivered the first Foundation Lecture of

LaCONES on Cloning Endangered Species:

How Far Can We Go? In the Auditorium of the
LaCONES premises at Attapur, Rajendranagar,
Hyderabad on February 1, 2008.

10. Prof Victor S Smetacek, Alfred Wegener
Institute for Polar and Marine Research of the
Helmholtz Foundation, Bremerhaven Germany.
Ocean Iron Fertilization as a means to sequester
atmospheric carbon dioxide: The Indian
experiment LOHAFEX in 2009, February 4, 2008.

11. Prof Barry Marshall, Nobel Laureate, The
University of Western Australia, Australia. The
Excitement of Science and the Nobel Prize,
February 7, 2008.

C. Distinguished Visitors

• Shri Kapil Sibal visited CCMB on November 3
to lay the foundation stones for CRM and BSL4
Facilities in CCMB Annexe 2 premises

• Indian Parliamentary Standing Committee
on S&T, Environment & Forests visited CCMB
on 18-12-2007.

Shri Kush M Parmar, CEO, Parsalus
Pharmaceuticals, Inc., Boston, MA, USA.

Dr Tribrikram Bhattarai, Tribhuvan University,
Kathmandu.

Dr Patricia Salinas, University College, London, UK.

Mr Kenneth R Boff, Georgia Institute of Technology,
Georgia, USA

Prof N K Ganguly, Director-General, ICMR, New Delhi.

Dr Gerlad Bohm, Head of Life Sciences & Information
Technologies, Germany.

Dr Stefan Lampel, EU International Affairs, Project
Management, USA.

Dr Olsson & Dr Ghohetri, Gothenberg University,
Sweden.

Prof ColinmCgUCKIN & Dr Forraz, Sapna
Chadha, British Trade Office, UK.

Prof Olof Olsson & Dr Goharna Gharti-Chhetri,
Dept of Cell and Molecular Biology, Lundberg
Institute, Gothenburg University, Sweden

Prof Sir Martin Evans, FRS, the Nobel Laureate -
2007, Cardiff University, UK

Dr David Sonntag, Deputy Director and Dr Kenneth
Boff, Senior Scientist, Asian Office of the Aerospace
Research, Tokyo, Japan.

Dr Saber Hussain, Scientist, US Air Force Research
Laboratory, USA

Prof Franklin B. Pugh, Penn State University,
USA

Prof Jerry Workman, Stowers Institute of Research,
Missouri, USA

Dr T Rama Sami, DG-CSIR, Secretary, DSIR, New
Delhi.

Dr Stephen Minger, King’s College, London, UK

Dr Chantal Vaury, UMRIINSERM, Faculty of
Medicine, France

Dr Robert Blumenthal, Center for Cancer Research
Nanobiology Program, USA

Dr Samir Hanash, Program Head, Fred Hutchinson
Cancer Research Center, Washington, USA.
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Dr Philip C Andrews, Director, Protein
and Carbohydrate Structure Facility, University
of Michigan, USA.

Prof Franklin B. Pugh, Penn State University, USA

Prof Jerry Workman, Stowers Institute of Research,
Missouri, USA.

Prof Richard Simpson, Head, Joint Proteomics
Research Laboratory, Ludwig Institute of
Cancer Research, Australia.

Dr Sudhir Srivastava, Chief, Cancer
Biomarkers Research Group, National Cancer
Institute, USA

D. Visit of Foreign Delegations

1. European Commission delegation on Food,
Agriculture and Biotechnology visited CCMB to
explore possible collaboration (April 27, 2007).

2. A 6-Member Team of Administrators from
Georgia Institute of Technology visited CCMB
(June 6, 2007).

3. A Netherlands delegation from Ultrecht University
comprising Dr Yvonne van Rooy and Prof Frank
Miedema visited CCMB (November 27, 2007).

4. A French delegation of Dr Herve Raout; Mr K J

Pramod and Mr Jerome Perrin visited CCMB

(November 28, 2007).

5. A 5-Member delegation from Saudi Arabia led

by Dr Mohammed Al Qahtani, Director, Centre

of Excellence in Genomic Medicine Research,

King Abdulaziz University, Jedda visited CCMB

(March 4, 2008)

E. Group Visits under the CCMB Science and Technology Awareness Programme

Judges from A P Two times a year for
Judicial Academy, lecture and
Hyderabad demonstration

Police Officers from Two times a year for
the Afro-Asian countries lecture and
sponsored by the National demonstration
Crime Records Bureau,
Ministry of Home Affairs,
New Delhi

• Lecturers/Teachers/Scientists undergoing
Refresher Courses in NAARM, NISIET, ASCI
and University of Hyderabad – Six times a year
for lecture and demonstration

• Organised tours of a large number of B.Sc. and
post-graduate students of science from several

academic institutions from all over the country
(on an average of 350 students per month) as a
part of their curriculum.

• A delegation of 15 Officers from National
Defence College, New Delhi visited CCMB on
March 10, 2008.

Police Officers (IPS) from Two times a year for
National Police Academy, Lecture and
Hyderabad demonstration

IAS and IFS Officers from Two times a year for
National Police Academy, Lecture and
Hyderabad demonstration

Police Officers from Two times a year for
A P Police Academy, lecture and
Hyderabad demonstration
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IV.4. AWARDS AND HONOURS

Dr Lalji Singh
• Invited to deliver the prestigious Pandit

Govind Ballabh Pant Memorial Lecture, GB Pant
Institute of Himalayan Environment and
Development, Almora.

• Received the Rajiv Gandhi Rastriya Ekta
Samman 2007 award at the National Conference
on Communal Harmony organized by the All
India National Unity Conference, New Delhi.

• Sir Edward Mellanby Memorial Lecture,
Central Drug Research Institute, Lucknow

• Invited to deliver the 1st Lecture of Excellence
on New Frontiers in Biotechnology and
Biodiversity at National Bureau of Fish Genetic
Resources, Lucknow.

• Honorary D.Sc., degree from MJP Rohilkhand
University, Bariely.

• 8th Dharma Vira Oration Award, Sir Gangaram
Hospital, New Delhi.

• Invited to deliver the 18th Convocation
Address, Kakatiya University, Warangal.

Dr Ramesh K Aggarwal
• Member of the Indian Delegation for Indo-Finland

Bilateral collaboration in the area of
‘Environmental Biotechnology and Bioresources’

• Chairman of the Peer Review Committee for
National Fund Project on Groundnut Genomics,
ICAR, New Delhi (2007-2010).

• Member, Accreditation Panel (DBT-Govt- of India)
for the Accreditation of Test Laboratories and
Certification of Tissue Culture Production Facilities
under the National Certification System for Tissue
Culture raised Plants (NCS-TCP), (2007)

Utpal Bhadra
• Selected as member, Wellcome Trust UK

reviewers Panel

• Visiting Professor , Institute of Human
Genetics – CNRS Montpellier, France

• Honorary Chairman of Scientific Advisory
committee of multinational corporate, I-Brain Life
Science, Cambridge, UK

Dr Purnima Bhargava
• Elected Fellow, National Academy of Sciences,

Allahabad, India.

• Elected Member, Guha Research Conference.

Dr G R Chandak
• Awarded the Wellcome Trust Grant for the

study entitled “Environmental and genetic
determinants of obesity and diabetes in India”.

• An Expert Medical Geneticist, the District
Advisory Committee for implementation of
Pre-conception and Prenatal Diagnostic
Techniques Act.

• Member Scientific Advisory Committee,
National Institute of Nutrition, Hyderabad.

• Member, Advisory Committee, State Human
Rights Commission, AP on Policy Initiatives on
Women’s Health.

• Nodal scientist for CSIR Net-Work programme
on: Diabetes mellitus-New drug discovery
R&D, molecular mechanisms and genetic &
epidemiological factors.

• Journal Reviewer, GUT, UK, BMC-series
journals, UK  and Tissue Antigens, USA

• Member Editorial Board of Journal of Genetics,
India

• Member, Advisory Committee, State Human
Rights Commission, AP on Policy Initiatives on
Women’s Health.

Dr Amitabha Chattopadhyay

• Ranbaxy Research Award in Medical Sciences
(Basic Research), Ranbaxy Foundation.

Awards and Honours
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• The Bires Chandra Guha Memorial Lecture
award from the Indian National Science
Academy.

• Adjunct Professor, the Special Centre for
Molecular Medicine, Jawaharlal Nehru
University, New Delhi.

• Editor, “Serotonin Receptors in Neurobiology”
(2007), New Frontiers in Neuroscience
series (series editors: Simon, S.A., and Nicolelis,
M.A.L.), CRC Press.

Dr Jyotsna Dhawan
• Member, RAP-SAC of National Center for

Cell Sciences, Pune.

• Member, Steering Committee of SNAP- Stem
Cell Network of Asia Pacific

• Member, Government Affairs Committee
of International Society for Stem Cell
Research (ISSCR)

• Awarded an Indo-Australian Biotechnology
Grant to study the epigenetic landscape
of endogenous cardiac stem cells in
collaboration with Rakesh Mishra (CCMB),
Richard Harvey and Catherine Suter (Victor
Chang Cardiac Research Institute, Sydney).

Mr Sandeep Goel

• Awarded PhD from Kyoto University, Japan.

Dr Vijaya Gopal
• Received DST research grant for a period of

3 years.

Dr M M Idris
• Awarded Ph.D from Open University, Miton

Keynes, UK.

Dr Jerald Mahesh Kumar
• International award of the Japanese

Association for Laboratory Animal Science
for the year 2007.

Dr N Nagesh
• Reviewer of research papers, Proceedings of

the Third IAPR International Conference
on Pattern Recognition in Bioinformatics.

(PRIB, 2008); Bioinorganic Chemistry and
Application Journal and Current Analytical
Chemistry Journal.

Dr M W Pandit
• Vigyan Vibhushan Quality Achievement Award-

2006 from CITD received from Governor of
Andhra Pradesh.

Dr Veena K Parnaik
• Elected as a Fellow of the Indian Academy of

Sciences.

Dr A S Sreedhar
• Awarded Post Doctoral Invitation Fellowship from

Japanese Society for the Promotion of Science
(JSPS), Japan.

