NATIONAL BRAIN RESEARCH CENTRE
Manesar, Haryana INDIA




ANNUAL REPORT
2005-2006

NATIONAL BRAIN RESEARCH CENTRE

[Deamed Linvarsiyi

An Autonomous Institute of Department of Biotechnology.
Ministry of Sclence & Technology, Govt. of India

NH-8, Manesar (Haryana), INDIA




CONTENTS

Mandate |
Objectives |
From the Director’s Diesk 3
Research Reports 5
# Dr. Nihar Ranjan Jana 7
# Dr, Shyamala Mani I3
# Prof Vijayalakshmi Ravindranath 16
# Dr. Prabodha Swain 27
# Dr. Pankaj Scth 26

# Dr. Ellora Sen 29 '
# Dr. Shiv K. Sharma ¥
# Dr. Anirban Basu 34
¥, Dr. Aditya Murthy 36
7 Dr.V, Rema 2
# Dr. Neeraj Jain 45
» Dr. Soumya lvengar 47
# Dr. Marender K. Dhingra 5l
# Dr. Nandini Chatterjee Singh 55

# Dr. Prasun Roy 59 I

» Dr. Shobini L. Rao 65 .

|
Publications 67
Presentations by NBRC Scientists 73
Distinctions, Honours & Awards 79
Externally Funded Research Projects 53
Core Facilities 87
# Distributed Information Centre (DIC) 89
# Animal Facility 90
» Digital Library 91
National Facilities 93
F DNA Micro-array Facility a3
# DNA Sequencing Facility 95
Academic Programmes a7
¥ Ph.D. Neuroscience 99
# M.Sc, Neuroscience 94
» Summer Training & Short-Term Programmes 100




Collaborations and Networking
¥ International Collaborations
# Networking

» Invited Speakers

Meetings and Workshops

People at NBRC
- Members of NBRC Society
- Governing Body
e Scientilic Advisory Committee
> Finance Committee
- Building Committee
" Academic Council
- RBoard of Studies
= M.Se. (Neuroscience) Coordination Committee Members

Annual Financial Statements




MANDATE

# Pursue basic research tounderstand brain function in health and disease.

#  Generate trained human resources with the capability to carry out inter-disciplinary research in
neuroscience,

# Promote neuroscience in India through networking among institutions across the country.

OBJECTIVES

# To undertake, aid, promote, guide and coordinate research of a high caliber in basic and
clinical neuroscience related to diseases and disorders of the nervous system.

# To develop NBRC as the national apex centre for neuroscience research and promote
neuroscience research at different centres in the country and to provide consulting services to other
institutions, agencies and industries.

# To promote, encourage and augment effective linkages, alliances and affiliations between the
Centre and WNational and International Scientific and Research Institutions, bodies,
agencies/laboratories and other orgamizations working in the field of brain and
neurosciences research.

= To establish one or more satellite centers to serve different regions of the country for efficient
achievement of the objectives of the center.

# To collect, assimilate, publish and disseminate data and information on aspects relevant 1o
neuroscience Lo the scientific community,

# To cstablish, operate and maintain state-of-the-art facilities and database for carrying rescarch
and development activities and make such facilities and database available to scientists and
researchers from all over the country and abroad,

# Toprovide for instructions and training in such other branches of leaming as the Centre deem fit.

7 To provide facilities for the advancement research and development for advancement of
learning and for dissemination of knowledge.

# To undertake extramural studies, extension programmes and beld out reach activities to
contribute to the development of society.

# To promote, develop, collaborate or otherwise assist in providing services of research, training,
consulting or guidance related to neurosciences activities comprising biological,
psychological, sociological and climical aspects.

# Todoall such other acts and things as may be necessary or desirable to further the objectives of the

Centre.




FROM THE DIRECTOR'S DESK

The human brain mediates the perception of the world around us, generates thoughts, memories, and
emotions that shape our individual personalities. The effort to understand the structure, function, and
development of the human brain represents one of the great scientific challenges. Apart from the interest
to understand how human brain performs complex functions such as learning and memory and the linking
of the mind and behaviour with brain, there are serious health related issues, such as childhood-related
disorders including developmental disorders, mental illnesses and neurodegenerative disorders, which
afflict a large number of people. Brain disorders contribute up to one-third of the total disease burden in
developing countries. Better understanding of brain in health and disease can improve the development
of our children, enrich adult life and promote graceful aging. Itis with this understanding that the National
Brain Research Centre was established as a centre of excellence with a mandate “to carry out research on
brain function in health and disease, generate highly trained human resource and evolve the centre through
anetworking approach”.

Almost 250 million people in the developing world suffer from neurological and psychiatne
disorders. The World health Organization projects in 2020 the greatest contnbutor to disability adjusted
life vear {a composite measure of man hours lost due to disability) would be brain-related disorders. The
prevalence of mental and behavioural disorders amongst children in developing and developed countries
appears to have similar incidence rates. If we take into account the increasing life expectancy of the world
population, age-related neurodegenerative disorders would potentially contribute enormously to the years
lived in disability. In fact Parkinson's disease incidence is 1% of the growing world population. Stroke is
another debilitating neurological disorder with prevalence rates of 0.5-0.8%. Recent studies have shown
that incidence of stroke in younger population (below 40 years) is higher in India.

We do not understand the etiology and pathogenic mechanisms underlying most of these brains
disorders. Most treatment strategics currently used are palliative and provide symptomatic relief. A cure I3
reverses the effects of the disease while therapy provides partial or total relief while not reversing the
disease process. Progress in brain research in recent years has provided leads for rationale therapies for
some brain disorders, and a hope that the cures are not too far away. The identification of molecules and
pathways that mediate neural function at one end of the spectrum and imaging neural activity underlying
perception and action are a few of the breathtaking advances thal would potentially enable us to offer cures
for brain disorders.

At NBRC, a multi-disciplinary group is actively engaged in understanding the pathogenesis and
progression of Neurodegenerative disorders such as Parkinson's, Alzheimer's and polyglutamine diseases.
The molecular mechanisms underlying the behavioral leaming deficit in neuro-developmental diseases
such as Angelman's syndrome is also being investigated. One of the common denominators seen in most
neurodegenerative disorders is the abnormal accumulation of proteins in the brain regions involved in the
disease processes and therefore prevention of protein aggregation has attracted considerable research
interest. Ome of the research areas at NBRC has been to identify molecular targets that can help
disageregation of the abnormally accumulated proteins. For example Huntington's disease i1s caused due
to the presence of expanded repeats of the nucleotides, 'CAG' in the protein huntingtin (also known as
polyglutamine disorder), which accumulate in the brain of diseased patients. Research at NBRC has led to
the discovery that a protein named CHIP (C terminus of Hse-70 interacting protein) associates with the
expanded polyglutamine proteins and promotes their degradation by proteasome. Overexpression of
CHIP also protects expanded polyglutamine-protein induced cell death. Another protein called BAG-1
(BCL2-associated athanogene) has been shown to be associated with the polyglutamine aggregates,
Since, BAG-1 is essential for cell survival, its association with polyglutamine aggregates might disrupt its
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normal function and thereby promotes polyglutamine-expanded protein-induced cell death. ldentificatic
ofentical pathways mvolved in the pathogenesis and progression of disease is critical for the developme
of rational therapies and cures for these devastating diseases. At a different level of analysis, resean
efforts at NBRC are also directed at understanding the behavioural implications of datmage caused |
neurodegenerative diseases that disrupt the normal functiomng of neural circuits, Such research, done
collaboration with All India Institute of Medical Sciences, has provided evidence that Parkinson's disea
patients have an impaired capacity to inhibit planned responses, a deficit that might explain their inabili
o execute a variety of voluntary behaviour.

The neuro-pharmacological effects of plants that are used in traditional system of medicine |
improving higher mental function are being examined as potential treatment for senile dementia includi
Alzheimer's disease.  Elucidation of mechanisms pertmming to learming and memory formation
molecular, cellular and behavioral levels, especially understanding what goes wrong during memu
impairment, such as Alzheimer's disease 1s another active area of research.

We realise that the most eritical component required for realising the objectives that we have
forth for ourselves is trained human resource. Therefore, from its inception, NBRC has linked its resea
with human resource development. NBRC was awarded Deemed University status in 2002 by the Hun
Resources Development Ministry based on the recommendations of the Accreditation Council of
University Grants Commission. NBRC conducts both Ph.D. and M.S¢. programmes in neuroscience.
recruit students from diverse back-ground for the Ph.D. programme including M.Sc. in any branch rel:
to neurosciences, M.B.B.S., B.E., or B.Tech or psychology recognizing that understanding brain func
requires assimilation of knowledge from multiple disciplines. The goal is to train Ph.D. students wit!
understanding of different aspects of neuroscience integrating information across traditional bounda
The M.5¢. and Ph.D). programmes at NBRC have two components — course work (including lab rotatic

and research work. The courses taught by NBRC faculty members cover the major discipline
newroscience, such as neuroanatomy, neurophysiology, neurochemistry, molecular neurobiol
development and regeneration, neurogenetics, systéms neuroscience, cognitive neuroscience, sys
and clinical neuroscience. and computational neuroscience. The encouraging response to our course
the increasing number of applicants are testimony of the enormous interest in brain research. S
preliminary resulis obtained during the last year in this respect are very promising.

NBRC, through its networking with 47 institutions has helped to promote neuroscience |
country and established multi-institutional collaborative projects with other institutions in the col
such as, I15¢., IIT Kanpur/ Mumbai, NIMHANS and AIIMS, thus, establishing a new trend of n
disciplinary rescarch involving several institutions. We have initiated a collaborative project on ster
research with the Research and Referral Hospital of the Armed Forces. It has playved a very importan
in re-witalizing brain research in the country and initiating modern neuroscience research that is b
integrative and multi-disciplinary. As we begin the fourth vear in our campus at Manesar, the sta’
students look forward to a productive future fuelled by innovative rescarch.

{Praf. V. Ravindranat
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MOLECULAR MECHANISM OF THE PATHOGENESIS OF THE CAG REPEAT

NEURODEGENERATIVE DISEASES

Principal Investigator
Research Fellows

Technical Assistant

A common pathological feature of most age
related neurodegenerative disorders including
polyglutamine diseases is the accumulation of
intracellular protein deposits as inclusion bodies,
Polyglutamine diseases are a group of familial
neursdegenerative disorders that are caused by an
abnormal expansion of CAG triplet repeats in the
coding region of the target gene. Those include
Huntington's discase (HD), dentatorubral
pallidoluysian atrophy { DEPLA), X-linked spinal
bulbar muscular atrophy (SBMA), and several
spinocerehellar ataxias (SCAL, SCA2, SCUA3Z,
SCAG, SCAT and SCAILT), All these disorders are
dominantly inherited (except SBMA),
progressive, usually begin in mid-life, and result
in severe neuronal dysfunction and neuronal cell
death in the selective region of the brain. A major
pathological hallmark of the polyglutamine
diseases is the formation of neuronal intranuclear
inclusions (NI1s) of the disease proteins that are
ubiguitinated and ofien nssociated with vanous
transeription factors, chaperones and proteasome
components. The appearance of ubiguitinated
aggregates implies an underline incapability of
the cellular chaperones and proteasome
machinery that normally functions to prevent the
accumulation of misfolded proteins. But, how the
expanded polyglutamine proteins or their
aggregates elicit a complex pathogenic responses
in the peuronal cells are not fully understood,

Major aims of this project are (1) to
ilentify and characterize the protein{s) that
specifically interact with the expanded
polyglutamine tract, (2) elucidate the mechanism
of ubiquitination of the poly() protem aggregates
and modulation of their degradation, (3)
identifying the role of mitochondria in the
polvglutamine discases pathogenesis and (4)
screening and identification of small molecules

Nihar Ranjan Jana
Anand Gaswami, Privanka Dikshit
D. Narender

for therapeutic intervention of the polyglhutamine
diseases.

This year we have observed that the
expression of expanded polyglutamine proteins
down-regulates the NF-kB-dependent
transcriptional activity, Expression of expandad
polyglutamine proteins increases the stability and
the levels of 1kB-a and its phosphorylated form.
We have also found that various NF-kB subunits
and TkB-a abermantly interacts with the expanded
polyglutamine proteins and associates with their
aggregates (Figure 1). Finally, we have shown
several NF-kB-dependent genes are down-
regulated in the expanded polyglutamine protein
expressing cells, Since NF-kB pathway plays a
very important role in cell survival, altered
regulation of this pathway in expanded
polvglutamine expressing cells might be linked
with the disease pathogenesis,

It has now been found that oxidative
stimuli and curcumin enhance the polyglutamine-
expanded truncated N-terminal huntingtin
(muotant  huntingtin) aggregation  and  mutant
huntingtin-induced cell death. Oxidative stimubi
and curcumin also leads to rapid proteasomal
dysfunction in the mutant huntingtin expressing
cells as compared 10 normal glutamine repeat
expressing cells. Over expression of CwZn
supetoxide dismutase (SOD1), Hspdl or Hsp70
reverses the oxidative stress-induced or
curcumin-induced  proteasomal malfunction,
mutant huntingtin aggregation and death of the
mutant huntimgtin expressing cells. Finally, we
show the higher levels of expression of SOD1 and
DJ-1 in the mutant huntingtin expressing cells.
Our result suggests that oxidative siress or
curcumin-induced proteasomal malfunction
might be linked with mutant huntingtin-induced
cell death.
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Publications:

Dikshit P, Goswami A, Mishea A, Nukina N,
Jann WR (2006) Curcumin enhances the
polvglutamine-expanded fruncated N-termunal
huntingtin-induced cell death by promoting
proteasomal malfunction. Biochemical and
Biophysical Research Commumcations, 3410
1323-1328.

Goswami A, Dikshit P, Mishra A, Mulherkar 5,
WNukina N, Jana, NR (2006) Oxidative stress
promotes mutant huntingtin aggregation and
mutant huntingtin-dependent cell death by
mimicking proteasomal malfunction,
Biochemical and Biophysical Research
Communications. 342; 184-190,

Jana NR. Nukina N {(2005) BAG-1 associates
with the polyglutamine-expanded huntingtin
aggregates. Neuroscience Letter, 378:171-175,

Presemtafion:

N. R. Jana. Role of ubiguitin-proteasome system
in the pathogenesis of polyglutamine diseases.
India-Japan-Korea-China workshop of
Neurobiology  and  newromformaties,  Xiamen,
China, 2003,

Funding:
Molecular mechanism of the pathogenesis of the
CAG repeats neurodegenermbive diseases, (DBT).

Muolecular mechanism of the pathogenesis of
polyglutamine diseases. (RIKEN Brain Science
Institute, Japan).

Collaborator:
Dr. Nobuyuki Nukina, RIKEN Brain Science
Institute, Japan




UNDERSTANDING THE PATHOGENIC MECHANISM OF ANGELMAN

SYNDROME

Principal Investigator

Research Fellows

Neurodevelopmental disorders are one of the
mijor problems among children not only in the
developed countries but also in the developing
countries like India. These disorders are very
common among children in India and other
SAARC countries and their incidence is on the
rise. Approximately, one in every 500 Indian
mfants have this disorder and there are about
20,000 new cases reported every vear. Both
genetic and environmental factors possibly plays
a very important role in neurodevelopmental
disorders. Exposure of pollutants to pregnant
mothers or babies and the stressful environment
might be important contributory environmental
factors. But how genetic and environmental
factors are involved in the pathogenic
mechanisms of Angelman mental retardation
syndrome (AS) and other neurodevelopmental
disorders are poorly understood and currently
there is no cffective therapy for these disorders.
Thus, new findings on AS might be applicable to
the other neurodevelopmental disorders and it is
also possible to find out a common way of
prevention and treatment, AS resembles to other
neurodevelopmental disorders like Rett
syndrome and autism. This syndrome has been
widely reported during the past 10 yvears, mainly
due to the newly discovered genetic mechanisms
underlying this disorder. There is no clear
epidemiological data about the prevalence of
these diseases in India. Since the clinical features
of AS are very similar with the Rett syndrome and
autism, it may not be diagnosed properly.

The major goal of this project is 1o
understand the molecular mechanism underlying
the pathogenesis of AS. AS 15 characterized by
sgvere mental retardation, lack of speech, ataxia,
abnormal gait, easily provoked smiling and
laughter, seizure and sleep disturbances. The
incidence of AS is estimated to be 1 in [ 5,000 with

Nilar Ranjan Jana

Amit Mishra, Sudarsana Purakayastha

most cases being sporadic, although the famalial
occurrence is not rare. The disease is caused by
maternal deletion of chromosome 15q11-gl13,
paternal uniparental disomy of chromosome 15,
umprinting defects or loss of function mutation of
the UBE3A gene (located within the 15g11-q13),
All of these mechanisms lead to absence of
functional copy of UBE3A, UBE3A géne shows
brain region-specific imprinting in human and
mice, but the mechanism behind this brain and
region specific imprinting are not known, UBE3A
encodes Eb6-AP ubiguitin protein  hgase, an
enzyme mvolved m the iniracellular protein
degradation through ubiguitin proteasome system
(UPS). But how the loss of E6-AP function 18
linked with the pathogenesis of AS 15 unknown at
present. [tis hypothesized that the AS phenotype
might be caused by failure of ubiguitination and
subsequent degradation of the variety of target
substrate proteins of E6-AP and the varous
environmental and other stress factor might have
an influence on the degradation. Therefore,
identification of substrates of E6-AP could opena
new avenue in understanding the pathogenic
mechamism of AS. In the proposed project, we
would lhike to investigate the molecular
mechanisms of the AS pathogenesis.