Dr B Raman
• Scopus Young Scientist Award for meritorious

contributrions in the field of Biological Sciences.

Dr R Sankaranarayanan
• Endeavour Executive Award 2008 to do

research at University of Queensland,
Brisbane, Australia.

Dr Ram Rup Sarkar
• Selected for the CSIR-DAAD Exchange of

Scientists Programme-2008.

• Committee Member for the DST, Govt. of India,
constituted Vision and Measurement System
Groups (2008).

Dr S K Saxena
• U.S. CRDF Fellowship (Department of State,

USA) to attend the Asia Conference on
Laboratory Biosafety and Biosecurity,
Bangkok, Thailand (April 17-19, 2007)

• Elected Full Member of Sigma Xi, The Scientific
Research Society (USA).

• “BRVS-Vishes Rajbhasha Vishishtata Samman
- 2007” awarded by Bharatiya Rajbhasha Vikas
Sansthan, (India), for appreciable editing of
“Jigyasa” scientific magazine and making
science popular.

238



• International Pharmaceutical Industry Consultants
(UK) recognized as International Opinion Leaders
/ Experts involved in the vaccination for Japanese
Encephalitis. (Jan, 2007).

Dr Yogendra Sharma
• Elected Fellow, Indian Academy of Sciences.

Dr S Shivaji
• Member, the First Indian Scientific Expedition to

Arctic between August 4 to 16, 2007.

• Selected to deliver Plenary Lectures at the 6th
PNRA Meeting on Antarctic Biology: Critical
Issues and Research Priorities in Italy and at
the Second International Barcode of Life
Conference in Taiwan.

Dr Imran Siddiqi
• Elected as a Fellow of the Indian Academy of

Sciences, Bangalore.

• A publication on ‘Gamete Formation Without
Meiosis in Arabidopsis’ from his group is
accepted in Nature

Dr Sunit K Singh
• Member, Editorial Board of the scientific journal

Future Microbiology.
• Visiting Faculty, Ram Manohar Lohia Avadh

University, Faizabad.
• Visiting Scientist, Sandia National Laboratories,

New Mexico, USA
• Visiting Scientist, Albert Einstein College of

Medicine, New York, USA.
• Corresponding Editor of “International Journal

of Infectious Diseases” (Elsevier Publication).

Dr Ravi Sirdeshmukh
• Invited member, Research Council, Institute Of

Cytology and Preventive Medicine, ICMR, Noida

• Invited member, Program Advisory Committee,
National Facility for Advanced Proteomics and
Protein Research, IICB, Kolkatta

• Visiting scientist, the National Cancer Institute,
NIH, Bethesda and the National Institute of
Aging, NIH, Baltimore, MD, USA.

• Chaired Disease Proteomics Session, 6th
HUPO World Congress, Seoul, South Korea.

Dr Ramesh V Sonti
• Invited Speaker & Session Chairman, Second

International Conference on Bacterial Blight of
Rice, Nanjing, China.

Dr V Srinivas
• Awarded the Japanese Society for Promotion of

Science (JSPS) Invitation Fellowship.

Dr K Thangaraj
• Member, Editorial Board of Human Biology.

Mr Sunil Kumar Verma
• Awarded PhD from University of Oxford, UK.

Mr K Nagabhushanam
• Best Champion Award in Shuttle Badminton from

CSIR (SSBMT) and he has been winning this
continuously from CCMB for the last 6 times.

Mr K S Varadarajan
• Best Lecture Note award, at a National Summer

School on New Dimension to NMR: From
Molecules to Human Behavior held in Gangtok.

Awards and Honours received by the Research Students

Complex Genome Analysis held in Barcelona,
Spain.

Ms Rupa Bhattacharya
• Prof G P Talwar Gold Medal for Best Oral

Presentation at ISSRF.

Mr Sourav Haldar
• Best poster award at the annual meeting of the

Indian Biophysical Society held in New Delhi.

Mr Faiz Ahmad
• Ratna Phadke Award for Best Oral Presentation,

National Symposium on Biophysics Biophysics
in Medicine and Biology, Punjab University,
Chandigarh.

Ms Anshu Bharadwaj
• Best Poster Award in the 9th International

Meeting on Human Genome Variation and
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Mr Tanweer Hussain

• Ranbaxy Science Scholarship awards for
Young Scientists for the year 2007.

Mr Gopaljee Jha

• Young Scientist Platinum Jubilee Award-2007,
National Academy of Sciences, India.

Mr Abhay Kumar

• Best Oral Presentation Award, National
Symposium on Biophysics in Medicine and
Biology, Punjab University, Chandigarh.

Mr T L Pavan Kumar

• Prof V C Shah Prize for the Best Paper
Presentation, 31st All India Cell Biology
Conference, BHU, Varanasi.

Mr Rajyaguru I Purusharth
• Invited with a Grant by the International

RNA Society for attending and
presenting Talk in the Eleventh Annual
Meeting of the RNA Society, held at
Seattle, Washington, USA.

Mr K S Rakesh Setty
• AOHUPO/KSMS Young Scientist Award, The 6th

Annual World Congress of Human Proteome
Organisation, Seoul, Korea.

Mr Bhairab Nath Singh
• Best Oral Presentation award at Indian Eye

Research Group meeting held at LVPEI,
Hyderabad.

Ms Shaheen Sulthana
• Best Poster (2nd) Award in the 11th ADNAT

Symposium on ‘Advances in Structural Biology
and Structure Prediction’ held at CCMB,
Hyderabad.

Ms A L Susmitha
• Best Lecture Note award (Rs.5000/-) in a

Workshop on Principles of NMR, TIFR Mumbai,

Mr Abhay Thakur
• Best Oral Presentation award at Indian

Biophysical Society Meeting held at Panjab
University, Chandigarh.

• Young Scientist Bursary at 63rd Harden
Conference held at Ambleside, UK.

Mr A Vanniarajan
• Mitochondria Research Society Cash Award

2007, USA.

Dr Ramesh K Aggarwal
• Visited Finland to participate in Indo-Finnish

Workshop on Bioresources and Environment held
under the Indo-Finnish Science and Technology
Collaboration Programme (May 2-6, 2007).

Dr Utpal Bhadra
• Visited UK to attend a meeting on MicroRNAs:

Biology to Development and Disease held at
the University of Cambridge, Cambridge
(November 1-2, 2007).

Dr Purnima Bhargava
• Visited France under bilateral exchange programme

IV.5. VISITS/DEPUTATIONS BY THE STAFF FOR PARTICIPATION IN
INTERNATIONAL MEETINGS AND COURSES

to discuss future collaborations on Chromatin and
Transcription by RNA Polymerase in Laboratoire
joliot Curie, Ecole Normale Superieure (ENS) de
Lyon (September 15-30, 2007).

Mr N Ravindra Chakravarthi
• Visited Denmark to attend the Service Training

Programme on MoFlo High Speed Flow
Cytometer held at M/s Dako Denmark A/S,
Glostrup (October 22-November 2, 2007).

Dr Amitabha Chattopadhyay
• Visited Australia to explore the membrane

organization of the serotonin1A  receptor in living

Visits/Deputations by the Staff for Participation in International Meetings and Courses
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cells by Fluorescence Lifetime Imaging
Microscopy and Fluorescence Resonance
Energy Transfer at Ludwig Institute for Cancer
Research, Melbourne and to discuss the
future collaborative research with Prof Arun M
Dharmarajan at University of Western Australia,
Perth (September 3-15, 2007).

• Visited Belgium to deliver lectures and
mutual discussion at the Centre for Structural
Biology and Bioinformatics of the Free
University of Brussels (October 22-29, 2007).

• Visited Germany to meet and discuss future
collaborative research with Prof Evgeni G
Ponimaskin, Department of Neuro and Sensory
Physiology, University of Gottingen; and

• Visited Sweden to meet Prof Per Svenningsson,
Department of Physiology and Pharmacology,
Karolinska Institute, Karolinska (October 30-
November 1, 2007).

Dr Jyotsna Dhawan
• Visited University of California, Irvine (July 12-

13); attended the FASEB Summer
Conference on Muscle-Stem and Satellite
Cells at Indian Wells, California as an invited
speaker (July 14-19); visited to the University
of New Mexico (July 23-24) and visited
Stanford University (July 25-29, 2007), USA.

• Visited Thailand to attend the Asia-Pacific
Stem Cell Networking Meeting as an invited
participant on behalf of DBT held at Nai Lert
Park Swissotel and to present an overview of
stem cell research in India at the scientific
meeting held at Division of Hematology,
Department of Medicine, Faculty of
Medicine, Siriraj Hospital, Bangkok (September
29-30, 2007).

• Visited Japan to deliver an invited lecture at
the University of Kyoto and discuss on
collaborative work with Prof Shuh Narumiya,
Department of Pharmacology, to give a
lecture at the Indo-JSPS-CDP Joint meeting

held at the RIKEN Center for Development
Biology in Kobe (October 22-24, 2007)

Dr D P Kasbekar
• Visited USA to take up Short Term Biotechnology

Overseas Associateship Award at the laboratory
of Dr Eric Selkar, University of Oregon, Eugene
(July 30-October 31, 2007).

Mr G G Kingi
• Visited USA to attend Service Training on LTQ

Mass Spectrometer from M/s Thermo Electron
Corporation (July 18-22, 2007).

Dr Kshitish Majumdar
• Visited Thailand to attend the Workshop on

Research needs to sustain Asian-Pacific
Aquaculture at Rayong Beach Resort, Rayong
(June 4-7, 2007).

Dr Rakesh Kumar Mishra
• Visited France to carry out research work at

the laboratory of Genetics and Physiology of
Development, Marseille under bilateral exchange
programme of IFCPAR (May 28-June 19, 2007).

• Visited Switzerland to deliver an invited lecture
at University of Geneva (June 15, 2007)

Dr Biswajeet Pal
• Visited Germany to collect Synchrotron data on

the protein crystals at high resolution at DESY,
Hamburg (September 11-5, 2007).

Dr Anant B Patel
• Visited Germany to attend advance MRI training

course conducted by M/s Bruker Biospin at
Ettlingen (April 14-22, 2007).

Mr Y S S V Prasad
• Visited USA to attend Service Training on LTQ

Mass Spectrometer from M/s Thermo Electron
Corporation (July 18-22, 2007).

Ms Asha Ramesh
• Visited Singapore to attend Service Training

Course on Model 5973 Gas Chromatograph Mass
Spectrometer system organized by M/s Agilent
Technologies, Singapore (October 1-3, 2007).
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Mr Gurkhel D N Rao
• Visited Denmark to attend the Service Training

Programme on MoFlo High Speed Flow
Cytometer held at M/s Dako Denmark A/S,
Glostrup (October 22-November 2, 2007).

Dr N Madhusudhana Rao
• Visited China under the CSIR-NSFC S&T

Cooperation Programme to participate in
the 2nd Joint Workshop on Designing materials
through Nanotechnology held in Beijing
(December 26-28, 2007).

Dr Ch Mohan Rao
• Visited Japan to deliver an invited lecture

at the Symposium on Water and Biomolecules
and for discussions with Prof Kuwazima at
Okazaki Institute for Integrative Bioscience,
Okazaki (January 20-26, 2008).

Dr R Sanakaranarayanan
• Visited France to participate in the Workshop

on Biophysics of ligand binding to drug
targets held at the Institute of Genetics
and Molecular and Cellular Biology,
Strassbourg and to meet Prof Dino Mora
(May 14-19, 2007).

• Visited Germany to collect Synchrotron
data on the protein crystals at high resolution
at DESY, Hamburg (September 11-5, 2007);
Visited the labs of Drs Giuseppe and
Vito Calderone in Italy (September 17-22, 2007)

• Visited Singapore as an invited speaker in a
Symposium on Biotechnology: Innovative
Applications from Basic Discoveries
held at Temasek Life Sciences Laboratory,
Singapore (January 24-26, 2008).

Dr Shailendra Kumar Saxena
• Visited Thailand to attend and present a

paper at the Asian Biosafety and Biosecurity
Conference in Bangkok (April 17-19, 2007).

Dr L S Shashidhara
• Visited USA to participate in a meeting to

discuss developing new toolkits for fly work

held at Janelia Farm Research Campus,

Horward Hughes Medical Institute, Virginia

(October 7-10, 2007).

Dr S Shivaji
• Visited Germany to deliver a lecture and to

meet Prof J Weitzel and Prof R Mideendorf,

University Giessen (June 6, 2007).

• Visited Italy to attend 6th PNRA Meeting on

Antarctic Biology, Critical Issues and

Research Priorities for the IPY and 2007-2009

held at Follonica, Tuscany (June 7-9, 2007).

• Participated in the first Indian Scientific

Expedition to the Arctic on Arctic Microbes

as Workshorses of Biotechnology, organized

by National Centre for Antarctic and Ocean

Research, Goa (August 6-16, 2007).

• Visited Taiwan to attend a short course on

DNA Barcoding protocols, 2nd International

Barcode of Life Conference and Regional

Barcode Meeting held at Research Centre

for Biodiversity, Academia Sinica, Nanknag,

Taipei (September 17-21, 2007).

Dr Lalji Singh
• Visited Italy to participate in the Symposium

on New Challenges in the Molecular Life

Sciences: Structuring European Research

in the Post-Genomic Era held at Florence

(October 18-19, 2007).

Dr Sunit Kumar Singh
• Visited Thailand to participate in the Asian

Biosafety and Biosecurity Conference held in

Bangkok (April 17-19, 2007).

• Visiting Scientist to participate in the

collaborative study on the effect of HIV-1

Tat protein on miRNA expression pattern

of Brain microvascular endothelial cells

under AIDS International Training Program

with Prof Joan Berman at Albert Einstein

College of Medicine, New York, USA

(March 23 -September 22, 2008).
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Dr Ravi Sirdeshmukh
• Visited USA to attend the Annual Meeting of the

American Society of Mass Spectrometry and
Users meeting held at Indianapolis, Indian (June
3-7, 2007).

• Visited South Korea to attend the HUPO 6th

Annual World Congress 2007 held at COEX,
Seoul (October 6-10, 2007).

Dr Ramesh V Sonti

• Visited China to attend and deliver an invited
lecture at the 2nd International Conference on
bacterial blight of rice held in Nanjing Agricultural
University, Nanjing (October 1-3, 2007).

Dr A S Sreedhar
• Visited Japan under Post Doctoral Invitation

Fellowship from Japanese Society for the
Promotion of Science (JSPS) to the Institute for
Frontier Medical Sciences, Department of Cell
Biology & Molecular Biology, Kyoto University,
Kyoto (Jan-March 2007).

Dr V Srinivas
• Visited Japan to avail the Japanese Society for

Promotion of Science (JSPS) Invitation
Fellowship to work on interaction of alpha-
crystallin and GroEL with amyloidogenic
peptides in the laboratory of Prof Kuwazima,
Okazaki Institute of Integrative Bioscience,
Okazaki (July 1, 2007 to April 30, 2008).

Dr K Thangaraj
• Visited USA to work on a collaborative project

entitled study of the population history of the
Andaman and Nicobar Islands in relationship
with populations in Africa at Harvard Medical
School, Department of Genetics, Boston
(November 1-12, 2007).

Mr K S Varadarajan
• Visited Nepal to attend a National Summer

School on New Dimension to NMR: From
Molecules to Human Behavior in Gangtok
(May 27-June 1, 2007).

Visits/Deputations by the Research Scholars for Participation in International Meetings
and Courses

Mr Pavan Kumar Agrawal
• Visited UK to work with Dr D Stemple’s Laboratory

at the Wellcome Trust Sanger Institute after
selecting for the Wellcome Trust Sanger Centre
Prize Competition (June 25 - September 25, 2007).

Mr Mohd. Faiz Ahmad
• Visited UK to present his abstract at the Gordon

Research Conference on Stress Proteins in
Growth, Development and Disease held at
Magdalen College in Oxford (August 19-24, 2007).

Ms Anshu Bharadwaj
• Visited Austria to present poster of her work in the

International Conference of Intelligent Systems in
Biology/European Conference in Computational
Biology held in Vienna (July 21-25, 2007).

• Visited Spain to present poster of her work in
the 9th International Meeting on Human Genome

Variation and Complex Genome Analysis held
in Barcelona (September 6-8, 2007).

Dr L V K S Bhaskar
• Visited Australia for poster presentation

in the 4th Indo-Australian Conference on
Biotechnology held at Queensland Institute
of Medical Research, Brisbane, Australia
(May 7-9, 2007).

Mr Aneesh Goyal
• Visited Germany to collect crystal data of

DESY synchrotron (September 10-16, 2007).

Mr Arun Khattri

• Visited Australia for oral presentation in
the 4th Indo-Australian Conference on
Biotechnology held at Queensland Institute
of Medical Research, Brisbane, Australia
(May 7-9, 2007).

Visits/Deputations by the Research Scholars for Participation in International Meetings and Courses
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Dr Pavan Kumar Pindi
• Visited Germany for availing DAAD Short Term

Fellowship under DAAD German Academic
Exchange Services, Germany (June 25-31
August, 2007).

Ms Vidhi Puri
• Visited UK to work with Dr Anton Enright’s

Laboratory at the Wellcome Trust Sanger Institute
after selecting for the Wellcome Trust Sanger Centre
Prize Competition (June 5-September 5, 2007).

Mr M Ravi
• Visited China to participate in 18th International

Conference on Arabidopsis Research held in
Beijing (June 2-24, 2007).

Mr G Srinivas

• Visited USA to attend Application Training

on MoFlo FACS machine held at

M/s Dako Colorado Inc., Colarado and to

visit the lab of Dr Indresh Kaur at MD

Anderson Cancer Centre, Houston

(September 17-25, 2007).

Mr A Vanniarajan

• Visited USA for oral presentation of

his abstract in the symposium on Mitochondrial

Medicine – Raiding the wave of the

future held at the University of California,

San Diego (June 13-16, 2007).
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IV.6. CONFERENCES AND TRAINING COURSES HELD AT THE CCMB

Conferences and Training Courses held at the CCMB

1. Refresher course on Advances in Biophysics
jointly sponsored by Indian Academy of
Sciences, Indian National Science Academy, and
National Academy of Sciences has been
organized for about 31 Teachers and Lecturers
from all over India participated.

2. 2nd Interactive Meeting of DBT Buffalo Genetics
and Genomics Group (May 5, 2007).

3. A three-day International Symposium on
Chromosome to Genome (July 3-5, 2007).

4. Workshop on iTRAQ Technology and
Quantitative Proteomics using LCMALDI Sample
Preparation and iTRAQ Regent Chemistry
(August 27-29, 2007).

5. Bioinformatics Traning Programme on
Perspectives and Current Trends in
Bioinformatics (Septermber 12-18, 2007).

6. Brainstorming session on bacterio-rhodopsin
and Expert Committee Meeting on Electrochromic
Materials (September 21-22, 2007).

7. International Symposium on Dissecting the Role
of Genes and Environment in Complex Diseases
(December 6-8, 2007).

8. Indo-French Conference on RNAi in Genome
Control (December 12-14, 2007).

9. Meeting of USP-IPC Joint Working Group on
Protein Therapeutics (December, 19, 2007).

10. 8th International Symposium on Biochemical
Roles of Eukaryotic Cell Surface
Macromolecules (January 21-25, 2008).

11. A meeting on Current Trends in Proteomics for
Biomarkers and Brainstorming discussion on
Plasma Proteomics (February 17-18, 2008).

12. A meeting on Recent Trends in Reproductive
Health Research (February 20-22, 2008).

13. 12th ADNAT Convention – Symposium on Biology
of Embryoonic and Adult Stem Cells (February
23-24, 2008).

14. 12th ADNAT Convention – Hands on Training
Course on Basic Techniques in Stem
Cell Biology: Isolation, Maintenance and
Differentiation (February 25-March 10, 2008).

15. A Two-day Symposium on Bionanotechnology
and Pharmaceuticals, jointly organized by CCMB
and Purdue University, USA (March 13-14, 2008).