Major objectives of this project are (a)
dentification and characterization of new protein
substrates of E6-AP, (b) analysis of various
mutation of E6-AP (reported i AS patients) on
the ubiguitination and degradation of its substrate,
{c) regulation of the expression of UBE3A gene
under different stress conditions both in vitro cell
cultare and in vive animal models, (d) to study the
role of E6-AP in ubiguitination and degradation
of misfolded protein and the protection of cell
death onder vanous stress conditions, (e)
generation of mouse model of AS using RNAI to
study the AS pathogenesis




This year we have made a remarkable
progress in this project. We have identified three
interacting proteins of E6-AP. These are Hsp 710,
p53and p2Tkipl. We are now characterising them
in detail. The identification of Hsp70 as an
interacting pariner of E6-AP opened a new
avenue in understanding the pathogenesis of AS,
We have found that the N-terminus of E6-AP
interacts with the substrate-binding domain of
Hsp70. The interaction of Hsp70 with the E6-AP
most likely helps the E6-AP to degrade the
misfolded protein, We have proved this using
denatured luciferase or expanded polyglutamine
proteins as a misfolded substrate, We have also
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found that the expression of E6-AP is
dramatically up-regulated under different stress
conditions that is involved in the accumulation of
misfolded protemns. We are also able to reproduce
the up-regulation of E6-AP in the Huntington's
disease transgenic mice brain as well as in the
MPTP-treated mice brain. Since E6-AP 1s
mvolved i the degradation of misfolded and
damaged proteins, we suspects that AS
pathogenesis could be due to the accumulation of
misfolded and aggregated proteins, We will
explore this possibility using the mice mode] of
AS, E6-AP also has a huge implication for other
neurodegenerative diseases.




IDENTIFICATION OF THE MODULATORS OF UBIQUITIN PROTEASOME

SYSTEM

Principal Investigator -
Rescarch Fellows H

Project Assistant :

The UPS 18 the cell's principal pathway for
controlled protein degradation, The pathway has
been shown to be involved in the regulation of
eritical cellular process such as transeription, cell
evele progression, oncogenesis, growth and
development, selective elimmation of abnormal
proteins and antigen processing. Dysfunction of
the UPS has been implicated in the pathogenesis
of a number of diseases including various
neurodegenerative diseases. Therelore,
modulators of this pathway would have strong
therapeutic potential in various diseases including
cancer and neurological disorders. Currently, we
are testng the eflect of vanous compounds on
UPS based on ther structural and functional
properties, Major objective of this project 15 o
identifv the stimulators and inhibitors of the LIPS
mediated protein degradation,

Control
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Nikar Ranjan Jana

Anand Goswami, Privanka Dikshit

This vear we have adentified several
inhibitors of proteasome. Aspirin is one of them
and we have charactenized the aspirin-induced
proteasomal dysfunction in details. Aspirin and
other non-steroidal  anti-inflammatory  drugs
(NSAIDs) inhibit cell proliferation and induce
apoptosis in various cancer cell limes, which is
considered to be an important mechanism for their
anti-tumour activity and prevention of
carcinogenesis, However, the molecular
mechamisms  through which these compound
mduces apoptosis are not well understood. We
have found that treatment of aspirin to the mouse
neura 2a cells impairs the proteasome function
and causes severe mitochondnal abnormalities.
Treatment of aspirm leads 1o dose and time-
dependent decrease in the, proteasome activity
and increase in accumulations of ubigquitinated

Aispirin exposure leads to the changes of mitechondrial membrane potential, Wewro 2o cells were
tresied with aspinn [or 12 hre and then Ssubjected o O] stommg 1o -.".|-.|:.- fhe qh.ﬁnl_l{':. m
mitechondnnl membrane potetal. JO-1 15 a voltage sensitive Nuernescence dye that dedecis
specifizally the polarized mitochondrin as 8 red and the depolurized membrane heceme green



proteins in the cells, which correlates with cell
death. Aspirin exposure also results in the
increase of half-life of pdlEGFP, & maodel
substrate of proteasome, as well as vanous
intracellular  substrates like IkB-a, p53 and
p27kipl. Aspirin induced proteasomal
malfunction is responsible for the down-
regulation of NF-kB activity and ncurte
outgrowth, Finally, we have shown that aspinn
treatment causes changes in the mitochondrial
membrane potential (Figure 1) and release of
evtochrome ¢ from mitochondria, which could be
the cause or consequence of proteasomal
dysfunction. Proteasome inhibitors are
considered to be the promising anticancer agents
and recently FDA approved the first proteasome
inhibitor, Bortezomib (Velcade), for the treatment
of multiple myeloma. Therefore, aspinn has
enormous potential in the prevention and therapy
of cancer apart from its popular use as anti-
inflammatory drug.
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Publication:

Dikshit P, Goswami A, Mishra A, Chatterjee M,
Jana N R (2006), Curcumin induces the stress
response and down regulates NF-KB activation by

directly inhibiting proteasomal function.
Neurotoxicity Research. 9: 29-37.

Presentation:

S. Purkayastha, P. Dikshit and N. R. Jana,
Curcumin disrupt the function of ubiquitin
proteasome system. Annual conference of Indian
Association of Biomedical Scientists, Kolkata,
2005,




REGULATION OF NEUROGENESIS IN THE CEREBELLUM

Principal Investigator

Research Fellow Rashmi Mishra

GAP-43 15 a major neuronal protein that is
required for assembly of a functional cerebral
cortex in vertebrates. We now show that failure to
express GAP-43 in vivo also disrupts cerebellar
patterning. The defect 15 100% penetrant in GAP-
43 (-/-) mice. These mice also show a 50%
reduction in cerebellar size. Developmental
analysis demonstrated that absence of GAP-43
had multiple effects: in the cerebellar
neuroepithelium Purkinje cells differentiated
prematurely, and migrated inappropriately.
thereby affecting positioning of the deep
cerebellar nuclei, In the germinal trigone and
external granule laver granule cell response (o
sonic hedgehog was inhibited reducing cell
proliferation and giving rise to abnormal foliation.
Inhibition of granule cell migration leads to
ectopia formation, Finally GAP-43 was also
expressed by a subset of climbing fibers and its

Shvamala Mani

absence resulted in abnormal mediolateral
patterning of the Purkinje cells together with
defects in the arborization of their dendrites. As a
consequence of these distuptions to the functional
circuiiry of the cerebellum, GAP-43 (-/-) mice are
severely ataxic. Moreover, the restriction of the
most robust abnormalities to the central zone
suggests that GAP-43 mediated signaling may
define a functional compartment in the normal
cerebellum.

Funding:

This work is supported by a FIRCA-NIH grant as
well as intramural support.

Callaborator:
Karina Mein, Tufts University
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INVESTIGATION OF THE MECHANISMS BY WHICH EMBRYONIC 5TEM
CELLS DIFFERENTIATE INTO DISTINCT NEURONAL SUBTYPES

Principal Investigator
Research Fellows

Project Assistant Meena A.5.

In the central nervous system (CNS) gencration of

phenotypic diversity within the nearonal hineage
15 precisely regulated mm a spatial and temporal
fashion. Newral basic helix- loop- helix (BHLH)
transcription factors are cell intrinsic factors that
control commitment to neuronal lineage and play
an important role in neuronal cell tvpe
specification. The ability to differentiate human
embryonic stem (hES) cells into neurons provides
a good model system to address human neuronal
specification. Previous studies have shown
neurogenin 2 (Ngn2} to be mmvolved m the
development of mesencephalic dopaminergic
neurgns. Towards the goal of correlating neuronal
phenatype with early gene expression patiern we
have characterized the expression of Ngn2 during
hES cell differentiation, Our results show that
treatment of embrvoid bodies (EB) with retinoic
acid (RA) leads to the greatest proportion of
tyrosine hydroxylase ( TH) positive cells followed

iy {li}
TH mRNA levels
in differentiated cells
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Shvamala Mani

Manoj Kumar, Bandita Bagchi

b vaspactive intestinal peptide (VIP) treated
EB and untreated EB. This merease in the
proportion of TH positive neurons was
comelated with the unigue morphology of RA
treated aggregates and the spatial de-
localization of the expression of Ngn2 within
the EB. Neurospheres (NS} derived from RA
treated EB contained many nestin positive
cells within regions that expressed Ngn2.
Therefore thus data seems 1o suggest that the
appearance of TH positive neurons 1s
correlated with the extent of overlap between
MNgn2 expression and nestin expression. This
is being investigated further.

Publicatfons:

Kumar M, Bagchi B, Gupta SK, Meena AS,
Ciressens P, Mani S. Extent of expression of
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Figure: Apprarance of tyrosine bydroxylase positive neurons is dependent on embryoid body treatment.

{1} Sdarting guantity {30} value obisined by real time PCR of tyrosine hvdroxylase (TH) levels noemalized to
Neuron Specific Enolase. Mean of three experiments with replicates for each experimient. (i) Differentiazed
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neurogenin 2 and nestin in embryoid bodies and

neurospheres correlates with the proportion of

dopaminergic neurons derived from human ES
cells. Stem Cells ( Submitted )

Bagchi B, Kumar M, Mani § (2006) CMV
promotor activity during ES cell differentiation -
potential msight mte embryonic stem cell
differentiation.  Cell Biology International,
30:505-13

Cazillis M, Rasika 8, Mam 5, Gressens P,
Leliévre V (2006) In vitro mduction of neural
differentiation of embryvonic stem (ES) cells
closely mimics embryonic brain development
Pediatric Reviews 50: 48-53

Funding:
This work is supported by a grant from DBT as
well as intramural support.
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CYTOCHROMES P450 DEPENDENT METABOLISM OF DRUGS IN BRAIN

Principal Investigator
Research Fellows
Technical Assistant ;

Lab Assistant P Manish

Cytochrome P450 (P450) and associated
monooxygenases, a family of heme proteins are
the principal class of drug metabolizing enzymes.
A supergene family encodes them and the
member proteins exist as multiple forms having
distinct yet overlapping substrate specificities.
Multiple forms of P450, which are selectively
induced or inhibited by a variety of drugs, are
known to exist m liver, the major organ involved
in P450 mediated metabolism. However, the
potential to generate active metabolite(s) at the
site of action has generated interest in
extrahepatic P450. This has prompied extensive
investigations into the xenobiotic metabolizing
capability of extrahepatic organs, such as lung,
kidney, skin and nasal epithelium and the far-
reaching consequences of such metabolism, in
situ, within specific cells in target organs have
been recognized. The preferential localization of
drug metabolizing enzymes within specific cell
types in these organs renders such cells significant
capability to metabolize drugs. Thus, even minor
metabolic pathways of xenobiohic metabolism
can produce major effects if they take place at the
site of action. These observations have prompted
imvestigation into P450 associated
moneoxygenases in brain with an effort to
determine the capability of the brain to metabolize
psychoactive drugs. P450 mediated metabohism
of psychoactive drugs directly in the brain can
lead to local pharmacological modulation at the
site of action and result in vanable drug response.

We found mtnnsic differences in the
metabolism of certain drugs in brain and liver.
Further investigation revealed the presence of
umgue P450 enzymes mn the bram that are
generated through altemate sphemng.  For
example, a frame-shift mutation generated an
open reading frame in the pseudogene, CYP2D7
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and an alternate spliced functional transcript
of CYP2D7 containing partial inclusion of
intron 6 was identified in human brain but not
n liver or kidnev from the same individual,
The brain vanant CYP2DT metabolized
codeine exclusively to morphine unlike
CYP2Dé6 that metabolizes codemne to nor-
codeine (major metabolite) and morphine
(minor metabolite). CYPLIAL 15 a P450
enzyme that bioactivates polycyclic aromatic
hydrocarbons (o reactive metabolites, which
bind to DNA and initiate carcinogenesis, We
wentified a umque sphee vanant of CYPIAL
that lacks &7 bp of exon 6. This variant did
not metabolize polyeyeclic aromatic
hydrocarbons such as, benzola)pyrene and 3-
methyl cholanthrene to genotoxie, ultimate
carcinogens that form DNA adducts unlike
the wild type CYPIAL. Thus, unigue P450
enzymes in human brain are generated by
alternate splicing and mediate
biotransformation reactions that arc
dissimilar from known pathways in liver.

CYP3A 15 a very important family of
P450 enzymes since it 1s responsible for the
metabolism of a vast majority of drugs
currently used. OF the several members of
this family, in human liver CYP3A4 is the
major P450 enzyme accounting for up to 70%
of the total P450 while CYP3A43 13
expressed in very small amounts. We had
carhier noted distinet differences n  the
P4503 A medhated metabolism of drugs such
as, alprazolam in the brain as compared o
liver. We, therefore, examined the presence
of CYP3A vanants in human brain, We
identified 3 vanants having deletion of exon 7
{149 bps) and exon 8 (12 bps) both of which
would result in premature fermination, A




third variant having deletion of exon 12 (12 bp)
was also identified, which could potentially
translate into a functional protein. This s
currently being investigated further.

Since there 1s considerable vanation in the
metabolism of drugs metabolized by CYP3A
family between liver and brain, we quantitated the
relative amounts of CYP3A4 and CYP1A43
using real ime PCR. In the liver, expression of

-

CYPia43 was very low and accounted about
0% of the CYP3IA4 levels, However, in a
majority of the pestmortem human brain samples
examined, the expression of CYPIA43 was
significantly higher than that seen m hver
CYP3IA43 is expressed in far higher amounts in
brain compared to liver and could potentially play
an important role in metabolism of drugs. The
metabolism of psychoactive drugs by CYP3IA4
and CYPIA43 18 being examined,

Immunofluorescence localization of PA503A m human briin hppocampus and midbrain using
antizerum to PAF03AL4, (a) Immunosiining of CAL pyramidel neorons indicating the presence of

P4A03A (b Higher magnification of the immunaestaingd newrens showing the staining of the axons;

Har = 25 pm, (¢} Imimimostamnimig ol reticulor sewrons in the madbroin mdicotong the presence of

P33 Awasobserved; Bar= 1 pm. (d) Highermagnification of the reticular neurons; Bar=25 pm,
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Cytochrome P4501A1 Vanant Generated By
Alternate Splicing; Cloning, Expression And
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at the l4th International Conference on
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PROTEIN THIOL HOMEOSTASIS AND MITOCHONDRIAL DYSFUNCTION

IN NEURODEGENERATION

Principal Investigator

Post Doctoral Fellow C. Koumar

Research Fellows

Project Assistant Sujanitha

Brain related disorders are known to contribute up
o one-third of the total disease burden in both
developed and developing countnes. Among the
brain related disorders, which comprise of both
neurological and psychiatric illnesses, a cause of
serious concern are the age-related disorders such
as, Alzheimer's disease and Parkinson's discase,
These disorders are progressive and imeversible,
and currently no cure is available since the
etiopathogenesis of these disorders are poorly
understood. Of particular concern, with reference
o our country is the fact that with increasing
longevity of life, the demographic profile of the
country is rapidly changing and a significant
proportion of our population would consist of
aged individuals,

Parkinson's disease is characterized by
loss of dopaminergic neurons in the substantia
nigra pars compacta (SNPC), Our overall aim is
to understand selective wvulnerability of
dopaminergic neurons of substantia nigra to

V. Ravindranath

Smitha Karunakaran, Uzma Saeed, Latha Diwvakar

oxidative stress, which has been implicated as a
major factor in the pathogenesis and progression
of Parkinson’s disease. In brain, oxidative stress
results in loss of glutathione (GSH) and formation
of protein glutathione mixed disulfides (PrSSG)
at available cysteine residues, Perturbation of
protein thiol homoeostasis leads to altered cell
signaling. Loss of GSH and increase in Pr83G
are early events in |-Methyl-dphenvi-1,2,3.6-
tentrahydropyridine (MPTP) mediated
dopaminergic cell loss in SNpc in the mouse
model of Parkinson’s disease. Pretreatment with
a thiol-delivery agent, alpha-lipoic acid prior 1o
MPTP treatment for 8 days protected agamnst
complex | depletion and attenuated cell loss in
SNpe.  We next examined the mechanism
underlving alpha-lipoic acid (ALA) -mediated
protection against MPTP toxicity by studying the
early signal transduction cascade. Perturbation of
the protemn thiol homeostasis by MPTP was
accompanied by activation of key cell death
pathways at early tume penods after a smgle dose

Fig: Activation of apoplosis signal regulating kinase LASK | Jin the substaniia nigra pars compacia neurons

{5Mpchin anpnimol model of Parkinson's diseasze



of MPTP. We observed the translocation of the
death associated protein, Daxx from nucleus to
cytoplasm, Since Daxx interacts with apoptosis
gignal regulating kinase 1 (ASKI!) in the
cvtoplasm, we examined ASK] activation and
found increased activation of ASKI, and
downstream kinases phosphorylated by ASKI.
Thus, we observed increased phosphorylation of
MEKK4 and c-Jun-N-terminal kinase
(SAPE/INEK). Pretreatment with ALA abolished
translocation of Daxx and activation of ASKI,
MEKK4 and INK. In animals treated with MPTP
for 8 davs, we observed the translocation of Daxx
from the nucleus to the cytoplasm in the SNpc
neurons but not in the reticulata, This was
abrogated in ammals pretreated with ALA. Our
studies demonstrate that exposure o MPTP
activates redox sensitive death signaling cascade,
in vive, through activation of the
Daxx/ASK1/INK pathway in ventral midbrain,
which can be prevented by maintaining the redox
homeostasis through pretreatment with thiol
delivery agents suchas ALA.

Ph.D. Thesis (Awarded) - Latha Diwakar
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UNDERSTANDING THE ROLE OF TRAMNSCRIPTION FACTORS IN THE
DIFFERENTIATION OF PHOTORECEPTORS AND RELATED RETINOPATHIES

Principal Investigator : Prabodha Swain

Post Doctoral Fellow Madhumita Ghosh
Research Fellows :

M. S¢ Student

Sandeep Kumar, Divarmesh Faiel

Pranov (heror
Retina 15 one of the specialized tissues of eve that exists inthe retina.
captures and processes light into chemical signals
perceived us vision in the higher centers of brain,
Photoreceptors ore the sensory  neurons  that
primarily capture light and perform photo
transduction reactions in the retina.  In
mamimalian  retina, there are two distinet
populatons of photoreceptor cells known as rod
and cones, Each of these photoreceptors has
distinet eellubar architecture and function m terms
of sensitivity to light. Characteristically rods are
sensitive w0 dim-light viston with low special
acuity, whereas cone requires bright light for high
special acuity and color vision m mammals.

In order to understand the role of different
signaling pathways in the expression of NRL,
retinal explants or whole mice eyes were treated
with different kinase inhibitors and western blot
analysis of the total protein was performed to
study the expression profile of Nrl in the treated
tissues. Retinal explants treated with SB203580, a
p3R inhibitor produced signilicant alieration in
the expression of the Nrl-phosphe  isoforms
{mouse homologue of NRL}), where as,
expression of Nrl in U126 or DMSD treated
explants produced negligible changes in the
protein profile. The lack of changes in the protein

Generally, differentiation and functioning of
retinal  photoreceptors  requires thousands of

profile of Wl can be interpreted as cither the result
of poor sensitivity of Western blot analysis in

Few of such transeription Taciors incuding
Meursl Reting Leucine zipper (NRL) and
Photoreceptor specific Nuclear Receptor (PNR)
have been implicated m the regulation of
differentiation and subsequent maintenance of the
photoreceptors in the retina. Seveéral mutations in
both NRL and PNR genes have been identified in
autosomal retinitis pigmentosa and other retimal
diseases that alter the expression of cone
phutuiceeptors along with the expected loss of rod
photoreceptor function in the affected retina.
Such reversal of photoreceptor function indicates
an inter-relation between the functions of
photoreceptors irrespective of the photoreceptor-
specific expression of the transcription factors. In
order to understand the molecular role of these
transcription factors, we adopted a multi-plunged
approach to unravel the molecular interaction of
NEL with other proteins that are present in the
pestnatal retina. Further, phosphoryiation of NRL
as u targer of different cellular signaling pathways

distegiime sabthe chanazs W the thosthondation

of Xl expressed i the Kinase mnionor weated
vetinal explams or activation of other signaling
pathways by U126 that compensates the loss of
NERL-phosphorylation produced by the mhibihon
of MEKI1/2-dependent signaling pathway,
However, the loss of activated-Mapk2 (mouse
homologue of MAPKZ) expressed in UD126
treated retina suggests that the concentration of
inhthitor used 15 sufficient enough to produce
complete inhibition of the activated MEK1/2-
dependent pathway in the treated reting, Since
more than one ghutamine synthetase Kinase-3
{GSK3) phosphorylation sites 15 present close 10
the MAPK-dependent phosphorylation sites of
NRL, any change in the domain due to loss of
MAPK-dependent phosphoryiation can be easily
compensated by activated (GSK3)-dependent
phosphorylation of Nrl. U126 is known to
activate phosphatidy| inositol-3 (P13) signaling
pathway which activates GSK3-mediated
phosphorylation in other tissues. Also, since more




than one sites of phosphorylation present in Nrl,
mactivation of a smgle phosphorylatton site or
inhibitton of & single kinase ¢an produce
unpredictable effects depending on the kinases
present in the particular developmental window
of retina in mice. Different experiments suggest
that phosphorylation of Nrl observed m retina is
the cumulative effect of different MAPKs
expressed in the spatial window of developing
retina.

To determine if the expression of Mapks
phosphorylating Nrl changes at different
postnatal stages of the developimg mice retina,
mmmunoblot analyses of the total retinal protein
were performed using specific MAPKs
antibodies. Westernblot analysis showed an
enhanced expression of activated Mapk2/Erk2 in
all retinal lysate up to PN 3.5 and the expression
was reduced and mamtained at a basal level n
subsequent days in the retinal development. Since
expression analysis of the kinases in total protein
15 not the true representation of the localizetion in
different lavers of retinal cells, we performed
fluorescence microscopy to localize the

expression of activated Mapk2 and Nrl i age
matched retinal ‘sections. The confocal
micrographs show strong expression of phospho-
Mapk2 in most of the inner retinal layers
including ganglion cells immediately after birth
(PN 0.5). The expression level 15 dramatically
enhanced m outer retinal layers immediately after
PN 3.5 and found co-expressed in neuroblasts
expressing Nrl and rhodopsin {at PN 3.5)
predominating the outer retinal lavers of
developmg mice. The expression of both Nrl and
phospho-Mapk2 m retinal neuroblasts much
before the spatio-temporal migration to for
mmature photoreceptors implies the important
role ol Mapk-mediated Nrl-phosphoryiation in
the development of photoreceptors in mice retina.

The relevance of NRL-phosphorylation
mediated by MAPKs 18 further substantiated by
the fact that mutation (S50T/A or P5S1IL) in the
transactivation domain of NRL altered activated
MAPKs-dependent  phospharylation of the
protein, o vitro, Indirectly, NRL-mediated
transactivation of rhodopsin mimimal promoter
was ialso atfected when MAPKs specific signaling

Co-Expression of Yb-1 and Thy1 in Mouse Retina

1 +— Outer retinal Layers

Inner retinal Layers

Co-gxpressiom ol ¥h=1{green) and thy- | {red] in postmatal day-3 mouse retina, Further stisfies wall
focus on the effect of NRL-phosphorylation in the interaction with eaber retinal pregeins, Effect of
CaME 11 medated phosphoryletion on the recently tdentified NRL-mutatins associied with
clumpest pigmentary resinn] degeneration will nlso be investigased




pathways were inhibited in the transfected cells
used in the luciferase-based rhodopsin promoter
transactivation assay. Retinal explants treated
with kinase inhibitors also affected the
transcription of NRL in vitro. Analysis of the NRL
interaction with other heterodimenzing partners
expressed in retina showed that NRL interacts
with leucine zipper containing proteins by zipper-
zipper dimerization. Interaction with TBP
produced a much stronger interaction with the
leucine zipper domain of NRL suggesting that
multiple domains are invelved in NRL-TBP
interaction in vitro, Phosphorylation may have a
major role in stabilizing such interactions; simce
the CaMK [l mediated phosphorylation sites
localized to the carboxyl terminal half of the NRL
shown to induce auto-phosphorylation m NRL
itself. Also, some of the mutations associated with
recently idennified clumped pigmentary retinal
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degencration altered potential CaME 11
phosphorylation sites in NRL.

The interaction between NRL and YB-|
was confirmed by reverse pull-down assay. The
interaction domain in NRL is confined to the
carboxyl terminal half of NRL, more precisely on
the first half of the NRL-zipper domain, where as
m YB-1, the region invelved in NRL-interaction
is confined to 45-203 amino acids of the protein. A
specific antibody was rased against GST-YB-1
fusion protein. Mice retimal sections stamed with
Y B-1 antibodies localized the protein in multiple
layers of retina including photoreceptors.

Funding:
This work is supported by a grant from DBT.




EFFECT OF NEURAL GENE(S) IN DIFFERENTIATION OF RETINAL CELLS

Principal Investigator
Technical Assistant

Project Assistant

The major objective of the study is to establish an
alternate cell culture model that will help the
study of pathways activated by the individual
retina specific transcription factor. Neural cell
differentiation 15 regulated by both intrinsic and
extrinsic factors. These factors induce
programmed differentiation to generate distinct
neural cell types in retina as well as other part of
brain. Besides transcription factors different cell
cycle molecules also have a major role in the
successive steps of differentiation and fate
determination of retinal cells. Differentiation of
retinal neurons is stage specific. Cell lineage and
birth date analysis in rodents sugpest ganglion
cells are generated early in the embryonic stages,;
followed by the amacrine, cone and horizontal
cells during mid gestation and rod, bipolar and
glia are generated at late embryonic stages.
Identification of stage specific factor(s) can
potentially seérve as markers for one or more
retinal cell progenitors, Identification of any such
marker of photoreceptor progenitors will be an
important tool to charactenize and purify such
cells from the mixed population of mitotic retinzal
cells. These cells can be mduced by specific
extrinsic factors (like FGF, SHH, taurine and
retinoic acid) to produce post-mitotic
photoreceptors, These progenitors with limited
mitotic activity then can be used as potential
replacements for photoreceptors in damaged
retinae,

Prabodha Swain
Sanjay Kumar

Sushmita Richong

Some recent findings sugpest that ins
cells can produce retina specific factors when
induced with specihic retinal genes. Smee s and
reting onginate from the same inner layer of the
oplic cup in embryonic retina, it promises to be an
miteresting model to study the specific pathways
that can be tnggered by the introduction of retina
specific factors.

To understand the role of NRL in the
proliferating Ins cells, different constructs of
NRL with or without EGFP tags were expressed
m the bovine or mice Ins cells and transfected
cells were analyzed for the expression of NRL and
mcorporated BrdU by immuno-histochemistry.
After careful analysis, 1t was observed that
expression of NRL reduces the incorporation of
BrdU in the transfected Iris cells suggesting role
of NRL in the mitotic arrest or proliferation of the
expressed cells. Tdentical properties were also
observed in neuronal cell of mice or even in
primary brain cells. We are currently analyzing
the effect of kinase mhibitors in the nucleo-
cytoplasmic shuttling of the NRL mn the
dissociated Iris cells. Such experiments are
performed to substantiate the preliminary resulls
on retinal explants that show nuclear localization
of NRL was impaired when treated with specific
kinase imhibitors in vivo.
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CELLULAR AND MOLECULAR MECHANISMS IN NEUROBIOLOGY OF HIV-1

Principal Investigator Pankaj Seth

Research Fellow

Project Assistant &, Vitrevel

Technical Assistant

A precise understanding of the celluiar and
molecular events of virus-cell interactions during
the course of infection is important for defining o
disease and developing potential therapies, Cell
culture svstems dernved from human fetal brain
cells are being developed to investigate viral-cell
nteractions. Our laboratory is working towards
the goal for establishing a novel cell culture
system of human UNS progenitor eells that may
be used as a tool to investigate virus induced
neuropathogenesis. The culture system will have
the ability to be maintamed in an undifTerentiated
state or can be differentiated into haghly purified
populations of neurons or astrocytes for their use
to investigate the pathogenesis of human
neuratropic viruses, like HIV-1,

AIDS has evolved into a global epidemic
that affects more than 40 million people
worldwide and around 5.2 million individuals in
India, In later stages of the disease, HIV-]
infection often results in neuwrological
complications of central as well as peripheral
nervous system and s referred 1o a5 human
immunodeficiency wvirus (HIV-) associated
dementia (HAD) or AIDS dementia complex
{ADC). HIV-associated dementia 1s an important
complication of the central nervous system in
HIV-1 infected patients and clinically it involves
varying degree of neurological and psychiatric
symptoms. The world wide incidence of HIV-
associated dementia has been reported to be more
than 30% of AIDS population. In India, it 1s often
debated ifthere is a low incidence of HAD / ADC,
however there is only limited data to suggest if
that is really the case. HIV-1 causes CNS
pathology by the vinon itself and its viral proteins.
HIV-1 transactivating protein Tat has been found
o be neurotoxic. The genetic variation of HIV-|
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has led to the classification of viral strains into
phylogenetically distinct groups and subtypes
that complicate our current understanding of HIV-
| infections and therr management. Recently,
different clades (A-J) of HIV have been reported,
of which clade-C is being implicated for around
50% of AIDS cases worldwide, and more than
906 in India, Most of our current knowledge on
HIV-1 induced CNS complications is based on
studies with HIV-1B and limited information is
available as 1o how HIV-IC affects brain
functioming im HIV infected individuals.
Considering the large number of HIV-1 carriers in
India, it calls for research studies in this emerging
area of neurodegenerative disorders.

Al the NeuroAlLDS laboratory at NBRC,
we are using human fetal ONS progenitor cells to
mvestigate the effect of viral protein Tat B and C
on various parameters to predict its role in HIV-1
neuropathogenesis. We treated human fetal CNS
progenitors cells, differentisting NS progenitors
cells into astrocytes, fully differentiated
astrocytes and fully differentiated neurons with
HIV-1 Tat B and C and carried out
cyvtoking/chemokines assayvs in  supernatants
using ELISA and cvtokine bead amray, as well as
immunostained these cells for TUNEL
assay/caspase-3 to study the effect of the viral
profein on apoplosis, Our findings suggest that
there 15 an increase in the production of monocyte
chemoattractive protein-1 (MCP-1) from most of
the human astrocyte culture systems following
Tat treatments and the increase i MCP-1
production from Tat C is fess robust as compared
to Tat B. Our experiments with Tat B and C on
human neurons differentiated from human CNS
progenitor cells reveal that neurons exposed 1o Tat
' show attenuated neuronal apoptosis as



compared to the neurons that were exposed 10 Tat
B. We are looking into possibility of using these
primary cultures for infection with HIV-1 Band C
strain in collaboration at laboratories with BL-2
plus/BL-3 facihity for studying how the viron
effect these cells, particularly the human neurons
lhese studies are expected to provide an insight
into different neuropathogenesis mechanisms by
twa cdhifferent clades (HIV-1 clade B and C) that
affect the majority of AIDS population around the
world

In addition 1o this, we have established
mufti-potential buman CNS progenitor cell

culture system 1o be used to investigate viral
pathogenesis of neurotropic viruses. We culture
these human fetal CNS progenitor cells as
suspended cultures as neurospheres (Figure [A),
or a5 adhered cultures as monolayers, We have
investigated the temporal expression of these cell
specific markers o gain insight into the
differentiation timelines so that we can use these
cells for our studies with HIV transactivating
protemn Tat during diflerentiation, Detarled
characterization of this cell culture syvstem,
particularly of the neurons so developed is in

Progress,

AJ Confocal images of a bumai peanospherns
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Figure: Human fetal neurnspheres,
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STUDY OF THE SIGNALING CASCADES INVOLVED IN THE PROLIFERATION
AND DIFFERENTIATION OF CANCER STEM CELLS IN GLIOBLASTOMA,

Principal Investigator :

Ciliomas of astrocvtic, oligodendroglial and

ependymal prigin are the most common type of

primary UNS neoplasm accounting for more than
T of all brain tumors. Glioblastoma
multiformes (GBM ) represents one of the most
malignant brain tumors characterized by intense
proliferation, widespread invasion of poorly
differenhiated cells and poor prognosis. Primarily
because of its difTuse nature, there is no effective
treatment for GBM. and relatively little is known
abott s 1|'.|1'EE|'| OECICSEE and !'I'II'Il:I_L".IZ'!H.I'l[ Progressao.
Tumor initiating cancer stem cells (CSC),
endowed with all the cardmal features of neural
stemn cells such as self-renewal and multipoténcy
have been found within GBM. Modeling of
gliomas by genetic manipulation of mice suggests
that deregulation of signaling pathways that
control  ghogenesis during normal brain

Ellora Sen

development. such as the differentiation of neural
stem cells (NSCs) into astrocytes, might
contribute to GBM. (GBM represents a collection
of ghal progemitors that are trapped m an
undifferentiated and proliferative state. Thus,
differentiation and glioma formation appear to be
integrally related. Accumulating evidence
suggests that GBEM may arse from the mability of
these CSCs to differentiate. Besides,
undifferentiated CSC within GBM may have
mcreased oncogenic podential due to signaling
abnormalities leading to their inability 1w
differeniate

All forms of cancer arise (rom
disturbances of entical cellular functions such as
proliferation and apoptosis. Both stem cells and
cancer cells are capable of unlimited proliferation.
Neural stem cells and lineage restricted

Cancer stem cebls Balated Trom a Glioblastoma cell Tine
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progemitor cells possess features of cancer cells of
the CNS such as proliferative potential and
diversity of progeny. Importantly, the same
cellular pathways that are active in gliomas
regulate NSC fate. These pathways include
growth factor-induced signal transduction routes
and processes that control cell eyele progression
and recent data indicate that combinations of
mutations in these pathwavs may contribute to
GBM formaten. Hypoxia appears oo maintamn
stemn cells in a state where a limited proliferation
15 allowed but not its differentistion towards
committed progenitors. Whenever hypoxia is a
key feature of stem cell niches m vivo, the balance
between differentiation and selt-renewal 15 m
favor of the latter. Not only are undifferentiated
neural progenitors more sensitive o oncogenic
transformation than differentiated cells, but also
differentiated astrocytes are relabvely less
sensitive 1o the effect of specific signaling
ahnormalities than undifferentiated neural
progenitors. In the light of the growing conviction
that GBM contains stem cells, identifving the
intrinsic coewitnes that regulate gene programis)
mvolved m determimming CSC fate decision
{maintenance vs, differentiation), will be
instrumental towards understanding the
pathopenesis of this disease.

The presence of hvpoxic regions within
GBM 15 associated with mereased mahgnancy
and poor prognosis. Hypoxia has also been

3

implicated i mamtamming N5C i a proliferative
stage by preventing its differentiation towards
committed progenitors. As hypoxia is known 1o
regulate the balance between differentiation and
proliferation of stem cells and since
differentiation of C5Cs and glioma formation is
integrally related, the focus of the laboratory is to
mvestigate whether hypoxia modulates signaling
pathways and chromatin modifiers that regulate
the fate of C5Cs between proliferation and
differentiation. This study will enhance our
fundamental understanding of (i) the signaling
pathways that maintain CSC in an
undifferentiated state (i) whether hypoxia
orchestrates the increased proliferation of CSC at
the expense of differentiation (iii) signals that are
aberrantly expressed during hypoxia that
contributes to the oncogenic conversion of CSCs.
The ultimate goal of this proposal is to identify the
molecular signals that coordinate the
differentiation of the CSCs so that these signals
can be pharmacologically manipulated or
mimicked to enhance the differentiation potential
of CSCs within GBM.

Funding:

Study of the signaling caseades involved in the
proliferation and differentiation of cancer stem
ceils in Glioblastoma (DBT),




OLIGODENDROCYTE DIFFERENTIATION FROM NEURAL STEM CELLS:

IMPLICATION IN CNS REPAIR

Principal Investigator Ellora Sen

Nearal stem cell (NSCs) in the mammalian
central nervous system (CNS) are defined as those
cells having the ability o self-renew as well as to
maintain the potential of generating all three
major cell types of the CNS: neurons, astrocytes
and oligodendrocytes. Neural Stem Cell research
has recently garnered significant momentum due
to the extraordinary potential subscribed to NSCs
in the repair of the damaged nervous system,
Perinatal Hypoxic/Ischemic (H/1) brain injury is a
major cause of morbidity resulting from
premature birth. One of the histopathological
hallmarks of perinatal hypoxic injury is
permanent deficit in white matter
oligodendrocyte: The resulting dysgenesis that
pecurs subsequent to perinatal H/l contributes to
cognitive and motor deficit that characierize
cerchral palsy. At the present time, there are
limited therapies available to protect the mfant
brain from perinatal insults and none to stimufate
regeneration. As there is great inferest in
exploiting stem cells for CNS regeneration. il is
our long-term goal that the studies initiated in this
proposal will lead to strategies that will stimulate
the differentiation of NSCs towards
oligodendrocyte lineage, to effect CNS
regencration after perinatal brain  damage.