Participants of International Symposium on Dissecting the Role of Genes and Environment in Complex Diseases
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International Symposium on Chromosomes to Genome

The symposium also coincided with the 60th
Birthday day of Dr. Lalji Singh to acknowledge
his outstanding contributions in the field of
chromosome biology and genomics. In the
early eighties Dr. Singh discovered that repetitive
DNA elements make important functional
contribution to sex chromosomes in vertebrates,
as finding that help solve the mystery of sex
reversal in mice. It was a discovery well ahead of
its time as rest of the scientific world was
dumping repetitive DNA as the ‘junk DNA’.
Several talk and poster presentation in this
meeting brought forward the fact that repetitive
elements make important and essential component
of complex genomes, although much remains to
be understood about their function.

The deliberations in the meeting are scheduled to
be published in form of a book ‘Chromosomes
to Genome’ by I K International Publishing
House Pvt. Ltd.

The similarities and variations in living forms are
encrypted in their genomes. Understanding this
genetic basis and its evolution has fascinated
biologists for more than a century. Sequencing of
genomes has opened a new era full of promises and
excitements as well as challenges of new biology.
About 300 scientists from around the world assembled
at the CCMB to discuss the journey from classical
chromosome biology to modern genomics in this
symposium on ‘Chromosomes to Genome’ organized
by Dr. Rakesh K. Mishra, Dr. L. S. Shashidhara and
Dr. K. Thangaraj of CCMB.

The symposium included 25 invited talks by leaders
of this field from 6 different countries including 10 from
Indian speakers. There were 46 poster presentations
as well, which provided opportunity for young
researchers and students to mix and discuss with the
experts. In this high quality and highly interactive
meeting latest advances in the field of chromosome
biology and genomics were discussed.

International Symposium on “Chromosomes to Genome”
July 3 to 5, 2007

Participants of the Symposium
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On the 60th Birthday of Dr. Lalji Singh, the CCMB staff
organized a Felicitation function to honor him and his
wife and express gratitude to all he did so far for the
CCMB. Function was attended by large gathering of
students, staff, well-wishers and scientists from
India and abroad. A Souvenir “Dr. Lalji Singh – the
Scientist par Excellence and Institution Builder”
was also released on this occasion. Eminent
scientists including Dr P M Bhargava, Former
and Founder Director, CCMB, Dr R A Mashelkar,

Former DG-CSIR, Dr N K Ganguly, DG-ICMR and
many others expressed their personal feelings related
to Dr Singh’s achievements and scientific
contributions in the frontier areas of human genetics
and his untiring and dedicated efforts to take the
CCMB the height where it stands now. Every one
wished him long and equally productive years
ahead. Dr Lalji Singh gave an emotional and touching
reply to feelings expressed by the ‘who’s who’ of Indian
science assembled on this occasion.

Dr Lalji’s Felicitation on his 60th birthday

Dr Lalji Singh with his wife Smt. Amarawati

Annual Report 2007-2008 247



The field of proteomics has advanced to a great
degree during the last five years in spite of its
enormous complexity at the experiment and
scientific level. New methods, experimental
approaches are continuously evolving. In India,
CCMB and many other national centres and
Universities have infrastructure for carrying out
Proteomic projects and more and more groups are
initiating Proteomics programmes under various
perspectives. With the help of international
associations and interactions, it is hoped to
accelerate the successful application of proteomics
to the solution of important biological and
biomedical problems. To achieve this, recently a
special Network Program of CSIR for International

A Scientific Meet on Current Trends in Proteomics and Brainstorming
Discussion on Plasma Proteomics

(Under CSIR Proteomics Network for International Collaborations)
February 17-18, 2008

Collaborations in Proteomics has been initiated to
facilitate scientific exchange, collaborative
activities and educational activities for the purpose
of knowledge sharing important for the growth of
this scientific discipline.  This meeting was the first
event under this program.

The meeting included 14 invited talks by leaders
of this field from USA, Australia, Switzerland,
Sweden and India and they enlightened 130
participants from all over India. There were 31
poster presentations which provided opportunity for
young researchers and students to mix and
discuss the current trends in proteomics with the
experts. In this meet, latest advances in the field of
proteomics and on plasma proteomics were discussed.

Participants of the Scientific Meet.
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Dr Lalji Singh
• A book entitled Scientoonic Tell-Tale of

Genome and DNA (coauthors Dr M W Pandit
and Dr Pradeep K Srivastava), I K International
Publishing House Pvt. Ltd., New Delhi.

• “Improving health care through genetics” an
article under Biotechnology section of the Book
Innovative India Rises, edited by I K Sharma.
pp.225-227.

• LaCONES (Hindi article) in Vigyan Pragathi, a
monthly Hindi Journal from CSIR (in press)

Dr Utpal Bhadra
• RNAI: the magic bullet of Modern Medicine. In

the Proceedings of “National Seminar on
Dimensions in Zoological Research in Human
Welfare” held during 150 year Celebration of
University of Calcutta, pp 12-16.

• RNAI: The GenNext drug targets? Therapeutic
promise in gene silencing. “Chronicle
Pharmabitz” 16-17, February 2008.

IV.7. POPULAR SCIENTIFIC AND OTHER ARTICLES BY THE STAFF

Jigyasa - a Popular Science Magazine in Hindi

CCMB has been bringing out Jigyasa, a popular science magazine in Hindi, annually since last 8 years. This
year several of CCMB scientists have contributed in the form of popular science articles in Hindi.
In addition, Staff of CCMB have contributed the following popular and other articles:

Popular Scientific and other Articles & TV Programmes

Dr Ravi Sirdeshmukh
• Proteomics in India-An overview (Invited

article) in Molecular Cell Proteomics (2008),
7: 1406-1407.

Dr Shashi Singh
• Basics of Cryoelectron Microscopy Imaging. In

the Proceedings of the Annual Meeting of EMSI,
University of Delhi.

• Sample preparation and Imaging of
Macromolecular Complexes or Cell Structures
for Cryoelectron Microscopy. In the Proceedings
of the TIFR Workshop on Cryoelectron
Microscopy.

Dr L S Shashidhara
• On the Evolution of Insect Wings. “Expanding

the toolkit of Drosophila”. A Write-up presented
at the Janelial farm, Virginia, USA.

• On the Evolution of Insect Wings. In the
Proceedings of the “73rd Annual Meeting of
Indian Academy of Sciences” India.

IV.8. TELEVISION/RADIO PROGRAMMES (SCIENTIFIC) BY THE STAFF

Dr Lalji Singh
• Participated in a documentary film on CCMB –

Open Day, produced by the Educational
Multimedia Research Centre (EMMRC)
telecasted later in several universities for the
benefit of student community all over Inida.

• In EMMRC – delivered a lecture that was
telecasted live in 62 universities through
Edusat satellite facility and participated in

teleconferencing simultaneously with teachers
and students.

• ETV2 has selected his profile for their
prestigious programme in the prime time
“Margadarshi” which will be telecasted
throughout India in 14 different languages.

• In addition participated in several other TV
channels to promote science and science and
technology policies.
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IV.9.ART AND OTHER EVENTS

Art and other Events

• An Exhibition of Science Books by M/s Allied
Publishers was organized in connection with the
Refresher Course on Advances in Biophysics
coordinated by Dr Somdatta Sinha, Sr. Scientist,
CCMB on June 7, 2007 in the Central Court of
CCMB and several low-priced Indian editions of
biology titles were displayed,.

• Organisers of the Chromosomes to Genome
Symposium have arranged a Felicitation
Function for Dr Lalji Singh, Director, CCMB on
the occasion of his 60th Birthday on 5th July in the
IICT Auditorium.  Dr R A Mashelakar, Prof M S
Swaminathan, Dr P M Bhargava and many national
and international scientists and dignitaries were
attended and lauded his selfless devotion to
science in general and to CCMB in particular. A
souvenir ‘Dr Lalji Singh – The Scientist par
Excellence and Institution Builder’ was released.

• CCMB celebrated Independence Day on
August 15, 2007. Following the flag hoisting,
Dr Lalji Singh, Director, CCMB has addressed
the Staff.

• Hindi Diwas was celebrated on September 14.
Chief Guest, Padma Shri Jagdish Mittal, an
Eminent Artist and Art-Historian addressed the

Mr P Divakar
Participated in two Live Teleconferences on DD-8
(Saptagiri Telugu Channel)

• Bibliometrics and Citation Indexing (29-7-2007)

• Bibliographic Databases and Search Techiques
(17-2-2008)

Dr M V Jagannadham
• Participated in Mana TV programme for school

children to explain the importance of studying
biology.

Dr Shivaji and LaCONES staff
• Participated in several TV channel coverages on

the breakthrough results on Artificial

Insemination in Endangered Species.

Dr Imran Siddiqi
• Participated in several TV channel coverages on

the breakthrough results published in the

prestigious science journal Nature.

Dr B Jyotsna
• Participated in NAVEENA, a TV9 channel

programme for Women.

Staff and students of CCMB have participated in the

CAREER PLUS,  a weekly TV9 channel programme

on career opportunities in CSIR-UGC-NET programme

gathering, Director, CCMB, honoured the staff and
distributed prizes and a Cultural programme by
CCMB staff and students in Hindi was organized.

• CCMB observed its Open Day on September
26, 2007 as part of the CSIR Foundation Day
celebrations. Guided tours were organized for
more than 10,000 people including school and
college students to the lab facilities topped with
a Film show on CCMB. Posters and Exhibits were
also prepared depicting the ongoing scientific
activities of CCMB. At a function held in the
evening, Director, CCMB, honoured the staff and
distributed prizes to the children of staff who
participated in the Essay Writing Competition in
Hindi and English and other special prizes to
the selected staff members.

• Foundation Day was celebrated on November
26, 2007. Dr Judith Klumperman, Professor of
Cell Biology and Head of the Cell Microscopy
Center, University Medical Center (UMC)
Utrecht, Netherlands delivered the 20th

Foundation Day Lecture on Lysosome
Biogenesis in Health and Disease and the
Annual Report of the CCMB released on this
occasion by the speaker.
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• An Exhibition of Selected Paintings of Dr Lal
Ratnakar, Reader, Dept. of Drawing and Painting
(Fine Arts), M M H College, Ghaziabad, UP was
inaugurated by Dr Judith Klumperman, Chief
Guest, CCMB Foundation Day in the Centre Court
of CCMB on November 26, 2007. The paintings
were on display from 26 to 30 November, 2007.