Differentiation of neural precursors into
neurens, astrocytes and oligodendrocytes takes
place sequentially and extrinsic factors play
pivotal role in specifying cell lineages in the
developing brain. Perinatal hypoxic injury oocurs
during the oligodendroghial phase. Certain
inducers of astrocyte differentiation are elevated
following perinatal H'l and these factors working
through their respective downstream
transcription factor combinstonally causes the
preferential differentiation of bipotential glial
progenitors in the subventricular zone (SV.Z), -a

region of the brain that harbors the multipotential
neural stem cells/progenitors, towards astrocytes
and away from the oligodendrocyte lineage.
Transdifferentiation of a glial progenitor into an
astrocyle rather than an oligodendrocyie could
underlie the permanent deficit in white matter
oligodendrocytes. Recent advances in
understanding oligodendrocyie  development
have revealed the importance of growth factors
and relevant downstream transcription factors in
regulating oligodendrocyte differentiation. Since
transeription factors that regulate NSC fates, act
either positively or negatively, and some
transcription factors induce the differentiation of
one cell ineage while suppressing another, we are
interested in investigating (1) whether specific
factors known to promote oligodendroglial
lineage could antagonize these aberrant extrinsic
differentiation signals and (i1} whether hypoxia
directly regulates the transcniptome of glial
precursors thereby altering their differentiation
potential. As the perinatal brain is conducive for
oligodendrocyte generation, our long-term goal is
to identify strategies to antagonize those factors
that induce astrocyte differentiation to promote
oligodendrocyte development. Insights gained
from these studies could eventually lead to
therapeutics that could be administered to infants
to enable the damaged infant brain to develop
normally from its endogenous stem cells.

Publication:

Sen E, Levison SW (2006) Astrocyte and
developmental white matter disorders. Invited
review in Mental Retardation and Developmental
Disabilities. 12:97-104,
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MOLECULAR MECHANISMS OF MEMORY FORMATION BY MASSED AND

SPACED TRAINING

Principal Investigator 3
Research Fellows

Lab Assistant :

One of the fundamental questions in neuroscience
has to do with how we learn and remember, Our
memornes link us with our past and help in
planning our future. Having 8 good memory is
wonderful, but the consequences of memory lass
are devastating. Al one end of the speetrum is
simple, age related semile forgeting (senior
moments), @t the other end is the severe memory
loss due to memory imparment condibons, such
as the Alzheimer's disease that can affect even
day-day proper functioning, Thus, a lot of effort
15 directed towards examining the mechamsms
that govern memory formation and retrieval,

A closer look at memory research
involving severnl model systems and preparations
has revealed that memory formation follows a few
key prnciples across difterent systems and
memory tasks: (1) long-term memory (LTM)
typically requires multiple training tnals. ( 2) LTM
formation requires new RNA and protein
synthesis, and {3 ) massed training is less effective
i nducing LTM than spaced trmning.

The third basic property of memory is
currently the focus of my lab. Memory is more
robust and longer lasting when the tmals during
training are distributed over time (spaced
traming) than when they are presented with lindle
or no inter-tnal mterval (massed trmming). Ths
effect is commonly referred to as the “spacing
effect”, The interesting feature of this effect is
that the supeniority of spaced training over massed
does not appear to be a general phenomenon for
all emporal domains of memory, but the effect is
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pronounced with respect to memories in the
longer time domain, This phenomenon hos been
extensively studied at behavioral levels.
However, the molecular and cellular mechanisms
of the spacing effect are not well understood. Itis
thought that differemt trmning patierns induce a
differential change in the molecular and synaptic
substrates of memory.  Collectively, these
changes determine the duranion and strength of
memory induced by massed and spaced training,

My lob is involved in examining the
maolecular mechanisms that may contribute 1o the
differential imduction of memory by massed and
spaced trainmg protocols.  We are particularly
interested in extracetlular signal-regulated kinase
(ERK) pathway that is eritically involved in
plasticity and memory, We focus our studies on
the changes n the CAl region in the rat
hippocampal shee (Fig. 1), We have examined
the activation of ERK in the CA1 region by KCl
depolarization event, an activity-mimicking
stimulus (Fig. 20, After establishing the treatment
conditions, we are now examining the temporal
activation profile of ERK activation in the CAl
region of hippocampal shices by NMDA applied
in massed and spaced patterns. NMDA receptor
signaling 15 critical for several different forms of
plasticity and memory. The massed and spaced
patterns of NMDA stimulation serveas the i vitro
analog of these two training paradigms. We will
further exanune the critical factors important for
regulation of ERK activation, and its downstream
effects.




Fig.1

Hippocampis

srgion of the hippocampus.

CM SherfY, S Stough and TJ Carew:

=d neurotrophic factor signaling 15
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and ERK activation in Aplvsia.

o Sor Neuroscience Abstracts, program no,
b 1 ].

SK Sharma and T] Carew: Long-term
e for sensitization in Aplysic requires
et ERK activity. Society for Neuroscience
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SK Sharma, JL Shobe and TJ Carew:
wn, ¢DNA cloning and functional
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ERK activation by KLCIT
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Fig 2. KO0 sctivates ERE in the hrppocampes, A represcniative Western biot {Eeft) and summary datn
Loghi ) sherw ihat o 3 min iregiment of hippocampal slece with WimM KO induces ERK activation in CA |

analysis of the small GTP-binding proteins RAS
and RAP in the CNS of Aplysia. Society for
Meuroscience Absiracts, program no. 504.17,
(2005).

*Work done elsewhere.

Funding:

Molecular and cellular mechanisms of memory
formation by massed and spaced training
regimens (DBT).
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MOLECULAR APPROACHES TO UNDERSTAND THE PATHOPHYSIOLOGY
AND PHARMACOLOGY OF INFLAMMATIONIN CNS DISORDERS

Principal Investigator :
Post Doctoral Fellow -
Resecarch Fellow

M. S¢ Students :

Project Assistants

[he focus of our laboratory is to understand the
pathophysiology and pharmacology of
inflammation m UNS disorders,

S50 far one project has been initiated to
undersiand the molecular mechanism of
intflammation in fapanese Encephalitis. We have
characterized the functional significance of
astroghial and microghal activation following JE.
We have observed that growth factors like NGF
and CNTF are also increased following viral
infection. which further supports the role of
astrocytes inm neuronal survival, We are presently
workimg with a membrane based cytokine array to
find out more proinflammatory mediators which
are regulated during viral infection. We have
found Cyclooxigenase-2 (Cox-2) 15 upregulated
during JE infection. Microglia are the
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predominant source of Cox-2 in brain following
infection. In microglial activation and m infection
there 18 more region specificity, Microgha of
hippocampus are more vulnerable to JE infection.
Occasionally, we have observed colocalization
between a neuronal antibodv and JE specific
antihody. JE infects hippocampus macrogha morg
than cortical or thalamic microglha. Emerging
evidence indicate that the inflammation inhibits
neurogencsis. There is gradual decrease in NeuN
(a transcription factor for mature ncuron)
lollowing JE. We have also observed that there1s a
temporary blockade in neurogenesis following JE.
There are expeniments going on to find out a direct
correlation between inflammation and
neurogenesis in this model,

Microghn produce Cox-2 Rllowimg JEV infection
Cryomun secoons from contmol and  JTEV-infeced
HALB'c muce bramn were double-stomed for CD1 iR
und Cox-2 mnd mommied using Veciashield conmining
DAPL A& B: The control bram showed peglypble
presence of activaied mecroglia (A as well as lack of
papressbon of Cox-2 (B) as ebsgreed by the absence of
stwming for both CON Th {Alexa Floor, red) ond Coxe2
(FITC, green), The imset picture depicts  the
represcniative hippocampnl Leld. © A robust
nctivation of ﬂllfﬂ:llﬂlﬂ bowever was scem in the
Infected brain sectons (co-localization oF C0 1 with
AP, [ Co-localizntion of CDI1h und Cox-2 s
shown by the arrows in the same kippocampal fiehd
Imdicabes the reiease ol Cox-d by the aclvated
microgha, Inset shows hgher resohition pictare of the
23, Sealebas 20 um




Publications:

* Krady ] K. Basu A, Allen CM, Xu Y, LaNoue KF,
Gardner TW Levison SW (2005) Minocycline
Reduces Pro-Inflammatory Cytokine Expression,
Microglial Activation And Caspase-3 Activation
In A Rodent Model Of Diabetic Retinopathy.
Diabetes 54:1559-63

Lazovic J. #Basu A, Krady JK. Rothstein RP,
Smith MB, Levison SW (2005) Neuro-protection
following hypoxia-ischemia in [L-1 type
Ireceptor deficient mice; suppression of
mflammation and inducible nitric oxide synthase
{INOS) production  Stroke, 36; 2226-2231 (#co
first author) .

Lm HW, #Basu A, Drukman C, Cicchese M.
Krady JK, Levison SW (2006) Astrogliosis is not
solely depend upon activating the type |
Interleukin-1 receptor. J.Neuroinflammation.
3(1): 15 (#co first author).

*Work done elsewhere

Presentations:
A Basp, “Human brain! what is revealed is
exciting, what is hidden is critical™, Government
Girls' School, Faridabad, September 5th (Popular
kecture) (2003).

A Basu, “Clinical Proteomics: Translating
Today's Benchside Promise Into Tomomows
Bedside Reality”™, PGl Chandigarh, November
&th (A meeting organised jointly by DBT and PGl
o chalk out the roadmap of Clinical Proteomics
~pesearchin India) [Invited speaker] (2005).

J Lazovic, A. Basu, R P Rothstein, M B Smith and
- S W Levison, Direct evidence that activating the
Imterleukin-1 type | receptor enhances ischemic
- brain damage. Annual meeting of Society for

Neuroscience, Nov 12th-16th, Washington DC.
 {Oral Presentation} { 2005).

H W Lin, A. Basu, ) K Krady and § W Levison.,
[L-6 family cytokines differentially activate
mouse versus rat microglial. Annual meeting of
Society for Neuroscience, Nowv 12th-16th,
Washington DT, (Poster) (2003)

A, Basu, Molecular mechanism of CNS infection
and inflammation, Dept of Neurology, SGPGI,
Lucknow, [8thNovember (Invited Lecture)
{2005).

S Bhowmick, P Keli. M K Mishra, M B
Appaiahgiri, § Vrati and A, Basu, Differential
expression of [P-10 (CXCL-10) in brain
following Japanese Encephalitis

Annual conference of Indian Academy of
Meurosciences, |1-14thDecember, NIMHANS,
Bangalore. {Poster){ 2005)

A Ghoshal, P Koli, M B Appaiahgiri, S Vrati and A.
Basu, Microglial Microglial activation and
induction of multiple proinflammatory mediators
in Japanese Encephalitis. Annual conference of
Indian Academy of Neurosciences, 11-
14thDecember, 2005, NIMHANS. Bangalore
{Oral presentation) ( 2005)

A Ghoshal, K Saheb, P Koli, M B Appaiahgiri, 8
Vrati and A. Basu, Microglial activation and
neurndegeneration in Japanese Encephalitis,
Annual conference of sogiety of Neurochemisiry
India, 16-17 December, Depl of Biochemistry and
Toxicology, University of Madras, Chennai,
(Invited speaker)(2005).

A. Basu, Infection and inflammation: Are they
missing links that determine newronal fate
following Japancse Encephalitis? “Molecular
Immunology Forum”-Bhubneswar. (Invited
Speaker) (2006)

Funding:
Study of the molecular mechanisms of

microglia‘macrophages mediated neuro
inflammation in Japanese encephalitis. (DBT).
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PROBING THE CONTROL OF ACTION USING SACCADIC EYE MOVEMENTS

Principal Investigator
Research Fellow
M. Sc. Students

Supriva Ray

Human visual sensitivity is not uniform but
rapidly declines centrifugally from the centre of
gaze as a result of which objects in the periphery
cannot be identified clearly, To counter this
problem our brain has evolved & mechanism
whereby the visual scene is explored in discrete
steps, each of them comresponding to an eye
movement called a saccade, followed by a
fixation, By carefully observing the pattern of
fixations a number of behavioral studies have
shown that saccades are not random but direct
gaze to objects of interest, Therefore, before each
gaze shifi, perceptual processing must identify
potential targets for the eye movement and motor
processing must prepare and execute the motor
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command. The role of cognition also provides an
added level of complexity since behavior is not
strictly dictated by perceptual processes: internal
goals are important,

The challenge therefore is to understand
the representations of the image that guides
orienting responses and the computations that
subserve and link visual and cognitive processing,
and eye movement programming. The long term
goals of the proposed project are to understand
how vision and cognition guide action. These
questions will be approached through
investigations of visually gwded saccades
novel paradigms designed to probe the
oculomotor control in normal human subjects.

Hypothesized mixle]l of processing stajpes
involved in parallel preparation ol
correctivi sactade. Failure of STOP process,
leadls v the peiivanon of GO progess
respoinible for generatibon of the correcetive

snconde,
JuN
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inbibiion | Error Correcion | | ERGHNRN
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The nature of self-control during errors.
The capacity to deteet and correct errors is due to
self-monitoring capacity of the brain, To probe the
nature of such contral in relation 10 eye
movements we have been using a version of the
classic double-step task called REDIRECT task in
which the appearance of second target on some
trials serves as a signal to cancel the iminal
saccade and REDIRECT gaze 1o the final target
location. Errors of action are induced when
subjects fail 1o cancel the partially prepared
responses. In such instances subjects are able to
sutomatically correct the initial error with a
second corrective saccade to the second target.

Previous work has provided behavioral
evidence to suggest that some degree of parallel
processing between erroneous first and corrective
second saccade occurs dunng processing of
action errors. However, 1t remains unspecified
whether only visual processing occurs in parallel
or whether post perceptual processing also may
occur concurrently. To test whether motor
preparation of the two saccades occurred
concurrently during error correction we made
subjects perform & modified triple-step
REDIRECT task in which the final target location
was perturbed on a random fraction of trials
during the production of the errors,

Consistent with the idea of predictive
error correction we found corrective saccades
were often directed at the location originally
occupied by the target prior to the third step. For
this we assume that some motor preparation

leading to corrective saccades must have occurred
prior to the occurrence of the error. An implication
of these results is subjects making the errors. We
also tested the hypothesis that the brain uses an
estimate of the time it takes to cancel a response to
make predictions of outcomes.

Publication:

Ray 5§, Murthy A. Chronometric analysis of
saccadic suppression. J. Neuwrophysiology (In
Review).

Presentations:

Ao Murthy. Computational Issues in visuomotor
control. Lecture for Computational Meuroscience
workshop, givenat [1T, Mumbai (2005).

A. Murthy.,, Sharika K.M., Supriya Ray,
Hierarchical control of action during emmor
correction Indian Academy of Neuroscience.
Bangalore, India. (2005).

Funding:

Control of visusally guided movements in humans,
{Dept. of Science & Technology)
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MECHANISMS OF ACTION CONTROL IN HUMANS

Principal Investigator
Rescarch Fellow

Project Assistant

Understanding the ncural basis of voluntary
control 15 a central problem in cognitive
neuroscience. Goal directed movements involve
participation of a number of different brain areas.
Two subcortical areas that have been implicated
in motor control are the basal ganglia and the
cerebellum that are reciprocally connected 1o
maotor cortical areas, However, the specific nature
of control exerted by these two arcas remain
unclear. Understanding how the brmin controls
action 15 necessary fo understand the causes
underlying various psychopathologies and motor
abnormalities where there is a failure of coniral,
These series of experiments is being carried out in
collaboration with Dr. Sarat Chandra and Dr.
Madhun Behan of ALLM.S. where a facility to
measure eye movements in real time under
computer control has been set up by NBRC.

Inhibitory control of action. A hallmark of
the voluntary control of action is the ability to

inhibit a planned movement when confronted
with situations that render current goals
inappropriate. This ability to inhibit mappropriate
actions is of considerable interest because it
imvolves an internal act of control, which redirects
overt movement. Inhibitory control can be probed
in the REDIRECT task that entails inhibiting a
preprogrammed eve movement for successful
performance. Using a simple theoretical construct
we have used the REDIRECT double-step task 1o
estimate the duration 1t takes to inlubit a partially
prepared movement in normal subjects. More
recently we have begun investigating how
inhibitory control is implemented to regulate gaze
shifts characterized by multiple saccades. Here
inhibition can occur at multiple levels; inhibition
can occur either before the gaze shift beging; or
inhibation can occur durng the mtersaccadic
interval separating intervening saccades. Using a

3s
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version of the saccade countermanding task we
tested whether a umitary mechanism suffices to
account for imhibitory control during multi-step
gaze shifis by having subjects make a sequence of
saccades 1o single targets as a result of induced
saccadic dysmetria.

On random catech trials a second target
appeared which instructed subjects to cancel the
partially prepared response to the initial target,
Using a race model framework we obtained two
important results. First, a unitary inhibitory
mechanism can account for subjects' performance
in this task. Second, although a race model
predicted the reaction times of the erroneous
primary saccades that escaped inhibition, the
model underestimated the reaction times of the
secondary saccade. This finding indicates that the
intersaccadic interval between two saccades ina
multi-gaze shift 15 not subject to voluntary
inhibitory control and provide evidence of a
ballistic stage in decision making during mule-
gaze shifts.

Using the multi-step gaze saccade task we
are now investigating the relative contributions of
two important subcortical circuits in the control of
saccades: the basal ganglia and the cerebellum.
We are addressing this issue by recording the
behavior of patients with lesions in the cerebellum
and Parkinson's disease patients having
compromised basal ganglia function. The aim of
this line of work is to understand how inhibitory
control is implemented in the basal ganglia and
cerebellum duning the programming of relatively
complex actions.

Publication:
Joti P, Kulashekhar 8, Behan M, Murthy A
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Impaired inhibitory control in patients with
Parkinson's disease. Experimental Brain
Research (In Press).