• Member of Indian Parliamentary Standing
Committee on Science and Technology,
Environment and Forests visited CCMB on
December 18, 2007.

• CCMB observed the Republic Day on January
26, 2008. Following the flag hoisting, Dr Lalji
Singh, Director, CCMB, addressed the Staff,
released Jigyasa, the Hindi magazine on popular
and contemporary science articles, and
distributed the annual awards and other awards
and certificates to the staff on this occasion.

• On November 3 2007, CCMB had the privilege
of having Shri Kapil Sibal, Hon’ble Union
Minister for Science & Technology and
Environment as Chief Guest for the Foundation
Stone Laying Ceremony for two new buildings
to house the Clinical Research Facility (CRF)
for Stem Cells and Regenerative Medicine and
the other for the National Biosafety Level 4
Containment Facility (NBCF) at the CCMB

Annexe -2 premises, a 5-acre land, 2 Km away
from CCMB. It was indeed a landmark day for
CCMB in its relentless efforts in promoting the
world class facilities for conducting research in
infectious diseases and regenerative medicine
using stem cells.

• Prof Pasqualino Loi, University of Teramo, Italy
has delivered the first Foundation Day Lecture
of LaCONES on Cloning Endangered Species:
How Far Can We Go? In the Auditorium of the
LaCONES premises at Attapur, Rajendranagar,
Hyderabad on February 1, 2008.

• As part of the National Science Day
celebrations on February 28, a science Quiz
Programme in Hindi was organized with the
participation of CCMB staff.

• A cultural programme based in Indian Light
Classical Music Concert by Ms Arati Ankalikar
Tikekar, conceptualised by Dr M W Pandit and
anchored along with Ms Chandana Chakrabarti
was organised on July 5 on the occasion of the
Chromosome to Genome Symposium.

• A cultural evening Shaam-e-Ghazal by
Smt. Kshama Kulkarni, anchored by Dr D N
Verma with Sanjay Kulkarni on Tabla and Nand
Kumar on Sitar was organized on September 13,
2007 on the occasion of the Bioinformatics
Training Programme at the CCMB.
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IV.10 STAFF, RESEARCH STUDENTS & OTHERS (as on March 31, 2008)

Staff, Research Students & others

Ramesh K Aggarwal Group
Ramesh K Aggarwal Sc IV(5) PhD
R Phanindranath TA III(1) BSc
Raman Agrawal SRF MSc
Amit Anand SRF MSc
Simone T A E Barrett TWAS Fellow Mphil
S Vallinayagam Proj PDF PhD
Jamila H Siamwala Proj JRF MSc
Santhosh Kumari Balaji Proj Asst-II MSc
Minarbha Patel Proj Asst MSc
Jegath Janani S Proj JRF Mtech
B Sabeera Bi Proj JRF MSc
Paridhi Agrawal Proj Asst MSc

Utpal Bhadra Group
Utpal Bhadra Sc IV(4) PhD
Pallavi Ghana SRF MSc
Praveensingh B Hajeri SRF MSc
K Satya Keerthi SRF MSc
Gandhi Sumit G SRF MSc
S N C V L Pushpavalli Proj PDF MSc
L Mamatha Proj Asst MSc
M Venkatewswara Reddy Proj Asst-11 MSc
P Viajalakshmi Proj Asst-I BSc B.Ed
M Lavanya Priyadarshini Proj Asst-I MSc

Purnima Bhargava Group
Purnima Bhargava Sc IV(5) PhD
Anubhav Bhardwaj TA III(1) MSc
Sonali V Girdhari SRF MSc
Sahasransu Mahapatra SRF MSc
Aneesh Kumar A G SRF MSc
V Vinesh SRF MSc
Yatendra Kumar JRF MSc
Pooran Singh Dewari JRF MSc
Vernekar Dipti Vinayak JRF MSc
Ritesh Gupta JRF MSc
Manoj Saxena Proj Asst MSc
Devendra Kumar Maurya Proj Asst MSc

G R Chandak Group
G R Chandak Sc IV(3) MD,DNB
M Mohammed Idris Sc IV(2) PhD

K Radha Mani TO III(5) BSc
Seema Bhaskar TO III(5) M Phil
Shalini Mani SRF MSc
Sumit Paliwal JRF MSc
Swami Prakash Proj Asst-II MSc
J Charles Spurgeon Proj Asst-II MSc
S Santhosh Kumar Proj Asst-II MSc
Naresh Koneru Proj Asst-II MSc
D Pavithra Proj Asst Mphil
M V Kranti Kumar Proj Asst MSc
P Gayathri Proj Asst-II MSc
E Vikasini Proj Asst-I BSc
Smitha Parameswaran Proj Asst-I MSc

Amitabha Chattopadhyay Group
Amitabha Chattopadhyay Sc IV(5) PhD
Mohammad Jafurulla TA III(2) BSc,DMLT
Sandeep Shrivastava TA III(1) BSc
Yamuna Devi Paila SRF MSc
Pushpendra Singh SRF MSc
Sourav Haldar SRF MSc
Sourav Ganguly SRF MSc
Rajesh Prasad JRF MSc
Roopali Saxena JRF MSc
Arunima Chaudhuri JRF MSc

Prabir Kumar De Group
Prabir Kumar De Sc IV(4) PhD
Surjyo Jyoti Biswas PDF PhD
R S Srikantan SRF PhD
Ved Prakash Dubey JRF MSc

Mandar V Deshmukh Group
Mandar V Deshmukh Sc IV(2) PhD
Sonu Kumar JRF MSc
Shubhda Chamoli Proj Asst-II MSc

Jyotsna Dhawan Group
Jyotsna Dhawan Sc IV(4) PhD
A Mubarak Ali TO III(6) BSc,DMLT
Ch Varalakshmi TO III(5) MSc
B V V Pardhasaradhi TO III(4) MSc
M B Madhavi TA III(2) MSc
Soji Sebastian SRF MSc
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Sirisha Ch SRF MSc
S Prethish JRF MSc
Hardik Paresh Gala JRF MSc
M Indumathi Proj Asst-IV PhD
Joveeta Joseph Proj RA PhD
Amena Saleh Proj Asst-II MSc
S Gunasekaran Proj Asst-II MSc
K Pushpavathi Proj Asst-II MSc

Vijaya Gopal Group
Vijaya Gopal Sc IV(4) PhD

Guruprasad Grp-Bioinformatics
K Guruprasad Sc IV(4) PhD
Atul Kumar Srivastava Proj Asst-II MSc

M V Jagganadham Group
M V Jaganadham Sc IV(4) PhD

D P Kasbekar Group
D P Kasbekar Sc IV(5) PhD
Parmit Kumar Singh SRF MSc
Srividhya V Iyer SRF MSc
Ramakrishnan Mukund JRF MSc

Lekha Dinesh Kumar Group
Lekha Dinesh Kumar Sc IV(3) PhD
B Ravikiran Proj SRF MSc
A Annapurna Reddy Proj Asst MSc
B Ravi Kiran Proj Asst MSc
Mahesh Gajanan Sahare Proj JRF PhD
M Amarnath Proj JRF MSc

Satish Kumar Group
Satish Kumar Sc IV(5) PhD
Jomini Liza Stephen Sc IV(2) MVSc
Sandeep Goel Sc IV(1) PhD
D Partha Sarathi TA III(2) MSc
S Purnima Sailasree TA III(1) BSc,PGDB
M Sudhamani Proj Associate PhD
Bony De Kumar SRF MSc
Chandra Shekhar P SRF MSc
Vijay Pratap Singh SRF MSc
K Suneesh SRF MSc
Puspha JRF MSc
Anju Krishnakumar Nair Proj SRF MVSc

Sachin Singh Proj SRF MVSc
G Nishanth Proj SRF MSc
M Aravind Kumar Proj JRF MSc
G Pardha Saradhi Proj SRF MSc

Kshitish Majumdar Group
Kshitish Majumdar Sc IV(5) PhD
K Ravinder TO III(7) MSc
Tilak Ram Shrestha P G Fellow MS
Uma Maheswari N SRF MSc
P Geeta Proj JRF MSc

Rakesh K Mishra Group
Rakesh Kumar Mishra Sc IV(4) PhD
Rashmi Upadhyay Patha Sc IV(2) PhD
A Srinivasan TA III(2) BSc, DipMethBio

K Vasavirama Proj Associate PhD
D Vasanthi SRF MSc
S Krishnan SRF MSc
Hina Sultana SRF MSc
Satish K SRF MSc
Navneet K Matharu SRF MSc
Narendra Pratap Singh JRF MSc
Abhishek Kulkarni JRF MSc
M Anitha Proj RA PhD
Vivek Sarojkumar Chopra Proj Asst-IV MSc
N Usha Proj PDF MSc
Ram Parikshan Kumar Proj RA MSc
Jyotsna Singh Proj JRF MSc
P Venu Madhav Proj JRF MSc
Sayantanee Dutta Proj JRF MSc

B S N Murthy Group
B S N Murthy Sc IV(4) PhD
K R Paithankar TO III(5) MSc
G Mala TO III(5) MSc
Ch Kiran Proj Asst MSc

T Ramakrishna Murti Group
T Ramakrishna Murti Sc IV(5) PhD
Devendra Singh SRF MSc

R Nagaraj Group
R Nagaraj Sc IV(6) PhD
A Sharada Devi TO III(6) MSc
E Bhikshapathi TO III(6) MSc
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V Krishna Kumari TO III(5) PhD
C Subbalakshmi TO III(5) MSc
C Sivakama Sundari TO III(5) PhD
Sowmya B L SRF MSc
Jobin Varkey SRF MSc
Anoop Rawat SRF MSc
Nitin Chaudhary SRF B.Tech
Himanshu Sharma JRF MSc