Presentation:

Arjun Ramakrishnan, Chokandre 5. Ahmad F.U.,
Sarat Chandra P., Madhuri Behari and A, Murthy,
Hierarchical control of action during error
correction Indian Academy of Neuroscience.
Bangalore, India (2005},

Funding:
Control of visually guided movements in humans.
{Dept. of Science & Technology).

Collaborators:
Dr. Faiz-Udin Ahmed, Resident, Dept. of
Neurosurgery, AIIMS.

Dr. Sarat Chandra, Assoc. Prof, Dept. of
Neurosurgery, AIIMS.

Prof, M. Behari, Dept of Neurology, AIIMS
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NEURAL CONTROL OF ACTION BY FRONTAL-BASAL GANGLIA NETWORKS

Principal Investigator

Research Fellows

While much progress has been made in
understanding the function of sensory and motor
networks, the nature of neural networks
mediating their interactions remain obscure. Asa
consequence we have a poor understanding of
how sensory information is transformed into a
movement, One of the key structures that is
thought to play an important role in the
transformation of semsory signals into motor
commands is the basal ganglia network, which
receive no direct sensory inputl and send Intle
direct output to the spinal cord. Rather, their
primary input 1s from the cerebral cortex and their
output is sent back to the cortex via the thalamus.

Within this general scheme the basal
panglia-thalamocortical circuit implements a
number of functionally distinct loops involving

Aditva Murthy

Supriva Ray, Arjun Ramakrishnan

different modalities in which information from
somatomotor, oculomotor, cognitive and Himbic
systems are processed moparallel, Although the
anatomical significance of such loops between
cortex and basal ganglia have been appreciated
thetr functional significance remains  longely
unspecified. Here we use the non-human pnimate
model to study the function of one such loop,
namely the oculomotor loop in which information
from the frontal eye fields (FEF), is relayed to the
basal gangla, processed and sent to the
mediodorsal nucleus of the thalamus and sent
back to the FEF. Here we propose to study the
sensorimotor transformations in this loop in the
context of how basal gangha thalamocortical
circuitry nitiates actions, how actions maybe
cancelled and reprogrammed by this circuit and
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s
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FEF/basal ganglia neurons help b actions
and corrects errors mduced by sudden changes in
instructions that render current goals
Inappropriate.

Publication:

Murthy A, Ray 5, Thompson KG Jacobi 58S,
Schall JD. Predictive error correction in frontal
eye field, ). Neuraphysiology (In Review)

Funding:

Meural control of

netwaorks, (DBET).

action by basal ganglia
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NEURONAL PROCESSING IN NORMAL AND IMPAIRED BRAINS

Principle Investigator K. Rema

Research Fellows
Project Assistant
M Se. Student

In the normal adult nervous system certain
features of neuronal information processing and
encoding exhibit  plasticity  throughout life
whereas others retain some ngidity to change.
Research interest of our laboratory s directed
towards understanding these features and 1o
determine to what extent detnmental influences
such as stroke, injury, nutritional deficiencies or
ageing influence the modulation of information
processing in the sensory system.

The current research focuses on
determining  the synaptic changes that ocour
following brain mjury. One of the apparent
consequences of cortical injury is degeneration of
newrons at the site of injury, which in turn could
lead to disruption and reorganization of synaptic
contacts formed by these neurons. As a result
there would be loss of both functional synaptic
connectivity and integration of synaplic
responses.  The ensuing disruption in flow of
excitatton in the cortical network can be
postuluted to be the primary reason for disabilities
of both neuronal and behavioural functions.
Earlier studies showed that lesions in the
somatosensory cortex of one hemisphere result in
reduction of neuronal responses in the
interconnected contralateral somatosensory
cortex even after long survival penods. Recovery
of these deficits was very hmited. To understand
these deficits berter and to determine the onset we
are currently assaying the immediste ongoing
changes in neuronal activity patterns that occur
following lesions. Spontancous activity, evoked
activity and receptive field are measured by single
channel electrophysiological recording using
carbon fibre microelectrodes following unilateral
focal lesions of somatosensory corlex.
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In the rat somatosensory cortex despite
the callosal mput between both hemispheres
being comparatively small we found that several
features of neuronal activity were affected in the
mtact hemisphere contralateral to injury in the
imitial 12 hours. The spontancous and evoked
activitics were affected spatiotemporally. Area
exactly opposite the lesion showed very litle
change in activity pattern for 4-6 hours after
lesion, Beyond this time there was rapid
modulation in neuronal activity with increase in
response magnitude for about an hour followed by
rapid reduction in response levels, This increase
and decrease scem 1o be occurring in waves.
Interestingly the change in activity levels in the
cortical region that surrounds this area (Le. the
region homotopic the edge of the lesion) is
different. The modulation m activity pattern
starts within one hour with waves of increase and
decrease in response magnitudes.

Each layer of somatosensory cortex
receives and processes information ditferently.
Neurons in laver IV receive somatosensory
informatien from the thalamus. This information
15 then relayed to layers [/l and V. 1t has been
shown that use dependent plastic changes occur
initially in layers 7L Hence we recorded
newronal activity from layers INTIN and from layer
IV before and after focal lesion in the
somatosensory cortex. We found that the
magnitude of change in layers T/ was about 10
times more than that seenn layer IV,

The effect of cortical injury on the rate at
which the neurons can process information was
tested by recording responses of the neurons 1o
different frequency of stimuli ranging from
0.3 Hzto 12 Hz. A normal rat at rest moves s
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whiskers at a frequency of 7-10 Hz, The lesioned
animal exhibited changes in activity levels only
when the frequency of stimulation was (1.3 Hz.
This indicated that one of the consequences of
mjury to the brain is that the neurons require
longer time to process the sensory information
and the brain is functioning at less than optimum
level.

The effect of brain injury on excitatory
and inhibitory neurons was examined. Response
of fast spiking mhibitory neurons were analyzed
separately and compared with that of regular
spiking excitatory neurons. We find that the
mhibitory neurons are much more affected than
the excitatory neurons as shown in the figure
above.

The reason for this increase in response
magnitude could be due to release of active
mhibition being exerted by contralateral
bemisphere on neuronal responses.  We are
mvestigating this hypothesis. Another possibility
for the modulation of activity in the hemisphere
contralateral to the injury could be ongoing
changes in the molecules that regulate excitation

and inhibition. 'We therefore assayed for changes
in levels of NMDARI, GAD and BDNF afier
unilateral lesions to somatosensory corlexat 2, 4,
6 and 12 hours post lesion using
immunohistochemistry, NMDARI expression is
high around the lesion edge at all time points
whereas there was marked reduction in staining in
the penumbra. GAD on the other hand shows
inereased expression around the lesion both at the
edge and in the penumbra of lesion, BDNF is
reduced at edge of the lesion and in the penumbra.
The changes of these molecules in the lesion site
could also be influencing the neuronal activity of
the contralateral hemisphere.

Publications:

Rema V., Armstrong-James M, Jenkinson N,
Ebner FF (2006) Shor exposure to-an enriched
environment accelerates plasticity i the barrel
field (whisker) cortex of adult rats. Neuroscience.
140(2):659-72,
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Li, Rema V, Ebner FF (2003) Chronic suppréession
of activity m barre]l field cortex downregulates
sensory responses in contralateral barrel field
cortex. J. Neurophysiology, 94(5): 3342-56.

Presentations:

“Effects of cortical injury on patterns of cortical
activity,” The 7th China-India-Japan-Korea Joint
Workshop on Neurobiology and
Neuromformatics — 2005 | November 2-5, 2005
mn Xiamen, China.

“Brain reorganization following injuries.” Third
symposium on “Frontiers in Molecular
Medicine™, 19-20th January 2006; Organized by
Special Centre for Molecular Medicine,
Yawaharlal Nehr University New Delhi

“Injuries and neuronal response.” U.GC. working
conference on recent concepts i cell & ammal
physiology. 10th —11th March 2006 Department
of Zoology, Panjab University, Chandigarh.

“Sensory behaviour and sensory  information
processing in rodents.” 6th IBRO School of
Neuroscience, Asia Pacific Region held during
8th 1o 20th August 2005 at NCBS Bangalore.

"The Brain: A Methodological View." Lecture
given for Brain Awareness Programme held in
Department of Life Sciences, Jawahartal Nehru
Umiversity on April 5, 2006

Funding:
Effect of certical injuries on the
neurophysiological, molecular and behavioural

functions. (International Senior Research
Fellowship from the Wellcome Trust, UK).

Collaborators:
Prof. Ford F Ebner
Vanderbilt University, Nashiville, TN, USA




BRAIN REORGANIZATION FOLLOWING SPINAL CORD INJURIES

Principal Investigator Neeraj Jain

Research Fellows

Project Assistant : Gunjan Joshi

Tactile inputs are processed in multiple
somatosensory areas in the lower brain stem,
thalamus and cortex. These areas are
mterconnected by both serial and parallel
pathways. Motor areas, which mitiate and control
movements, continuously modify their outputs
based on feedback from the somatosensory
system, This enables fine control of movements
such as during palpation and grasp. My research
program aims to understand how the
sensorimotor System processes Sensory
mformation to enable tactile perception and
motor control, and how spinal cord injuries affect
functional organization of the system.

We perform unilateral lesions of the dorsal
columns of the spinal cord, leaving spinothalamic
and other ascendng and descending pathways
miact. Using multiunit mapping and intracortical
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Days after leslan

Shashank Tandon, Niranjan Kambi, Leslee Lazar

microstimulation technigues we determine the
effects of these injuries on the somatosensory and
motor areas of the brain, These plastic changes in
the brain organization are then related to the
behavioural effects of the inmjuries in order to
understand the mechanisms of recovery of
behaviour and to develop interventions for better
recoveries, We use both rat and primate model
systems for these studies.

In order to determine the time course of
behavioural recovery following unilateral lesions
of the dorsal ¢olumns of the spinal cord, we use
‘tactile stimulation’ test and 'grid walking' test.
Tactile stimulation test measures the time it takes
for the rats o initiate removal of small stickers
placed on the forepaws, Normal rats proceed to
remove the stickers immediately while the rats
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Days after lesion

Frgure: Perfermance of mals on grid walking and tactile stimmmlation tests, {(A) Number of missteps a5 o
percentape of tofal number of skeps 1aken by the forepaw ipsalateral woobe e latem] dorsal column lesion,
The s-asis shows the muimber of dovs post-lesion. zero being the day of the kesion. Priortothe lesion (data
shown onthe lefi of the vertical dashed line) there are no messteps. Posi-lesion the performance shows o
rapld improvement followed by deterioranon and 8 secomnd tmproverment phase, (B The tachle
stimilntion test, The Black vurve shoows the percentage of trizls in which the rat makes an anemp w
remove asticker placed on the forepuw ipdalateral o ibe besion withan 30 seconds. The red curve shiows
the percentage ol irlals in which the mt does not make any attempt fo remove the sticker for thee first 90
secirnis. The trinds were aborted after B seconds. Olther conventions, as for A,
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with spinal cord lesions take much longer to
remove the sticker from the paw ipsilateral 1o the
lesion. In the grid-walking test the rats are allowed
to walk on a wire grid. Normal rats place their
paws on the wires without any missteps, However,
rats with unilateral dorsal column injunies show
missteps while placing the ipsilateral
deafferented forepaw. The forepaw tends to slip
Yoroagh Yne openimes o ine ard. Oor tesie dhow
that in both of these tests the imitial recovery
proceeds in phases {see Figure). The first recovery
phase 15 followed by deterioration m the
behavioural abilities as assessed by these tests.
However, the maximal extent of emerging deficits
is much less than seen immediately after the
lesion. Subsequently there is a second recovery
phase. The data from behavioural tests and the

time course of recovery will be used to evaluate
the extent of recovery and effectiveness of
interventions such as stem cell transplantation
and stimulation uwsing implanted epidural
electrodes.

We are also continuing our experiments
on monkeys. We have transected dorsal columns
in four additiomal adult monkeys. In order to
determine behavioural correlates of the brain
reorganization following the lesion, we
determined the time taken by the monkeys to pick
small food items from different wells of the
Kliiver Board before the lesions were made. The
behavioural testing will continue durning recovery
from the lesion till the monkeys are mapped to
determing reorganization of the areas S2/PV, 1, 2
and 4.
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Publication:

*Ivengar 5, (i HX, Jain N, and Kaas JH. Cortical
and thalamic connections of the representations
of the teeth and tongue in somatosensory cortex of
New World Monkeys, Journal of Comparative
Neurology (Communicated).

* Work done elsewhere

Presentations:

'‘Reorganization in mammalian brains following
spinal cord injuries’. Molecular Reproduction,
Development and Genetics, Indian Institute of
Science, Bangalore. March 21, 2006,

'Plasticity of sensory and motor svstems in
mammulian brains'. At 'Recent concepts in cell
and anmimal physiology', UGC working
conference at Department of Zoology, Panjab
University, Chandigarh, March 1011, 2006

Funding:

Information Processing in the Somatosensory
system and the Effects of Spinal and Cortical
Injuries (International Senior Research
Fellowship from the Wellcome Trust, UK ).

Spinal Cord Plasticity and Rehabilitation afier
Spinal Cord Injuries { Department of Science and
Technology, India under Indo-Russian TLTE
programme .




EMERGENCE OF PRIMARY AND NON-PRIMARY AUDITORY CORTICAL
AREAS DURING LATE FOETAL AND EARLY POSTNATAL AGES IN HUMANS

Principle Investigator
Technical Assistants

Project Assistant

This study focuses on the development of primary
and surrounding non-primary (association)
auditory cortical areas in humans. Whereas the
primary auditory cortex (area TC) 15 mainly
important for perceiving pure tones, the non-
primary auditory areas (areas TA, TB and TD)
appear o perceive speech related sounds in
adulthood. However the exact developmental
time-line of how and when these areas develop 15
not known. Our immediate goal is to identify
these arcas using histochemical and
immunohistochemical markers i post mortem
brain tissue at different stages of development.

We had earlier found that the
cytoarchitecture and expression patterns of
different calcium binding proteins (CBPs) of an
adolescent (14 vears of age) 18 similar to that seen
in adults, suggesting that the ongamzation ol the
suditory cortex is aduli-like by this age. In the past
year, we have completed studying the pattern of
expression of the CBPs calretinin (CR) and
calbindin {CB} in the auditory cortex at term (37
and 39 gestation weeks and | day old) and at a
pacdiatric age (7 years). We found that there was
greater expression of calbindin (CR) in neurons at
term than at 7 years or at adulthood in TC.
Similarly, CB expression in TA was higher during
development (between birth and 7 years), then
decreased until adulthood, We also found that CB
expression increased m fibres by adulthood in
suditory wreas TC and TA compared to the
voungerages (Figure 1 A, B).

The number of neurons expressing CR also
moreased between term and 7 vears and then
decreases in Layers 5-6 by adulthood in TC and TA.
We also observed a reticulum of fibres which was
positive for CRn lavers 5 and 6 of TA and TB at
serm which were not present at older ages (Fig. 1B).

Our results demonstrate that a greater
sumber of neurons express CB or CR, especially

Soumya fvengar
QP Sharma, Arvind Singh Pundiry
Stebashini Swdarshan

in layers 5 and 6 of the auditory cortex at term than
at later ages. Although the functional significance
of these changes is not known, it is possible that
they reflect changes in the auditory cortex related
ta leaming languages. We have also found that the
pattems of expression of both CB and CR can be
used to differentiate between the primary and non-
primary auditory areas at term. Interestingly,
parvalbumin (PV'), the third CBP that was present
at postnatal ages was not expressed in the auditory
cortex in any of the bramns at term.  Since PV is
expressed strongly in foct within the association
areas which are impontant for perceiving speech
and other aspects of processing complex sounds,
our results sugpest that these areas may not be
fully formed at birth and may develop later during
the postnatal period.

Cortical columns

Cortical columns are a basic anatomical and
functional unit of the brain and consist of
approximately 80-100 neurons which are
arranged as vertical columns, spanning layers 2-6
of the neocortex and are clearly visible in Nissl-
stamned sections.  Earlier studies (Seldon et al.,
198 1; Galuske et al., 2000) have demonstrated that
the intercolumnar spaces are larger in Wemnicke's
area in the left than in the right hemisphere, which
15 dominant for language, suggesting that these
differences reflect the functions of these areas.
Since the smallest auditory cortical arcas are
specialized for processing different aspects of
sound such as speech, environmental sounds and
music, we hypothesized that the cortical columns
in these areas may be different from the
surrounding auditory cortex in which they are
embedded. We decided to measure the width of
the cortical columns in areas AA and STA which
are part of the larger suditory association area TA.
In addition, we also decided 1o compare the size of
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these columns at different ages in different parts of
the auditory cortex.

We found that the width of cortical
columns (‘minicolumns'} and the mtercolumnar
space were greater in the human auditory cortex in
adulthood than at term or in an adolescent. Area
AA (which is importamt for perceiving
environmental sounds and music) had wider
mtercolumns and smaller pyramidal newrons in
Layer Ul and V compared to the surrounding
auditory association area TA in an adult and an
adolescent.  In contrast, area STA (which is
important for perceiving words and speech) had
wider columns and intercolumns than those in
area TA in the adult and adolescent and also had
large pyramidal neurons in L1 and V compared
to TA. However, there were no différences
between the width of cortical columns throughout
TA at term, suggesting that the smallest auditory
arcas may not have developed at this age.
Although we need a large sample size to vahdate
our results, we have found that measurements of
cortical columns can be used for differentiating
between the various subdivisions of the auditory
cortex including its smallest functional areas.

4%

We will now measure cortical columns at
different pediatnic age groups for comparison
with data obtained from adults. The results from
this study will indicate when the smallest auditory
arcas emernge during development.

Funding:

Emergence of primary and non-primary auditory
cortical areas during late fetal and early posinatal
ages in humans (DBT).

Collaborators:

Dr. T. Asha, Guntur Medical College, Guntur

Dr. S Shankar, NIMHANS, New Delhi

Dr. 5. Bishnoi, Gurgaon Civil Hospital, Gurgaon
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Dr. 5. Sharma, Gurgaon Civil Hospital, Gurgaon
Col. P. Kumar, Army Base Hospital, New Delhi
Dr. PC Dikshit, MAMC, New Delhi
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NEUROGENESIS IN THE SONG CONTROL SYSTEM OF ZEBRA FINCHES

Principle Investigator

Saumya lvengar

Research Fellow: v Nazia Khurshid
Technical Assistant; v Arvind Singh Pundir
M. Sc. Student; v Geetika Phukan

Febra finches are a species of Passerine birds
wtach are excellent for studying brain-behaviour
smiationships. In male birds, new neurons are
semtinuously added to the brain throughout their
miult life and are incorporated into functional
ewomts which are important for leaming and
poducing songs, Since #ebra finches produce a
mehly stable or 'stereotvped’ song which does not
gmmee during adulthood, it can be easily
mamtified. In addition, the effects of different
mamepalations n the newral circuitry of zebm
Smches which 18 mportamt for the control of

smeme can be linked to changes in their songs.
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aince the songs of male »ebra finches remain
stereotyped throughout their adult life, it is still
not known why neurons have to be replaced in the
song control regions

The goal of this project is to study whether
changing levels of neurogenesis in song bird
brains would change the pattern of their songs.
An additional outcome of this project would be to
find whether the levels of neurogenesis in
adulthood are regulated and maintained at a
particular level. The specific aim of this project is
o use the opioid system as a tool to change the
levels of neurogenesis in the zebra finch brain

A, Colognleation of p-and & -|_'||'_|||_'||-;]
recepiors with Tupl in primary culiures of
ventticular sone éells of pn acdalt male
#ehea finch

B. Blocking npipid receptors with
malaxone mvive copsesan increase in cell
proliferntion in the ventricalar o of an
adill make zelws linch compared 1o a
s ine-treated control hird
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since it has been shown that blocking opicid
receptors increases the level of neurogenesis in
musmimalian systems.

We found that p and dopioid receptors are
localized in the VZ and in different brain regions
including the song control nuclei in zebra finches
of both sexes and at different ages throughout
development.  Since these receptors are
expressed by cells in the VZ and SVZ, it is
possible that they may play a role in modulating
cell proliferation andior differenbiation either
directly or indirectly through their action on other
factors. The localization of opioid receptors at
different sites throughout the brain has also been
confirmed by performing western blots on the
brain and VZ obtained from adult and juvenile
male zebra finches,

Experiments have also been mmtiated
wherein cells of the VZ and subveninicular zone
(SVZ) of zebra finches are maintained as primary
cultures.  Some of these cells expressed Tujl
which marks neuronal precursors and also
expressed the p- and &- opioid receptors.
Preliminary data obtained by blocking the opioid
receptors with the antagonist naloxone in cultured
VZ cells also increased neuronal proliferation.
We have also injected different doses of naloxone
into adult male zebra finches for a period of four
days and have found the number of dividing cells
increased in the VZ of these birds (Figure 2).

We have already started studying the
patterns of expression of the p- and 8- opioid

receptors in adult and juvenile female zebra
finches and will compare them with those in male
birds. We are also planning long-term
experiments on adult male birds to see whether
cells generated as a result of the naloxone
treatment differentiate into new neurons and i1f the
incorporation of these neurons in song control
areas would lead to changes in singing in these
birds.

Publications:

*lyengar 5, Q1 HX, Jain N, and Kaas JH. Cortical
and thalamic connections of the representations
of the teeth and tongue in somatosensory cortex of
New World Monkeys, Journal of Comparative
Neurology (Communicated),

*Kaas JH, (i HX, lyengar S (2006) Cortical
network for representing the teeth and tongue in
primates. Anat Rec A Discov Mol Cell Evel Biol.
2RR(2): 182-190

*=Work done ¢lsewhere

Funding:
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proliferation on the leaming and production of
song behavior in male zebra finches (DBT)




REPLACEMENT OF DEGENERATING RETINAL NEURONS BY RETINAL
PROSTHESES OR STEM CELLS - A STUDY ON CONNECTIVITY AND

INFORMATION PROCESSING IN RETINA

Principal Investigator

Project Assistants:

Mammalian retina compnses several well-
characterized type of neurons and synapses
organized in discrete layers. The primary flow of
visual information is from photoreceptors to
bipolar cells to retinal ganghion cells (RGCs), and
eventually to the brain. This fransmission 18
disrupted in retinal degenerative diseases such as
Retinitis Pigmentosa (RP) and Age-Related
Macular Degeneration {AMD) where typically
photoreceptors are degenerated, but other cells
mecluding RGCs that carry information o the
brain wre relatively preserved. One freatment
protocol that holds promise invelves replacing the
degencrated photoreceptors with a prosthetic
device. Retinal prosthesis 1s & complex ¢lectrome
gadget surgically implanted in eye to stimulate the
surviving retinal cells through an ammay of
mumature ¢lectrodes. The underlying assumption
= that the device would correctly encode the
wisual signals, transmit them to the surviving
ganglion cells, and thus produce artificial vision
m blind patients, Tremendous progress has been
made in the field in terms of bioengineering,
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microelectronics and surgical implantation.
However, the functional outcome has been
primitive at best: a retinal prosthesis can produce
only a subjective visual sensation of spots of light,
called phosphenes, which unfortunately is not
sufficient to improve the quality of a patient's life.
One fundamental problem is that our
understanding of how exactly different tvpes of
RGCs receive information from their presynaptic
partners and how they encode it for transmission
to the bram remains imadequate.

Our lab is interested in investigating how
different type of RGCs receive, encode and
transmit visual information. We characterize
physiologically a given cell by recording its
electrophysiological responses to a spatio-
temporally optimized light stimulus (derived by
using @ white-noise stimulus and reverse-
correlation analysis; Fig. 1), and by measuring its
contrast sensitivity using an “ideal observer”
analysis. We also characterize the cell in terms of
its morphology, distribution across retina, and
dendritic -stratification using various staining

Fig.1, Mensnring receptive ficld profile of & gonglion cell,
Electrophysinbogreal respoase of's RGE (bop panel) (o oowhie
nease vigual stimulas {middie panel) is reconbed, using an
intrncelfulor sharp glass alefmode A reverse comelation of
gpike response with the stimulus that just precoded
{highlighted in red) at several locations in the visual fickd gives
spatio-teniporndly optimal receptive Held profike foc that
particular cefl, which included o posiiive, prominent cenber
amd 8 negative, shallow sumound (bofiom ponel), The
uoptimiized strmulos is then presentsd back to the seme cell to
charseterze it physiadogscally.
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Fig.2 Marpholegical characierizathim of specific cells and synapses o retbina. A ) Phioreceplons ai
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techmiques. With this approach we have started to
focus on specilic retinal cells and synapses (Fig

21 After we charactenze a specific type of RGO
wi will pharmacologically solate its bipolar and
amacrine cell inputs, and mimi¢ them with
injections of electrical current by dypamically
AdfuSHng is VATTOUS paramelers.

To be abl¢ o apply this knowledge n
producing normal-like RGC responses in
diseased retina we will inject the optimized
electrical c¢urrent into specific RGCOs of a
senetically engineered ~ff mouse, or a drug

Lk
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induced mouse model that expresses
degenerating photoreceptors (Fig, 3). These
animal models are also tested behaviorally
assess thelr visual function, Eesults from thess
cxpertments will have implications
developing retinal prostheses capable of
transmitting physiologically relevant  visual
signals in patients with retinal degenerations
Recently there has been tremendous
interest in treating retinal degenerative diseases,
including RP and AMD by stem cell

transplamation, Transplantation of stem cells of

Flz.3, Chemically indueed Photorecepior Degeneration:.
Ml ]-Mitrpsoures  CalEes -.l'\r._ll.h_ degenemtion ol
pholoreceplors, resulieng in their progresave [oss, with no
appareni affect on other cell vpes. A nonml reting, B) &
doys afier teammen) showing loss ol maporry  of
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sanous origing has been attempted in humans and

Fig.d Identificatiim of cone photorecepiars with FANA, In vive and b vidre A Chler segments of
cones are wlentified by gtnaming with PMNA (red) in o 10 pm eryosectson, The =_1I'.--'|--'.-.'|':-|| w mnil brpalar
s are stained by BAPL (Blog). B & ) Crods scctions of cone ouler segments staimad with PMNA in
whobsmount rebima o vy (B, Tesas Red) snd oovetro (0, FITOL We are nlsg able 16 kdentify cone
photorecepiors in dissocinbed retinal newarons groven i el buee (T3]

putative photoreceptors respond to light and make

gxperimental animals and the results are spectfic synaptic connections has been lacking. A
promising. The transplanted stem cells have been project in our lab envisages to transplant

shown to differentiate into retinal cells, especially
photoreceptors, which integrate with the host

neurons. However, evidence that the vitrg, Alter trunsplantation we will look

Filr. 5: Retinal neurons in cabltare. A Retingl ennelion cells were desected im retinal caltures by

-~ =
cxpreiabon of v prode (green; Bloe=DARLY B ) Pwo el populalions wene grown m & customozed
cultume chamber with a gap of showt 150 pm between the populniions. This approach is useful io

siudy speeific synapses made by stem cells pate host retinnl Bewrons

for

b

embryonic stem cells trom D3 mouse cell ling into

mouse models of the disease, both in vivo and 0
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evidence that the transplanted celis migrate to the
preferred location, differentiate nto
photoreceptors., and make identifiable and
specific synapses with the host neurons. Since
cone photoreceptors in humans mediate the most
important components of vision, including
daylight and color vision, we are pnmanly
interested in studying if stem cells differentiate
into cones, both in vivo and in vitro (Fig. 4).

Furthermore. since dissociated cells
grown in culture provide a good model to study
synaplic connectivity we have started to grow
both the stem cells and normal retinal neurons in
culture, and have standardized methods to
tdentify specific cells in culture, especially cones
(Fig, 4D) and RGCs (Fig, 5A). In addition, we
have developed in-house a culture chamber that
allows us to grow and maintain two different
populations of cells in adjacent lanes separated by
100-200 pm cell-free areas (Fig. 5B). These
chambers are useful o study specific svnapse
formation between stem cells and host retinal
neUrons.

Publications:

*Dhingra NK, Freed MA, Smith RG (2005)
Voltage-gated Sodium Channels improve contrast
sensitivity of a retinal ganglion cell. L
Neuroscience. 25: 8097-8103.

* Ying Xu, Dhingra NK, Smith RG (2005) Sterling
P.Sluggish and brisk ganglion cells detect contrast
with similar sensitivity. J, Neurophysiology, 93; 1-8

* Work done elsewhere
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Presentations:

Dhingra NK. Invited lecture on “Retinal Structure
and Function - How Neurons Process
Information™ at 6th IBRO (Asia Pacific) School
of Neuroscience held at NCBS, Bangalore, Aug.
2005

Dhingras NK. Popular Science Lecture on “Brain
Electricity™ in collaboration with Haryvana State
Council for Science and Technology (HSCST) at
Sr. Sec. School Rewar, Aug. 2005,

Dhingra NEK. Invited lectures on “Retina: How
We Start to See” and “Psychophyvsics to
Biophysics: How Retinal Ganglion Cells Process
Visual Information™ at 31st Mahabaleshwar
Seminar in Modern Biology on “From Molecules
to Metworks and Behavior”™ at Mahabaleshwar,
Jan, 2006,

Borghuis BG, Dhingra NK, Smith B, Sterling P
Neighboring Retinal Ganglion Cells Provide
Independent Channels for Contrast Detection
Poster# 2278 a1 ARVO, USA, May 2005,

Funding:

Replacement of Degenerating Retinal Neurons
Electronic Prosthesis: A Study on Param
Optimization of Electrical Stimulus, and
Signal Processing in Different Types of Reti
Ganglion Cells (DBT).



__WFUTATIONAL ANALYSIS OF SPEECH SAMPLES FROM NORMALLY

SEWELOPING CHILDREN

Py

Investigator

& Fellow

istants

slopment milestones provide essential
caregivers or doctors, about the
e cogniive development of children.
= there 1s hardly any studies of acoustic
smt in children, which have implications
paches. It is thus necessary 1o obtain
from normally developing children
; hguage skills, to enable pediatricians,
= to develop better diagnostic criteria.
prmary focus of our laboratory is to
speech production in normally
children and children with
tion disorders and develop
measures of speech skills. This
amsights into development of speech and
skills in children and could also ad
= developing newer diagnostic eriteria,
peamons tools of signal analysis,
Seecch pmduclinnﬁ can be characterised
in frequency and time. The
stuations in the speech signal not only
: mformation regarding rhythm and
but also fine lingwistic detail. A visual
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Nandini Chatterjee Singh
Latika Singh
Chetan, T. Padma Subhadra

display of this information is provided in a
spectrogram (see figure). We notice fMluctuations
In energy across time and frequency, Spectral
modulations (m,) are energy fluctuations across a
frequency spectrum at particular times and
temporal modufations are energy fluctuations at a
particular frequency over time. Vocal utteranaces
can thus be characterised by spectro-temporal
modulations, We capture the spectro-temporal
modulations contained in speech utterances and
the corresponding power associated with them
and display them in a modulation spectrum
(MS).

The figure shows such a MS for vocal
utterances by an adult directed to an adult. The
contour lines enclose the spectro-temporal
modulations contained in these utterances and
show the presence of two distinet regions. A large
region comprising of low frequency temporal
modulations (2-50 Hz) and (0- 1.5¢cveles/Khz)
spectral modulation and a second region at high
temporal modulation around 200 Hz. The spectral
modulations encode information regarding

*Lnng Time Scale
{~100 ms)
I
*Shnrt Time Scale
(~5 ms)
=200 0 200

Temporal Modalations (Hz )

The figure on the lefi shows & spearogram for a spoken wirterance by an aduly, The figwre on the nght
shows the modulotion speotrum of such en witerance wherein temporml modulaiions oré seen st both long
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harmonic and formant structure of speech. We
currently focus on the temporal modulations, The
low frequency temporal modulations (2-30 Hz)
encode rhythm and syllabicity, whereas the high
frequency temporal modulations (50-300 Hz)
encode fine linguistic content like cues to voicing
which mid in manner identification as well as
marking stress locations,

There 15 currently no information
available regarding the emergence of these
modulations in development. We collected
speech samples of children in the age-group 4-%
years from different schools to buld a database.
This 15 a sensory motor mtegration phase where
rhvthms and emotions in speech are established.
We obtamed dota from 220 children in response o
three tasks namely picture naming, reading and
repetition. We set up modulation spectra for
children from different age groups.

Our results indicate age dependence for
temporal modulations. The low  frequency
temporal modulations, which encode information
regarding rhythm and prosody is observed at 4
years of age while the high frequency temporal
modulations are absent. The presence of the high
frequency temporal modulations 15 seen in the
population only at 7 vears of age. This encodes
fine linguistic aspects of the language and
containg cues regarding voicing and place of
articulation. This suggests that childrén achieve

adult-like speech productions around 7-8 vears of

age.

A database of speech samples from
normally developing children between the ages of
4-8 vears has also been setup.




CHARACTERISTICS OF SPEECH PRODUCTIONS FROM CHILDREN W

COMMUNICATION DISORDERS

Principal Investigator
Post Doctoral Fellow

Project Assistant

We have currently obtained speech samples from
children with autism. It has been reported that
speech and language skills are delayed in children
with autism. Though there have been studies
showing differences in perception there is hardly
any data on speech productions from children
with-autism.

We obtained vocal uotterances and
calculated varnious spectral and temporal
parametlers like durations and formant
frequencies. We compare these with age matched
controls and find differences.

Autistic (7 years)
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Dy Ramesh Mishra
Fishnudev Ramachandra

Figure shows a comparison of the
came speech utterance from a child with
autism and an age-matched normal child. We
see differences in the total duration of the
utterance between the two cases, Differences
are also seen for the time taken for each word
utterance and for the pauses between words.
We are currently analyzing all the samples we
have obtained to study this effect in other
children with autism too,

We have also set up modulation specira
and are currently comparing these with the
control population.

Normal (7 years)
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Publications:

Singh L. Shantisudha P, Singh NC.
Developmental patterns of speech in children. J.
of Applied Accoustics (In press)

Ramachandra ¥V, Kumar BN, Singh NC,
Complexity in sound. Physical Review Letters
{submitted)

Singh L, Singh NC. Phonological development in
typically developing children. Development
Science (submitted)

Presentations:

Invited seminar entitled "Developmental pattermns
of specch in children'. seminar on 'The Cochlear
and Bevond' organised at NIMHANS, 28-29th
January 2006,

Invited seminar entitled 'A new computational

approach 1o study speech impairments in children’,
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at “Dynamics Days”, School of Physical Sciences,
Jawaharlal Nehru University, New Delhi,
November 2005,

Computational tools to study neural data, 11T,
Mumbai, workshop on Computational
MNeuroscience. October 2005,

Funding:

A Computational Analysis of Speech
Impairments and Development of Subseguent
Therapies (Ministry of Communications and
Information Technology and Intramural support),

Collaboratar:

The project on children with autism is being
carried out in collaboration with Dr. Shobha
Srinath and Dr. Shivshankar from NIMHANS,
Bangalore and Dr. Amit Sen from Sitaram Bhartia
Institute for Science and Research, New Delhi.




NON-EQUILIBRIUM
NEURAL PROCESSING

Principal Investigator :  Prasun Roy

Research Fellow

Comprehending how information transmission
and connectivity occurs across the bran is a
fascinating problem of neuroscience, that bears
directly on the problem of how the brain thinks.
There are multiple modes (multiplexing) of
mformation transmission through a channel
under more intensive or demanding conditions
reguiring  high throughput of imformation or
‘activation. Customary theoretic models cannot
satisfactorily account for information
gransmission during such conditions as neural
plasticity or high intensity adaptation, or in
chinical hyperexcitatory conditions as epilepsy,
migraine, neuralgia or tinnitus. One needs a
guantitative computational approach that can
account for information transmission and its
‘meuromodulation across the brain.
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INFORMATION THEORY AND SPATIOTEMPORAL

Kh. Budhachandra Singh

The recent advance of lensor
neuroimaging implies a broad general
methodology; here onc can study various
transport processes or flow parameters in the
layered anisotropic brain, as diffusion,
permeability, electrical conduction and
mformation flow. We have delineated the
approach of functional tensor neurcimaging and
elucidated tensor maps to descnibe permeability
flux and information flux or connectivity in brain:
indeed informétion flux is the most fundamental
currency in neural systems.