Gopal Pande Group
Gopal Pande Sc IV(5) PhD
P Kavin Kennady Sc IV(4) MSc
P S Raju TO III(6) PhD
G Srinivas TA III(2) MSc
T Avinash Raj TA III(2)
MSc,PGMLT,PGCAQ
Abhilasha Tiwari PhD Fellow B Tech
Subhash Sista PhD Fellow MSc
Rajeswari Jinka Proj RA PhD
Azra Fatima Proj Asst MSc
S Pavana Goury Proj Asst-II MSc
Renu Kapoor Proj Asst-II MSc
K Murali Rambabu Proj Asst MSc
Sivapriya Pavuluri Proj Asst MSc
Anindita Chatterjee Proj Asst MSc

Veena K Parnaik Group
Veena K Parnaik Sc IV(6) PhD
Bh Muralikrishna TO III(6) MSc
S Thanumalayan TO III(4) MSc
Pankaj Chaturvedi SRF MSc
Ritika Gurung SRF MSc
Kirti Sinha JRF MSc
Fathima Athar JRF MSc
Naireen Fatima Proj Asst-II MSc

Anant B Patel Group
Anant Bahadur Patel Sc IV(3) PhD
K S Vardarajan TA III(1) BSc
Puneet Bagga JRF B Tech
A L Susmitha Proj Asst-II MSc

A J Rachel Group
A J Rachel Sc IV(4) PhD
B Sreedevi TA III(1) BSc

Anjali Bajpai SRF MSc
M Hema Kumara Reddy SRF MSc
Rupa Bhattacharya SRF MSc
Vipin Singh SRF MSc

V Radha Group
V Radha Sc IV(5) PhD
Aninda Mitra SRF MSc
Kunal Dayma JRF B Tech
Thiagarajan Raman Proj PDF PhD
Rajesh Kumar Gupta Proj Asst-IV PhD

Rajeshwari Ramanan Group
Rajeshwari Ramanan Sc IV(4) PhD

K Lakshmi Rao Group
K Lakshmi Rao Sc IV(2) MSc
V V Padmalatha TA III(2) BSc
T Raseswari TA III(2) BSc
M K Kanakavalli TA III(1) MSc
V V Surya Narayana SRF MSc
M Vidyadhari Proj Asst MSc
Shashank Upadhyay Proj Asst-II MSc
T Nageswara Rao Proj Asst MSc
Raju Sharon Rose Priya Proj Asst Mphil
Bineet Panda Proj Asst MSc

N Madhusudhana Rao Group
N Madhusudhana Rao Sc IV(5) PhD
A Vijaya Lakshmi Sc IV(3) MSc,MPhil
Shoeb Ahmad SRF MSc
Md Zahid Kamal SRF MSc
Poornima Y SRF MSc
Virender Kumar JRF MSc
Jennifer Xavier Proj Asst MSc
Sirisha Tatavarti Proj Asst MSc
Subhadra Rangarajan Proj Asst MSc

Ch Mohan Rao Group
Ch Mohan Rao Sc IV(6) PhD
K Sridhar Rao Sc IV(4) PhD
V Srinivas TO III(5) PhD
B Raman TO III(5) PhD
Md Faiz Ahmad SRF MSc
Bhairab Nath Singh SRF MSc
Abhay Kumar Thakur SRF MSc
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Aftab Taiyab SRF MSc
Abhishek Asthana SRF MSc
S Prabhu JRF MSc
Abdullah Sultan JRF MSc
Saad Mohammad Ahsan JRF MSc
Tirumala Kumar Chowdar Proj PDF PhD

Malay K Ray Group
Malay K Ray Sc IV(5) PhD
K Rajkumari Sc IV(4) PhD
A Leela Kumari TO III(5) MSc,B Ed
Bhubanananda Sahu SRF MSc
Pavan Kumar T L SRF M Pharma
Shaheen Sulthana SRF MSc
Pragya Mittal JRF MSc
Anurag Kumar Singh JRF MSc
Ashaq Hussain JRF MSc

Manjula Reddy Group
Manjula Reddy Sc IV(4) PhD
L Saisree TO III(6) BSc
R Naga Amrutha PDF PhD
M R Sunayana Proj Associate PhD
S Harish Proj RA PhD
S Mahalakshmi Proj Asst-II MSc

R Sankaranarayanan Group
Rajan Sankaranarayanan Sc IV(4) PhD
P Shobha Krupa Rani Sc IV(2) MSc
Biswajit Pal Sc IV(1) PhD
R Rukmini TO III(5) MSc
P Sambhavi TA III(1) MSc
Shweta Dwivedi SRF MSc
G Aparna SRF MSc
Aneesh Goyal SRF MSc
Tanweer Hussain SRF MSc
S Asfarul Haque JRF MSc
Sadeem Ahmad JRF MSc
Sushil Kumar JRF M Tech
P Kiran Kumar Proj Asst
R Megala Proj Asst MSc
Avradip Chatterjee Proj Asst-II MSc
M A Ata-ur-Rahman Proj Asst-II MSc
P Rangarajan Proj Asst-II B Tech
A Madankumar Proj Asst B Tech

Shailendra K Saxena Group
Shailendra K Saxena Sc IV(2) PhD
Ira Bhatnagar Sc IV(1) MSc
M L Arvinda Swamy TA III(1) BSc
Niraj Mishra JRF MSc
Prachi Pandey JRF MSc

L S Shashidhara Group
L S Shashidhara Sc IV(4) PhD
P Ramesh TO III(6) MCA
V Bharathi TO III(3) MSc,BEd
Pavan Kumar Agrawal JRF MSc
C B Tripura Proj Asst-IV MSc
K Ramakrishnan Proj Asst-IV PhD
M Sudha Rani Proj Asst MSc
A Jeevan Karloss Proj Asst-II MSc
T Srividya Proj Asst-II MSc

Yogendra Sharma Group
Yogendra Sharma Sc IV(4) PhD
K Kannan Sc IV(2) MSc,MTech
Amita Mishra Proj Associate MSc
V Rajani Kanth Proj Associate MSc
B Rajini Devi SRF PhD
M K Jobby SRF MSc
Aravind P SRF Bpharm
Rajeev Raman JRF MSc
Shashi Kumar Suman JRF MSc
Shanti Swaroop Srivasta JRF MSc
O G Ramprasad Proj PDF PhD
P Prameshwar Reddy Proj SRF M Tech
V Rama Ramesh Proj SRF M Pharm

S Shivaji Group
S Shivaji Sc IV(6) PhD
M K Chattopadhyay Sc IV(4) PhD
Archana Bharadwaj Sc IV(2) M Phil
G Umapathy Sc IV(2) PhD
Sadanand D Sontakke Sc IV(2) MVSc
K Kannan Sc IV(1) M.Tech
B Sambasiva Rao Sc IV(1) MVSc
Sachin Singh Sc IV(1) MVSc
P Anuradha Reddy Sc IV(1) PhD
Y Uma Mahesh Sc IV(1) PhD
U Lakshmikantan Sc IV(1) MVSc
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V R Sundereswaran TO III(5) MSc
G S N Reddy TO III(5) PhD
Zareena Begum TO III(5) MSc
Y Kameshwari TO III(5) MSc
A Sreenivas TA III(2) MSc
K Ramachandra Rao TA III(2) MSc
Ramya Sree Vellanki TA III(1) MSc
P Raghuveer Yadav JTA BSc
Vivek Kumar SRF MSc
Ashish Kumar Singh SRF MSc
Gibence H Rose Winnie SRF MSc
K Venkatesh SRF MSc
Priyanka Rai SRF MSc
Suman Pradhan Proj RA PhD
S Senthil Kumar Proj RA PhD
P Pavan Kumar Proj Astt-IV PhD
K Hara Kishore Proj Asst-IV MSc
Satish S Bhande Proj RA PhD
Akbar Ali Khan Proj RA PhD
Subhash Chandra Diyund Proj PDF MSc
Jyotsna B Proj RA MSc
Pramod N Nair Proj RA PhD
Bhaskar Bhadra Proj RA MSc
Shaik Hussian Proj JRF MSc
M S Pratibha Proj JRF MSc
Badveli Guru Sasikala Proj JRF MSc
K Srinivasu Proj SRF MSc
M Thomas Kiran Proj SRF MSc
J Archana Proj JRF MSc
B Kavya Proj JRF MSc
Ch Ramesh Proj JRF MSc
Arun Kumar Yasala Proj JRF MSc
S S S Nageswara Rao Proj Asst MSc
G Sapna Proj Asst MSc
R Ruth Manorama Proj Asst MSc
Vaibhav Singh Proj Asst-II MSc
Wasimuddin Proj Asst MSc
P Vishnu Vardhan Reddy Proj Asst MSc
Suman Komjeti Proj Asst MSc
Chandra Shekhar Singh Proj JRF MSc
S Sasi Bhushan Proj JRF MSc

Imran Siddiqi Group
Imran Siddiqi Sc IV(4) PhD
V Vijaya Bhaskar Sc IV(2) PhD
V Subbaiah TO III(5) MSc
Sebastian Andreuzza Visiting Fellow PhD
Jose Sebastian SRF MSc
T Venkata Reddy SRF MSc
Aneesh P Panoli SRF MSc
Mohan Prem Anand M SRF MSc
Vybhav Dhar JRF MSc
Dipesh Kumar Singh JRF MSc
Davda Jayeshkumar Nars JRF MSc
Bindu Nishal Proj RA PhD
M Ravi Proj PDF MSc
T Srinath Proj Asst-II MSc
R Mallika Bramaramba Proj Asst MSc

Lalji Singh Group
Lalji Singh Director PhD
N Nagesh Sc IV(4) PhD
Manoj Kumar Balyan Sc IV(2) MSc,ADB
Prachi Singh Sc IV(2) MSc,ADB
Ajay Gaur Sc IV(2) PhD
H H Krishnan Sc IV(2) PhD
Raghunand R Tirumalai Sc IV(2) PhD
Sunil Kumar Verma Sc IV(1) MSc
Sunit Kumar Singh Sc IV(1) PhD
Dinesh Ambadas Lingote Sc IV(1) MSc
G Uma Prasad TO III(7) MSc
D Lavanya TO III(3) BSc
Santosh Kumar Singh JRF MSc
Dharmendra Kumar Mish Proj Asst-II MSc
Pawan Shukla Proj Asst-II MSc
Tirthadipa Pradhan Proj Asst-II MSc

Shashi Singh Group
Shashi Singh Sc IV(4) PhD
R Kumaresan TO III(4) MSc
J Naveena Lavanya Lath PDF PhD
Manish Singh Kushwah JRF MSc
Vasudha Mamidipudi Proj PDF PhD
Samiksha Wasnik Proj Asst-II MSc
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Thejaswi Kalagara Proj Asst-II MSc
T Sudhir Gopal Proj Asst MSc

Somdatta Sinha Group
Somdatta Sinha Sc IV(6) PhD
C Suguna Sc IV(4) PhD
Ram Rup Sarkar Sc IV(2) PhD
Samit Bhattacharyya PDF PhD
Aridaman Pandit JRF B Tech
Uttam Maity Proj Asst MSc
Celia Thomas Proj Asst-II MSc
Susmita Sarkar Proj Asst MSc
Pankaj Barah Proj Asst-II MSc
Ankur Malhotra Proj Asst B Tech

Ravi Sirdeshmukh Group
R Sirdeshmukh Sc IV(5) PhD
S N Chitnis Sc IV(4) MSc
C S Sundaram Sc IV(4) PhD
Ch V B Swamy TO III(7) MSc
V M Dhople TO III(5) PhD
T Anjana Devi SRF MSc
A N Suhasini SRF MSc
Rakesh K S SRF MSc
P Ravindra Varma JRF MSc
Ayodele Qluseyi Kolawole TWAS Fellow M Tech
N S P V Krishnatej Proj Asst MSc
Poonam Gautam Proj RA MSc
N Geetha Proj Asst-II MSc
J Arun Thomas Proj Asst-II B Tech

A S Sreedhar Group
A S Sreedhar Sc IV(3) PhD
P Vanathi TO III(3) MSc
Poonam Sehgal JRF MSc
S F Neelofar Proj Asst-II MSc

Ramesh V Sonti Group
Ramesh V Sonti Sc IV(4) PhD
M R Vishnu Priya Sc IV(4) M.Tech
Hitendra Kumar Patel Sc IV(1) MSc
P Srinivasa Rao PDF PhD
Madhumita Das Gupta Proj Associate M Phil
Amit Das SRF MSc
Alok Pandey SRF MSc

Ashish Ranjan JRF MSc
M G Anil JRF MSc
Dipanwita Sinha JRF MSc
Prabhu B Patil Proj Asst-IV MSc

Ghanshyam Swarup Group
Ghanshyam Swarup Sc IV(6) PhD
Nandini Rangaraj Sc IV(4) MSc
Ch Sudhakar Sc IV(4) PhD
Nagabhushana A SRF MSc
M Madhavi SRF MSc
Yatender Kumar SRF B.Tech
Vipul Vaibhava JRF MSc
Megha Bansal JRF MSc
Kapil Sirohi JRF MSc

K Thangaraj Group
K Thangaraj Sc IV(3) PhD
A Govardhana Reddy TO III(6) BSc
P Gopalakrishna TO III(6) MSc,BEd
S Deepa Selvi Rani TO III(3) MSc,MEd
Rajender Singh SRF MSc
Arun Khattri SRF MSc
Niraj Rai JRF MSc
Aditya Nath Jha JRF MSc
Sakshi Singh JRF MSc
Nahid Akhtar Khan JRF MSc
Sheikh Nizamuddin JRF MSc
L V K S Bhaskar Proj RA PhD
Nandita Singh Proj RA PhD
Ch Annapurna Proj Asst MSc
Deepankar Pratap Singh Proj Asst MSc
Amrita Nandan Proj Asst-II MSc
Kamayani Singh Proj Asst-II MSc
Shah Anish Mayurkumar Proj Asst-II MSc
Varun Kumar Sharma Proj Asst-II MSc
P Govindaraj Proj Asst MSc
Priyamvada Proj Asst MSc
Rakesh Tamang Proj Asst-II MSc
Satya Sudheer Pydi Proj Asst MSc
M Vishwas Sharma Proj Asst MSc

Shrish Tiwari Grp-Bioinformatics
Shrish Tiwari Sc IV(2) PhD
Anshu Bhardwaj Proj RA MSc
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Tushar Vaidya Group

Tushar Vaidya Sc IV(4) PhD

Nitin C Tupperwar Sc IV(1) MVSc

Raja Nasir Ali SRF MSc

Brajesh Kumar Singh SRF MSc

Vidhi Puri SRF B.Tech

Vishal Gupta JRF MSc

Mala JRF M.Tech

G Krishna Priya Proj Asst MSc

Laboratory Assistance

Raza Ali Khan

C Narasimha

K Ganga Bhavani

V Anuradha

S Venugopal

C R Gajelli

R Suryanarayana

Ch Johnson

S Easra

P Hanumanthu

G J Devender Kumar

Mohd Sarwaruddin

Ch Viswanatham

P L Ganesan

N Chandra Mohan

Inder Deo Mali

B Yadagiri

D Laxmi Devi

Afsar Sogra

P Venugopal

K Sashi Kumar

M Sattaiah

P Ashok

T Dayakar

K Raju

P Sabitha

K Srinath

G Vidyasagar

Syed Sayeed Abdul

P Rajalingam

Instrumentation
V Sekar Ramachandran

G G Kingi

Geetha Thanu

R E C Johnson

Lora B Narayana

P Vanaja

I Asha Ramesh

J D Fernandes

Y S S V Prasad

U S T R B Bapi Raju

Mahesh Prasad

B Venkata Narayana

N Siva Rama Prasad

A Narsing Rao

Dattatrya N Gurkhel

N Ravindra Chakravarthi

Ch Pratap Kumar

A Padmavathi

S Mahalingam

K Nagamalleswara Rao

K Rama Chary

A Syam Kumar

K Sanjeev Kumar

A Bala Murugan

Sudatt T Tambe

Devender Sundi

G Giridharan

C Narahari

B Nageshwara Rao

Arif Mohammed

Prakash

D Dayalu

K Venkateswarulu

Planning, Monitoring and Evaluation (PME) Group
Mercy Joseph

Y Rama Dasu

B V Ramakrishna

D J N Prasad

K Satyanarayana

Gulzar Khan
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Publications And Public Relations
J Pitchayya Sastry

Library & Documentation
P Divakar
Nasreen Banu
P Nageshwara Rao

Project Consultants
Dr M W Pandit
Dr Om P Tucker
Mr V K Sharma

Director’s Office
P Ramam
R V Subba Rao
G Satyanarayana

Photography
Khalid S Siddiqui
Mohd Habeeb-ur-Rahma
D Ramesh

Fine Biochemicals
V V Hanumaprasad
Kishore Joshi
M C Joseph

Laboratory Technical Services
G C Thanu
A Vijayasankar
G Rajendra Prasad
P Nagalinga Chary
P Radhakrishna Murthy
K Sambasiva Rao
Peter Raymond
G Christy Wilson
A Selvam
Mani Ramana Rao
E Venkatanarsiah
M Anjaiah
Mohd Jaffer
K Yadagiri
S Krishna
P Gyaneshwar
L Laxman Dora
B M Nagesh

M A Jaleel
B Sanjeeva Rao
M Srinivasa Rao

Animal House
M Jerald Mahesh Kumar
A Rajasekharan
B Jyothi Lakshmi
Jedy Jose
K Sekhar Babu
P Shivaji
T Sreeramulu
N Dwarakanath
V Allaiah
V Babu
D Ramachander
M Ramalingaiah
R K Kulkarni
P Ravi
R Ellesh
M Nageswara Rao
B Lalaiah
N Suresh
S Kishor Kumar

Horticulture
A Veerabhadra Rao
J Narasimha Rao
W Sudhakar
V Malleshwar
M M Rajendran

General Engineering
G C Thanu
Y V Rama Rao
D Sethumadhavan
D Ramesh Kumar
L Murali
B Venugopal
K Manik Rao
N Sudhakar
R S Mahendran
M Soma Raju
Suresh Prasad
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K Venkatramana
B Balakrishna Reddy
N Narasinga Rao
K Y Das
Imam Sharif
R Mani
V Shankar Rao
C Rosaiah
B Satyanarayana
P Srinivas

AC, Refrig & Elec Engineering
M Narayan Rao
A Chandrasekhar
V Nagasurya Sarma
R K Gupta
J S Pillai
T Suryanarayana
B Vijayakumar
C Somasundaram
V Prabhakar
M A Rasheed
C Murugadoss
N Rajan
K Prabhakara Rao
S Sreehari
G Ramakrishna Chary
V Mutyalu Rao
R Venkata Rao
M P Premkumar
P Bhanumurthy
Ch Ravindra Babu
V Seshu Babu
K Somasundaram
P Bose
K Mohan
V Prabhakar
J Chandra Mohan
K Shankar
A J Narsing Rao
S Venkata Sastry
Ch Sreedhar
P Venkatarama Rao

V Chandramohan
A V Ramakrishna Reddy
A Satyanarayana
M Nagabhushanam Reddy
T Venkateswar Rao
A Ganesh
M Mazhar Ali
K Sreeram
M Padmanabhan
K Nagabhushanam
T Sambasiva Rao

Civil Engineering
P J Varghese
Ashok Baswa
Ch Bikshamaiah
Sheelwantayya
Devidas M Nikhar
A Prem Kumar
A Bakkaiah
Syed Mukthar Ali
R Koteswara Rao
M Tirumala Rao
Ananda S Pahurkar
G Ramesh
N Nagabhushanam
K Narayana
Syed Khundmier

Administration
N Prakasam
S V Sarma
D V S Sastry
R Chandrasekhar
Parnika Patnaik
K C Narender
J Venu
M V Suryanarayana Murty
K Ananth Rao
Shaheen Bano
S Mukhtar Ahmed
Assunta Pradeep
Sarala S Menon
R Gopal
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S Kanchanamala
M Ranga Rao
Y Padmavathi
C Mohan Kumar
K Madhavi