We aim to construet an information flow
mage of the brain, representing it graphically by
information flux tensor, a concept adapted from
telecommunication engineering. We treat the
tensor imaging methodology of the brain from

-
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Fig. L. ¢&) The necessiy of bensorial amalysiz Distribation of elecire field map of brain obained from
isotropic bram model fecalar conducivaty, upper panel} and anisciropic layered boin moded
{tensorind comductivity, lower panel). The |atter s biophysically comect and difference is to be
noted. (b) Mine-component ellipsoid 1ensos, the gereralized iranspor] parameter {as conduciivity
or penneahility), moa voxel, (o] Algorithm testing: Ongimad tensor feld vosel-wise (upper), and

reconstrucied tensor field at low smpling mumber {lower), As ssmpling number incresses, the
seconsrucied field merensingly resemibxles tse orginal feld.
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two converging approaches, the intrinsic
approach (using thermodynamics of flow tensor)
and the explicit approach (using scalar
projections of flow tensor). In the explicit
approach, we use a tensor tomographic
methodology using backprojection algorithms
and obtain the tensor field voxelwise across the
volume of interest. We simulate the tensor
reconstruction using a 33 sampling, then a 35
sampling, whereby the accuracy incresses as
sampled points morease. It 15 found that the
reconstructed tensor field closely matches the
original tensor field in the object. One can also
find the conductivity tensor field of brain, and
using surface potentinl recordings (EEG field
map) we can find the precise location and
intensity of electrical focus in brain, an approach
that can be useful in accurate ¢pileptic source
localization (fig. 1),

In the intrinsic approach, we consider
diffusion transport tensor analysis, from which
we formulate an axiomatic model of generalized
transport tensor using irreversible
thermodynamic relationship. Using permeation
tissue mode] for the brain, we abtain o normalized
relationship between cigenvalue of diffusivity
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Fig. 2 i) Tensarfing alporithm b frack franspost tensor voxel-wise sormss 3-T bram nssue (b) Dhrectson
of cawsalily from divergence anobysee orrow (o) Lisear relatbonship between tensomal
dircctipnalily  (fFrectionz] snisotopy of diffusivity) and imformation  trmnsmission (IR

ififferenteal signal ).
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tensor, conductivity tensor and information flux
tensor. By tensorline voxel tracking algorithm, we
construct the schema of flux mapping across brain
tissue (Fig.2a). Divergence analysis indicates the
deterministic direction of neural causality, i.c.
which area M causes excitabion in which area N
(Fig.2b}. Our approach predicts linearity between
tensorial directionality (fractional anisotropy of
diffusivity ) and synaptic information transmission
(MBI differential signal) and we elucidate
corroborating experimental evidence from
occipital cortex (Fig, 2¢).

The advantage of the divergence approach
is that it is a deterministic approach to neural
causality, in contrast 1o a probabilistic approach
that 15 followed m usual models to outline
functional connectivity based on statistical
coherences or correlations, The convergence of
the intnnsic and explicit approaches corroborates
the ready applicability of our methodology to
signal transmission. The transmission (ensor
image of brain can enable & precise functional
understanding and location of compromise in
neurclogical or psychiatric disorders, and this can
help to delineate dynamic connectivity and to
moniter the efficacy of therapy,
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Publication:

Roy P, Budhachandra Kh (2005) Informational
flux mapping and connectivily in neuroimaging:
A biothermodynamic tensorial approach. 1EE
Proc. Biomedical Engineening. 12: 2080-%.

Presentations:

P. Roy, Multimodal tensor imaging across bramn,
Defence Scientists Training Course, Institute of
Nuclear Medicine & Allied Sciences, Delhi, Jan,
2006,

F. Roy, Neurobiological Networking in the Brain,
Systems Biology Conference, Delhi University-
South Campus, New Delhi, March 2006,

P. Roy, Information Connectivity in
Neuroimaging using a Tensorial Analvsis,

Symposium on Neuroinformatics &
Neuroimaging, Singapore, Nov. 2005,

P, Roy, Kh Budhachandra, Deterministic
Information Connectivity: Neurodegenerative
Disorders, Srée Chitra Institute of Medical
Science, Trivandrum, Nov, 2005,

Funding:

Information theoretic analysis of brain
connectivity: Tools for clinical applicability
(Ministry of Research, Govt. of Italy).

Collaborators:
Prof T R Seshadri, University ol Delhi.

Prof Patrizia Baraldi, University of Modena &
Reggio Emilia, lItaly
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APPLICATION OF STOCHASTIC ACTIVATION AND STABILITY ANALYSIS FOR

BRAIN IMAGING AND THERAPY

Principal Investigator Prasun Roy

Post Doctorate Fellow Fani Kashyap

Computer Operator

M. 5S¢ Student Tanuj Gulari

To upgrade the target expediency of
neuroradiological processes. whether diagnostic
or therapeutic, an innovative approach 1s offered
by stochastic activation, based on the pninciples of
nonlingar dyvnamics and computational hology.
Stochastic activation, nosse-mided resonance or
fMuctuation-induced transition, 15 o general
principle of complex systems applicable 1o
various systems, whether physical or biological,
and occurs basically due to the statistical kinetic
nature of the components that exhibits
probabilistic fluctuations of parameters

Stochastic activation has been used to
enhance wvarious processes relevant to
neurobiologists, such as information processing or
|-I3 signals, Nevertheless the clinical application
of stochastic activation effect as a novel technigue
in neuroimaging or therapy has not been
systematically pursued, and the applicability is the
wim of our priject. An important aim 15 1o use
stochastic activation to enhance diagnosis and
classification of MR We have

IMaEcs

Ashish Upadhvay

concentrated on two important areas of clinical
mmaging, namely neuroproliferative diseases (as
glioma) and neurodegenerative discases (as
dementia). For the former, we used a stochastic
parameter based on Boltzman entropy, while for
the latter we used a stochastic parameter based on
topological fTuctuations.

Cirading of bran tumours as glioma s
essential for therapy planning. We first explored
the possibility of using the approach of stochastic
approach to characterize and classify images of
bram tumours, with special attention to glioma.
The advantage of the stochastic classification
(5C) 15 that (1) SC does nol need expensive
spectroscopic  coils or software, (1) SC s
immediate and aotomatic (i) SC takeés into
consideration the whole tumour volume without
giving scope of sampling errors that anses when
discrete small tissue samples are tested. Errors
would be minimized if one can devise uan
appraach that tnkes the whole lesion 15 taken into

Fig.l. lmages of ghoma: grade (L L IV a8 confiomed spectroscopecally. The siochaste classifier
cubeporzes thwe mmges s that of medimm, upper ond highest enirmopic pypes. thas eflectively grmidmg

thewm.



sccount, and this is exactly satisfied by stochastic
sctivation as it acts on the entire region of interest,
We administer an optimal mtensity of stochastic
fluctuation to the T1 image and obtain a measure
of Boltzmann entropy of image. An entropic-
Landscape classifier svstem 15 constructed 1o
classify the image as Grade 1, 11, 111 or IV glhioma,
The classification logic 1s sccounted for using an
entropic heterogeneity model of tissue. A mal of
entropic classifier module 15 then done against a
st set of wmour images, and we find that the
Eede evaluated by minimax entropic classiher
corresponds . with  pathelogical reports where
available {biopsy or spectroscopy ) fig. 1).
Dragnosis of neurodegenerative discases
pose a great challenge in contemporary neurology,
2 ready automated imaging approach, without
expensive software, would be of topical utility..,
We have probed the feasibility of
pathophysiological classification by utilizing the
spproach of stochastic perturbation in  the
geometry of the region of mterest. Here we
ssmcentrated on an important area of neurology,
dementia; we particularly attended 1o two

imagmg questions, namely the design of a MRI-
based classifier to (1) charactenze Alzheimer's
Disease, AD. and Huntington's disease, HD, and
to (i) differentiate between Nommal Pressure
Hydrocephalus, NPH, from Obstructive
Hydrocephalus, OH. The stochastic perturbation
n scale geometry is characterized by a stochastic
topological index L, As alteration in
pertventricular, ventricular and fascicular region
ts a significant charactenstic of AD and NPH, we
decided to see whether the differéntiation could
bt done by the L mdex. It is found that the L
coefficient can satisfactorily distinguish
moderate versus advanced Alzhemmer's disease,
Further, the topological L index can also
differentiate between NPH and OH (fig. 2). The
observations are theoretically accounted for using
a model of parenchymal interstitial pressure
heterogeneity. Thus the stochastic topological
index can be taken to be a quantitative signature of
pathophysiclogy 10 help the diagnosis of
neurodegenerative processes as Alzheimer's
disease and hydrocephalic dementia.

L. Index

14-_“1.

Cantral
AD

HD
MPH
oH

Fig. 2. Upper tow: Axial omages of pormal b feaitrol), obstructve hydmeephalus (OH), nonmnl
presswre ivdrocephalos (NIFHL Alshormer disease (A and Huntington's disease {(HID)
Lowermw: The corresponiding L index of the disorders
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Publication:
Vani K, Upadhyay A, Roy P.  Classification of
Glloma using Stochastic Activation and Entropic

Landscape contouring. International ). Neural
Systems (submitted).

Presentations:

P. Roy, K Vani, T Ray, A Banerjee, Stochastic
Resonance Enhancement in disgnostic and
therapeutic neuroscience, Indian Academy of
Neuroseience, National Institute of Mental Health
& MNeurosciences, Bangalore, Dec. 2005,

4

P. Roy, Use Stochastic Activation technique for
studving Brain disorders. Jawaharlal Nehru
University, New Delhi, Nov, 2005

Funding:
Stochastic Resonance Effect as a new technigue
for enhancement in Computed Tomography and

Tomotherapy (Ministry of Defence, Govt. of
Indaa).



MENTAL LOAD DEFICITS IN BRAIN DAMAGE

Principal Investigator

The field of Cognitive Newroscience answers
macro level questions of brain functioning.
Research in this area addresses how the brain
mediates cognition. The brain is able to process
information that it gathers from perception and
memory using the tools of executive functions.
Examples of executive functions are planning,
inhibitory control of irrelevant responses, shifting
of cognitive sets, fluency of processing stimuli and
SENEraing responses.

Executive functions are those processes
which manipulate information to ecnable the
organism to set goals and to achieve the same.
Attention modulates both perception and executive
functions. Behavior is goal directed when the
various cognitive processes mentioned above are
functioning adequately, Cognitive functions are
mterrelated. Perception influences memory and
both of them are influenced by attention.
Executive functions can access or inhibit memaory.

The efficiency of executive functions
mnfluences perception and memory formation.
Thus cognitive processing is an interlinked system
with feed forward and feedback influences.
Functional modulanty is preserved with linkages
across functions. The brain mediates cognition by
commitment of structures to functions. Sensory
cortices mediate the perceptual functions, memory
15 widely distributed in the corlex and the prefrontal
cortex mediates executive functions with
contributions from the basal ganglia and the
cerebellum.  The prefrontal cortices and the
sensory  association cortices mediate  attention
regulation. A functional network of anatomically
connected brain structures mediates functional
modularity,

Patients with neurclogical and
neurosurgical conditions such as head injury, brain
tumors, epilepsy and stroke suffer from damage to
the brain structures or brain networks which
mediate cognition. Consequently these patients
complain of inability to attend, poor memory and
dgifficultics in thinking efficiently. My climical
expericnce of diagnosing and  treating  brain

Shobini L. Rao

damaged patients over 2 decades at the National
Institute of Mental Health and Neurosciences has
shown that a range of cognitive dysfunctions are
present in these paticnts. Associated with the
cognitive deficits are disruptions of behavior such
as irritability, anxiety and depression. The quality
of life of the brain-damaged patients is
compromised because of cognitive deficits,
Cognitive retraining, which improves cognitive
functioning, is an effective treatment of brain
damaged patients. Development of clinically
effective cognitive retraiming programs, which
are based on scientific research in cognitive
neuroscience, 18 necessary io reduce the
morbidity following brain damage.

A frequent complaint of the brain-
damaged patient is an inability to follow rapid
speech, work under distraction, and remember
even moderately complex instructions. I the
patient s forced to process information rapidly
symptoms of uritability, anxiety, depression and
sleep disturbances follow. The symptoms point o
un mability to bear high mental load. Mental load
15 a sense of effort, which anses when one
performs complex tasks or tasks under high levels
of speed. Performance of concurrent tasks also
leads to mental load. If the conditions leading to
mental load persist for a long time, the person
develops symptoms of stress as described above.

The bramn-damaged patient complains of
mental load even when they perform tasks, which
are simple for non-brain damaged individuals.
Ordinary tasks such as remembering shopping
lists, doing routine work, which one is
accustomed to in the office or attending lectures in
the college require a lot of effort for the brain,
damaged patient. This inability to bear mental
load is evident in head injury patients. The cause
of reduced ability 10 bear mental load could be a
reduced capacity to process information,

Capacity limitation is a basic constraint in
information processing. The brain has
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tremendous capability to process information in
parallel because of its estimated tnllion neuronal
connections. However, the capacity to process
information is restricted to 3-4 bits of information.
The bottleneck of capacity limitation needs to be
investigated to find its locale in the modular
cognitive domain. The project aims to identify
the cognitive domain, which is giving rise to the
capacity limitation. The results would lead to
measuring abnormalities of capacity limitations
in brain-damaged patients and their treatment
though cognitive retraining.

Presentation:

S.L. Rao, The nature of cognitive deficits and
their measurement. 11th National Conference of
Alzheimer's & Related Disorders Society of India,
DEMCON 2005, Depts. Of Neurology &
radiclogy, Sree Chitra Tirunal Institute for
Medical Sciences & Technology, Trivandrum,
November 2005,
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Parkinson's disease. Experimental Brain
Research (In Press).

Murthy A, Ray 8, Thompson KG lacobi 88,
Schall JD. Predictive error correction in frontal
eye field, ]. Neurophysiology (In Review),

Rema Velayudhan

Rema V, Armstrong-James M, Jenkinson N,
Ebner FF (2006)  Short exposure to an enriched
environmen! accelerates plasticity in the barrel
field (whisker) cortex of adult rats. Neuroscience.
30; 140(2):659-72,

L1, Rema V, Ebner FF (2005) Chronic suppression
of activity in bamrel ficld cortex downregulates
sensory responses in contralateral barrel field
cortex. J. Neurophysiology, 94(5): 3342.-56.

Neeraj Jain

* Iyengar S, Qi HX, JainN, and Kaas JH. Cortical
and thalamic connections of the representations
of the teeth and tongue in somatosensory cortex of
New World Monkeys, Joumal of Neuwrology
{Communicated).

Soumya lyengar

* Iyengar 5, Q1 HX, Jain N, and Kaas JH. Cortical
and thalamic connections of the representations
of the teeth and tongue in somatosensory cortex of
New World Monkeys, Joumal of Neurology
{Communicated).

* Kaas JH, Qi HX, lyengar S (2006) Cortical




network for representing the teeth and tongue in
primates. Anat Rec A Discov Mol Cell Evol Biol,
2EE(2): 182-190

Narender K. Dhingra

* Dhingra NK, Freed MA, Smith RG (2005)
Voltage-gated Sodium Channels improve contrast
sensitivity of a retinal ganglion cell. J.
Neuroscience. 15: 8097-8103.

* Ying Xu, Dhingra NK, Smith RG (2005)
Sterling P.Sluggish and brisk ganglion cells detect
contrast with similar sensitivity. J.

Neurophysiology. 93: 1-8

Nangdini Chatterjee Singh

Singh L, Shantisudha P, Singh NC.
Developmental patterns of speech in children. J.
of Applied Accoustics {In press)

Ramachandra V, Kumar BN, Singh NC.
Complexity in sound. Physical Review Letiers

(submitted)

Singh L, Singh NC. Phonological development in
typically developing children. Development
Science (submitted)

Prasun Roy

Roy P, Budhachandra Kh (2005) Informational
flux mapping and connectivity in neuroimaging:
A hbiothermodynamic tensonal approach. IEE
Proc. Biomedical Engineening. 12: 2080-8,

Vani K, Upadhyay A, Roy P.  Classification of
Glioma using Stochastic Activation and Entropic
Landscape contouring. International J. Neural
Systems (submitted).

* Work done elsewhere
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Nihar Ranjan Jana

. R Jana. Role of ubiquitin-proteasome system
m the pathogenesis of polyglutamine diseases.
india-Japan-Korea-China workshop of
Newrobiology and neuroinformatics, Xiamen,
China, 2005,

S Purkayastha, P. Dikshit and N. R. Jana
Cwrcumin  disrupt the function of ubiquitin
proteasome system. Annual conference of Indian
Association of Biomedical Scientists, Kolkata,
2005

Vijavalakshmi Ravindranath

& P Kommaddi, L. Wang, B. Moorthy and V.
fxvindranath, A Unique Human Brain
Eswechrome P4501A1 Variamt Generated By
Akermate Splicing: Cloning, Expression And
Sesctional Characterization - Oral Presentation
w the 14" International Conference on
Uwechromes P450: Biochemistry, Biophysics,
Beoinformatics held in Dallas, TX, USA, May
ne 5, 2005.

® Kommaddi, V. Agarwal, H.V. Pai and V.
dgranath. Identification and functional
erization of human brain - specific splice
s of cytochrome P450, the major enzyme
=1 in metabolism of xenobiotics including
tive drugs - Presented at the Society for
ence-2005 Annual Meeting held in
seton, DO, USA, November 12-16, 2005.