N Rajani

Hemalatha

M Subba Rao

M V Subba Rao

K Kannan

K Venkateswar

G Anand

K Satyanarayana

N Ravinder

Mohd Pasha

Mohd Ashrafuddin

Mahendra

B Ashok Kumar

B Srinivas

R Nagabhushanam

K Vijaykumar

K Pratap

Manju Singh

B Madhusudhana Reddy

C S R Venugopal Rao

Mohd Gazanfar Ali

K Krishnamacharyulu

Ravindranath

B Venkateswarulu

Ch Chandrashekar

J Anjaiah

Abdul Gafoor

R Siddaramappa

M Sharadha

C V S Padmaja

Stores & Purchase
D Chengaiah

B Srinivas

K Sreeramulu

Abdul Karim

D V Ramana Murthy

Govind Kumar Jha

K Kashinath

B Chandramouli

P Anwar Khan

D Balaji Prasad

K Gopichand

R Mallesh

S Riyasat Ali

N Suryaprakash Rao

Maqsood Ali

S Aruna

S Ambadas

K Sujatha

S S Lakshmi

K L Narasimha Rao

Sharif Abdul Aleem

C A Subramanian

Mohd Yakub Akheel

Security
K Vijayasimha Rao

T Narayana Swamy

K Nageswara Rao

C V Tirumala Rao

Finance & Accounts
L Jaya Prakash

Ch G K Murty

Ch Phani Rama Rao

V Rajesh

D S Sujatha

J Prabhakar

Ch Vijaya

R R K Wesley

V U Khade

K Rama Krishna

V V L Prasanna

Vimala Prakash

G Kumar

Medical Services
R Palnitkar

G Sujatha
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M Satyanarayana

D Venkata Rao
U V Sitaramamma
M R Ravindra Nath
T Surekha Devi

Canteen & Guest House
Anil Kumar Sahu
Y V Subbalakshmi
Vikram Kumar
M Venkatesan
P M Mani Maran
Benedict
D Ramesh

K Ramesh Babu
Abdul Kareem Qurashi

M Devendra Nath

B Sadanandam

B M Narasing Rao

Gulam Ali Mustafa

N Aruna

Mohd Athar Ali

M Tataji

R Suresh Kumar

Savitri Luhura

K Lakshmi

S Yadaiah
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Jonaki-BRIT/DAE 32P-labelled Biomolecules Laboratory

JONAKI, the Labelled Biomolecules Laboratory, is a
unit of Board of Radiation & Isotope Technology
(BRIT), Department of Atomic Energy. It is situated in
the campus of Center for Cellular & Molecular Biology
(CCMB). This laboratory is a shining example of
BRIT’s commitment to provide labeled biomolecules
and different molecular biology kits to the
biotechnologists, molecular biologists and other life
science research scientists of the country. Over a
dozen 32P / 33P labeled nucleotides and molecular
biology kits are supplied on a regular basis to various
national laboratories, universities and industries
across the country. Radioisotopes labeled nucleotides
are one of a few essential components of modern
research in biology, agriculture, healthcare, medical
sciences, biotechnology and genetic engineering. 33P
labeled nucleotide, which is also a favoured tool for
in situ hybridization, DNA sequencing and DNA chip
based gene expression studies, and is considered
as a bridge between radioisotopic and non-isotopic
labels, is currently synthesized in this laboratory and
supplied to various users.

Jonaki had started a retail outlet for nuclear medicine
cold kits one year before to support the hospitals in
the city. It had also introduced PCR Amplification kits,
nucleotide mix and Taq DNA polymerase to suit
individual needs, priced competitively and tested. Both
have been a good success.

It is constantly improvising its functioning to maintain
an excellent quality of its products and its staff is
constantly working in this direction. All the 32P/33P
nucleotides are being supplied in very good purity,
better stability and specific activity. Its molecular
biology products like Taq DNA polymerase and
Molecular Biology kits are also being supplied with
good stability and very good performance. And for
this, Jonaki is rightly placed in the campus of CCMB,
which provides the infrastructure facilities for its good
functioning and suitable scientific environment for its
growth. Jonaki is constantly working for a better growth
in the coming days through development of new
technologies and new products.

Jonaki has entered into a new business area, in the
field of molecular diagnostics through the launch of
its Gel based TB-PCR kit in August, 2008. It has also
launched nucleic acid purification kits based on silica
membrane at affordable prices to serve molecular
biologists and molecular diagnostics community
across the country without compromising with the
quality. It is preparing for extending its activities in the
field of DNA diagnostics and ELISA diagnostics.
Efforts are on for further improvisation. TB-PCR-ELISA
kit and Real Time TB-PCR kit are under clinical trial
and expected to be launched shortly. The ELISA kit
for the human thyroid hormone T3 is under clinical
trial and is also expected to be launched shortly.

List of Products:

32P Nucleotides:
1. γ 32P ATP LCP 101 2. γ 32P GTP LCP 1011
3. α 32P ATP LCP 106 4. α 32P CTP LCP 109
5. α 32P GTP LCP 107 6. α 32P UTP LCP 108
7. α 32P dATP LCP 103 8. α 32P dCTP LCP 102
9. α 32P dGTP LCP 104 10.3′5′-a 32P pCP LCP 1010
11.32P-Orthophosphoric Acid  LCP 32
The above products are available in two formulations
twice a month.

33P Nucleotides:
1. γ 33P ATP LCP 331
2. α 33P dATP LCP333
35S Amino Acids:
1. 35S Methionine LCS 1/LCS 2
2. 35S Cystein LCS 3
3. 35S Methionine-Cytein Eleg mix LCS 7
4. 35S Glutathione LCS 6
5. Protein  invivo twin label mix LCS 8

The following Molecular Biology kits are also
available.

CODE PRODUCT
LCK-1 Nick Translation Kit
LCK-2 Random Primer Kit
LCK-3 5′-End Labeling Kit
LCK-1301PCR Amplification Core Kit (100 reaction kit)
LCK-1302PCR Amplification Core Kit (50 reaction kit)
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LCK-1303PCR Amplification Core Kit (25 reaction kit)
LCK-1401PCR Amplification Core Kit (100 reaction kit)
LCK-1402PCR Amplification Core Kit (50 reaction kit)
LCK-1403PCR Amplification Core Kit (25 reaction kit)
LCK-1501 PCR DNA Labelling Kit (50 reaction kit)
LCK-1502 PCR DNA Labelling Kit (25 reaction kit)
LCK-1601 dNTP mix for PCR (1 set of 4 dNTPs in 4 x 25 µl)
LCK-1602 dNTP mix for PCR (3 set of 4 dNTPs in 4 x 25 µl)
LCK-1603 dNTP mix for PCR (5 set of 4 dNTPs in 4 x 25 µl)
LCK-1604 dNTP mix for PCR (10 set of 4 dNTPs in 4 x 25 µl)
LCE-101 Taq DNA Polymerase Enzyme (100 Units)
LCE-102 Taq DNA Polymerase Enzyme (250 Units)
LCE-103 Taq DNA Polymerase Enzyme (1000 Units)
LCE-104 Taq DNA Polymerase Enzyme (2000 – 5000 Units)
LCE-105 Taq DNA Polymerase Enzyme (7000 Units)

New Products Introduced:
CODE PRODUCT
LCK1701 M.tuberculosis PCR detection kit (25 reaction kit)
LCK 1702M.tuberculosis PCR detection kit (50 reaction kit)
LCK 18 DNA Isolation kit (Blood) (50 reaction kit)
LCK 19 DNA Isolation kit (Blood) (100 reaction kit)
LCK 20 DNA Isolation kit (Bacteria) (50 reaction kit)
LCK 21 DNA Isolation kit (Bacteria) (100 reaction kit)
LCK 22 DNA Isolation kit (Plasmid) (50 reaction kit)
LCK 23 DNA Isolation kit (Plasmid) (100 reaction kit)
LCK 24 DNA Gel Purification kit (50 reaction kit)
LCK 25 DNA Gel Purification kit (100 reaction kit)
LCK 26 PCR Product Purification kit (50 reaction kit)
LCK 27 PCR Product Purification kit (100 reaction kit)

Cold kits for formulation of 99mTc
radiopharmaceuticals

CODE PRODUCT
TCK-5 Kit for Sulphur colloid injection

Use: For scintigraphy of the
reticuloendothelial system

TCK-7 Kit for DTPA injection
Use: For renal function studies and brain
scintigraphy

TCK-15 Kit for GHA injection
Use: For renal scintigraphy

TCK-16 Kit for Phytate injection
Use: For scintigraphy of liver

TCK-30 Kit for MDP injection
Use: For bone scintigraphy

TCK-35 Kit for DMSA injection
Use: Fjor renal and tumour scintigraphy

TCK-38 Kit for Sn-Pyp injection
Use: For in vivo labeling of RBC

TCK-39 Kit for Mebrofenin injection
Use: For hepatobiliary scintigraphy

TCK-42 Kit for ECD injection
Use: For brain perfusion imaging

TCK-43 Kit for EC injection
Use: For renal dynamic function studies

TCK-50 Kit for MIBI injection
Use: For myocardial perfusion imaging

Products to be introduced shortly
1) Real time TB-PCR kit
2) TB-PCR-ELISA kit

Staff of JONAKI (as on 31-08-2008)
1. SHRI AMIRUL ISLAM, HEAD, REGIONAL CENTRE
2. SHRI R. SESHADRI
3. SMT. PAPIA HAZRA
4. DR. B.R. VARMA
5. DR. T.K.SANKARANARAYANAN
6. SHRI V.T.P. VINOD
7. SHRI N. AMBEDKAR
8. SHRI T. MUTHUKUMARAN
9. KUM SEEMA D JADHAV
11. SHRI T.K. SUDHIR
12. SMT. VASANTHI B.S.
13. SHRI M.B. KUMBHAR
14. SHRI P.B. MOREY
15. SHRI JAGDISH CHANDRA
16. SHRI K.B. SOMAN
17. SHRI S. VENKATESH
18. SHRI YAKUB ALI

Order for all the products mentioned above can be
directly placed with:

Head, Regional Centre
JONAKI, BRIT
CCMB CAMPUS, UPPAL ROAD
HYDERABAD-500 007
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