Agarwal, Reddy P. Kommaddi and V.
wath. Cloning, constitutive expression
sscalization of the major drug-metabolizing
Cvtochrome P4503A43 in human brain -
=d at the XXIIT Annual Conference of
Academy of Neurosciences held at
India, December 20035.

dranath, Unique cytochrome P450s in
= implication in disease pathogenesis,
speaker at the World Congress on
s disease, Berlin, June 6-9, 2005,

Beemsfranath, Drug metabolism in human
= wmnique cytochrome pd50 enzymes

generated by alternate splicing. Invited speaker at
14" International Conference on Cytochromes
P450: Biochemistry, Biophysics, and
Bioinformatics held in Dallas, TX, USA, May 31-
June 5, 2005,

V. Ravindranath, Understanding the molecular
pathogenesis of neurodegénerative disorders and
estrogen-mediated neuroprotection.  Plenary
speaker at the XX Annual Conference of Tndian
Academy of Neurosciences held at Bangalore,
India, December 2005,

V. Ravindranath and Latha Diwakar,
Ovanectomy perturbs protein thiol homeostasis
and abolishes neuroprotection against excitatory
amino acid in female mice. Presented at the
Society for Neuroscience-2005 Annual Meeting
held in Washington, DC, USA, November 12-16,
2005,

Uzma Saeed, Latha Diwakar and V. Ravindranath.
Neuroprotection by estrogen is mediated through
its regulation of Grxl (Grxl), a thiol disulphide
oxido-reductase - Presented at the XXIIT Annual
Conference of Indian Academy of Neurosciences
held at Bangalore, India, December 2005,

K. Smitha, D. Lalitha, R. Sujinitha and V.
Ravindranath. Global gene expression profiling
in mouse model of Parkinson's disease. A spatio-
temporal study - Presented at the XX Annual
Conferénce of Indian Academy of Neurosciences
held at Bangalore, India, December 2003,

V. Ravindranath. Wired Differences: How
Understanding the Brain Can Empower Women
on 8" March, 2006 at the workshop entitled
“Empowering the Women R&D Professional™ on
International Women's Day.

V. Ravindranath: Life and the Brain on 3™ March,
2006 at University of Dethi.

V. Ravindranath. Use It or Lose It How the
Human Brain Works on 6" & 7" October, 2005 on
Symposium on Excitement of Science at National
Academy of Sciences, Allahabad.
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V. Ravindranath: Life and the Brain on 1°
September, 2005 at Lady Shri Ram College for
Women, Delhi.

V. Ravindranath. Brain Research: Recent
Advances in Development of Rationale Therapies
and Cures for Brain Disorders on 257 June, 2005
at Oration at 1.5.5, Medical College, Mysore.

V. Ravindranath. The human brain: From
molecules and networks to behaviour at
International Conference on Advanced in
Network Sciences (ICANS ' 05) held at the
National University of Singapore between 29"
June, 2005 to 1" July, 2005

V. Ravindranath. “The working of the human
brain: From molecules and networks to
behaviour™ on 6" April, 2005 at Amit Chaudhary
Memorial Lecture, ITT, Delh

Pankaj Seth

M. Mishra, 5. M. Reddy and P. Seth. HIV-1 Tat
Induced Apoptosis in Human Fetal Brain Derived
Neural Stem Cells, Symposia on Neurobiology of
Diseases, Indian Academy of Newroscience,
Bangalore, India, Dec 2005 (Invited Speaker).

P. Seth. Embryonic Stem Cells — Current Status
and Future prospects. Workshop on Stem cell and
regenerative medicine, Patiala, April 2005
{Invited Speaker).

P. Seth, Stem Cells in Research, CME-cum-
Update on Stem Cell Biology and Regenerative
Medicine, Organized by Moving Academy of
Medicine and Biomedicine at Government
Medical College Chandigarh, Chandigarh, India,
April 2005 (Guest Faculty).

Shiv Kumar Sharma

SK Sharma, CM Sherff, § Stough and TJ Carew
{2005), Brain-derived neurotrophic factor
signaling is critical for long-ltem memory, long-
term synaptic facilitation and ERK activation in
Aplysia, Society for Neuroscience Abstracts,
programno. 504,18,
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JL Shobe, SK Sharma and TJ Carew (2005).
Long-term memory for sensitization in Aplysia
requires sustained ERK activity. Society for
Neuroscience Abstracts, program no, 540,10,

X Ye, SK Sharma, JL Shobe and TJ Carew (2005).
Identification, c¢DNA cloning and functional
analysis of the small GTP-binding proteins RAS
and RAP in the UNS of Aplysia. Society for
Neuroscience Abstracts, program no. 504.17,

Anirban Basu
A. Basu, "Human brain: what is revealed is
exciting, what is hidden is critical”, Government
Girls' School, Faridabad, September 5" (Popular
lecture) (20:05).

A. Basu, "Clinical Proteomics: Translating
Today's Benchside Promise Into Tomormmows
Bedside Reality”, PGI Chandigarh, November 6"
{A meeting organised jointly by DBT and PGI to
chalk out the roadmap of Clinical Proteomics
research in India) [Invited speaker] (2005).

I Lazovic, A. Basu, R P Rothstem, M B Smith and
5 W Levison, Direct evidence that activating the
Interleukin-1 type | receptor enhances ischemic
brain damage. Annual meeting of Society for
Neuroscience, Nov 12°-16", Washington DC.
{Oral Presentation) (2005)

H W Lin, A, Basu, ] K Krady and 8 W Leévison.,
IL-6 family cytokines differentially activate
mouse versus rat microglial, Annual meeting of
Society for Newroscience, Nov 12"-16",
Washington DC. (Poster) {2005)

A. Basu, Molecular mechanism of CNS infection
and inflammation, Dept of Neurclogy, SGPGL
Lucknow, 18"November (Invited Lecture) { 200

S Bhowmick, P Koli, M K Mishra, M B
Appaiahgiri, 5 Vrati and A. Basu, Differentisl
expression of [P-10 (CXCL-10) in brais
following Japanese Encephalitis



Annual conference of Indian Academy of
Neurosciences, 11-14"December, NIMHANS,
Bangalore. (Poster) (2005)

A Ghoshal, PKoli, M B Appaiahgiri, S Vratiand A.

Basu, Microglial Microglial activation and
induction of multiple proinflammatory mediators
in Japanese Encephalitis. Annual conference of
Indian Academy of Neurosciences, 11-
14"December, 2005, NIMHANS, Bangalore
{Dral presentation) (2005)

A Ghoshal, K Saheb, P Koli, M B Appaiahgiri, S
Vrati and A. Basu, Microglial activation and
neurodegeneration in Japanese Encephalitis,
Annual conference of society of Neurochemistry
India, 16-17 December, Dept of Biochemistry and
Toxicology, University of Madras, Chennai,
{Invited speaker) (2005),

A Basu, Infection and inflammation: Are they
missing links that determine neuronal fate
following Japanese Encephalitis? “Molecular
Immunology Forum™-Bhubneswar. (Invited

Speaker) (2006)

Aditya Murthy

A Murthy. Computational lssues in visuomaolor
eemirol. Lecture for Computational Neuroscience
workshop, given at ITT, Mumbai {20035),

A Murthy., Sharika K.M., Supriva Ray,
#erarchical control of action during error
eerrection Indian Academy of Neuwroscience.
Sangalore, India. (2005).

Arsun Ramakrishnan, Chokandre 5. Ahmad F.L.,
Sarst Chandra P., Madhun Behari and A. Murthy,
Seerarchical control of action during error
worrection Indian Academy of Newroscience,

Samzalore, India(2005).

Wema Velayudhan

“Effects of cortical injury on patterns of cortical
wmwity.” The 7° China-India-Japan-Korea Joint
Workshop on Neurobiology and

Newroinformatics — 2005 ; November 2-5, 2005
in Xiamen, China.

“Brain reorganization following injuries.” Third
symposium on “Frontiers in Molecular
Medicine™. 19-20" January 2006; Organized by
Special Centre for Molecular Medicine,
Jawaharlal Nehru University New Delhi,

“Injuries and neuronal response,” UGC, working
conference on recent concepts in cell & animal
physiology. 10° —11" March 2006 Department of
Zoology, Panjab Umiversity, Chandigarh.

“Sensory behaviour and sensory information
processing in rodents.” 6" IHRO School of
Neuroscience, Asia Pacific Region beld during 8"
to 20" August 2005 at NCBS Bangalore.

"The Brain; A Methodological View." Lecture
given for Brain Awareness Programme held in
Department of Life Sciences, Jawaharlal Nehru
University on April 5, 2006

Neeraj Jain

'‘Reorganization in mammalian bramns following
spinal cord injuries'. Molecular Reproduction,
Development and Genetics, Indian Institute of
Science, Bangalore. March 21, 2006,

'Plasticity of sensory and motor systems in
mammalian brains'. At "Recent concepts in cell
and animal physiology'. UGC working
conference at Department of Zoology, Panjab
University, Chandigarh, March 1011, 2006

Narender K. Dhingra

Dhingra NK. Invited lecture on “Retinal Structure
and Function - How Neurons Process
Information™at 6" IBRO (Asia Pacific) School of
MNeuroscience held at NCBS, Bangalore, Aug.
2005

Dhingra NK. Popular Science Lecture on “Brain
Electricity” in collaboration with Haryana State
Council for Science and Technology (HSCST) at
Sr. Sec, School Rewan, Aug. 2005,

17




Dhingra NK. Invited lectures on “Retina: How
We Start to Sece” and “Psychophysics to
Biophysics: How Retinal Ganglion Cells Process
Visual Information™ at 31" Mahabaleshwar
Seminar in Modern Biology on “From Molecules
to Networks and Behavior™ at Mahabaleshwar,
Jan. 2006.

Borghuis BCG, Dhingra NK, Smith RCG, Sterling P.
Neighboring Retinal Ganglion Cells Provide
Independent Channels for Contrast Detection.
Poster#2278 st ARVO, USA, May 2005.

Nandini Chatterjee Singh

Invited seminar entitled 'Developmental patterns
of speech in children’, seminar on "The Cochlear
and Beyond' organised at NIMHANS, 28-29"
January 2006,

Invited seminar entitled 'A new computational
approach to study speech impairments in children’,
at “Dynamics Days”, School of Physical Sciences,
Jawaharlal Nehru University, New Delhi,
November 2005,

Computational tools to study ncural data, HT,
Mumbai, workshop on Computational
Neurpscience. October 2003,

Prasun Roy

P. Roy, Multimodal tensor imaging scross brain,
Defence Scientists Traiming Course, Institute of
Muclear Medicine & Allied Sciences, Delhi, Jan,
2006.
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P. Roy, Neurobiological Networking in the Brain.
Systems Biology Conference, Delhi University-
South Campus, New Delhi, March 2006.

P. Roy, Information Connectivily in
Neuroimaging using a Tensorial Analysis,
Symposium on Neuroinformatics &
Neuroimaging, Singapore, Nov, 2003,

P. Roy., Kh Budhachandra, Deterministic
Information Connectivity: Neurodegenerative
Disorders, Sree Chitra Institute of Medical
Science, Tnvandrum, Nov. 2005.

P. Roy, K Vani, T Ray, A Banerjee, Stochastic
Resonance Enhancement in diagnostic and
therapeutic neuroscience, Indian Academy of
Neuroscience, National Institute of Mental Health
& Neurosciences, Bangalore, Deec. 2005,

P. Roy, Use Stochastic Activation techmgue for
studying Brain disorders, Jawaharlal Nehns
University, New Delhi, Nov, 2005

Shobini L. Rao

S.L. Rao, The nature of cognitive deficits and
their measurement. 11th National Conference of
Alzheimer's & Related Disorders Society of India
DEMCON 2005, Depts. Of Neurology &
radiology, Sree Chitra Tirunal Institute §
Medical Sciences & Technology, Trivand
November 2005,



A\ DISTINCTIONS,
| HONOURS AND AWARDS




Dr. Anirban Basu

Mominated and selected as 8 member "Molecular
Immunology Forum' (2006,

Selected as an advisory commitiee member to
coordinate the functioning of the Proteomic
Facility at National Center for Plant Genomics
Research (NCPGR).

Ayan Ghoshal was awarded Dr D M Kar prize for
his oral presentation at the Annual conference of
Indian Academy of Neurosciences, 11-
14*December, 2005, NIMHANS, Bangalore,

Dr. Narender K. Dhingra

K. Vidhyasankar was selected for a shori-term
cours¢ on Human Embryonic Stem Cell
Techmigues and International Symposium on
Stem Cells and Regenerative Medicine at
Reliance Life Sciences, Mumbai, Feb. 2006,

Dr. P.K. Roy

Travel award from Howard Florey Institute to
participate in Symposium on Neuroinformatics &
Neuroimaging, at International Conference on
Biomedical Engineering, Singapore, Nov. 2005,

Ashish Upadhyay awarded the Best Participant
Award, National Workshop on NMR: From
Molecules to Mind, North Eastern Hill University,
Shillong, May 2005,

Prof. Vijayalakshmi Ravindranath

{1} Foreign Secretary, National Academy of
Sciences, India

{2) Member, Governing Council of
International Brain Research Organisation

(3) Secrctary, Federation of Asian and
Oceanian Neuroscience Societies

(4) Member, Asia Pacific Regional Council,
IBRO (2004 -2007)

(5) Member, Scientific Advisory Committee,
[BROCONGRESS, Melbourne, 2007,

(6) Member, Medical Sciences Research
Commuittee, CSIR, New Delhi

(7} Member, Programme Advisory Committee
for Medical Sciences, Department of
Science and Technology,

{8) Member. Task Force on Chronic Disease
Biclogy (TFCDB), Dept. of Biotechnology.

(9) Member, Lifc Sciences Research
Development Board (LSRDB), Department
of Biotechnology.

{10) Member Research Advisory Council (RAC)
of the Human Resource Development Group,
CSIR.

{11} Member, Standing Committee for Emeritus
Scientists and One Time Grant Besearch
Committee, CSIR.

{12} Chairman, Building Committee, Institute of
Life Sciences, Bhubaneswar,

(13) Member, Advisory Commitiee of Special
Centre for Molecular Medicine, Jawaharlal
Nehru University.

{14) Member of the Senate, Indian Institute of
Technology, Delhi,

Membership of Editorial Board of Journals:

{1} Member, Editorial Board of the International
Journal, "Neurotoxicity Research", USA,

(2) Member, Editorial Board, Neuroscience
Research, Japan

(3} Member, Editorial Board, Indian Journal of
Biochemistry and Biophysics

{4) Member, Editorial Board, Current Science
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EXTERNALLY FUNDED RESEARCH
PROJECTS




Nihar Ranjan Jana

Molecular mechanism of the pathogenesis of the
CAG repeats neurodegenerative discases (DBT).

Shyamala Mani

Regulation of neurogenesis in the cerebellum
{FIRCA-NIH, USA).

To investigate the mechanisms by which
embryonic stem cells differentiate into distinet
seuronal subtypes (DBT).

Vijayalakshmi Ravindranath

Cviochromes p450 dependent metabolism of
dfrugsin brain (NTH-RO1, USA, MHT70054).

Frabodha Swain

Understanding the role of transeription factors in
e differentiation of photoreceptors and related

sunopathies (DBT).

Pankaj Seth
Cellular And Molecular Basis of Neurobiology of
_-"ir’—IC i Human CNS cells (DBT).

Sen

iv of the signaling cascades involved in the
sliferation and differentiation of cancer stem
%5 in Gilioblastoma (DBT).

Kumar Sharma

lar and cellular mechanisms of memory
ion by massed and spaced training
s (DBT).

rban Basu

y of the molecular mechanisms of
scroglia/macrophages mediated neuro
mmation in Japanese encephalitis (DBT),

Aditya Murthy
Control of visually guided movements in humans
(DST).

Neural control of action by basal ganglia
networks (DBT).

Rema Velayudhan

Effect of cortical injuries on the
neurophysiological, molecular and behavioural
functions. (International Seénmior Research
Fellowship from the Wellcome Trust, UK).

Neeraj Jain

Information Processing in the Somatosensory
system and the Effects of Spinal and Cortical
Injuries (International Senior Research
Fellowship from the Wellcome Trust, UK).

Spinal Cord Plasticity and Rehabilitation after
Spinal Cord Injuries { Department of Science and
Technology, India under Indo-Russian ILTP
Programme).

Soumya Iyengar

Emergence of primary and non-primary auditory
cortical areas during late fetal and early postnatal
ages in humians (DBT).

Narender K., Dhingra

Replacement of Degenerating Retinal Neurons by
Electronic Prosthesis: A Study on Parameter
Optimization of Electrical Stimulus, and on
Signal Processing in Different Types of Retinal
Ganglion Cells (DBT).

Nandini Chatterjee Singh

A Computational Analysis of Speech
Impairments and Development of Subsequent
Therapies (Ministry of Communications and
Information Technology ).

8.3




Prasun Roy

Information theoretic analysis of bramn
connectivity. Tools for clinical applicability
(Ministry of Research, Govt. of ltaly).

Stochastic Resonance Effect as a new technigue
for enhancement in Computed Tomography and
Tomotherapy (MOD),

Abbreviations:

DBT: Department of Biotechnology, Govt. of
India.

DST: Department of Science and Technology,
Govt. of India.

MOD: Ministry of Defence, Govt. of India,

FIRCA: Fogarty International Research
Collaboration Award, NTH-LSA,

NIH : National Institutes of Health, USA



CORE FACILITIES




The Distributed Information Centre (DIC) of the
National Brain Research Centre manages
computing infrastructure and provides research
support in terms of analysis to research at NBRC

Infrastructure :

High speed computing is available in the form of a
SUN Enterprise 420R server with four processors,
which is connected to T300 storage arrays . The
T300 storage array is also used as a repository for
peural data and high-resolution graphics. DIC has
apgraded internet bandwidth & network tools
ensuring high speed network for NBRC. As part
of network expansion, campus wide high speed
metwork has been established with multicore fibre
optics, Cyberoam box has been implemented at
gateway level to provide a secure network. A
centralised distributed network has been setup in
the form of thin clients, windows servers &
Metwork attached storage.

All the users are connected to this server
hrough the local area network. DIC has balanced
manpower with are four programmers focusing
on in-house development, seven computer
‘eperators assisting in technical problems in
‘wddition to helping the scientists and three system
gers handling the servers. All the technical
‘sssociates and non-technical members of NBRC

DISTRIBUTED INFORMATION CENTRE (DIC)

have been provided with powerful PCs running
Windows 2000 Professional/ XF,

Research Support

Owver the past year, efforts have been made to
develop specialized manpower in DIC. Training
is being imparted to DIC personnel for the
analysis of MRI images, DIC staff 15 also playing
an active role in assisting the speech and language
laboratory for acoustic analysis. The DIC staft
continues to provide assistance to students and
faculty in the analysis of microarray data and
DMNA sequencing. DIC has also set up a
neuroscience portal to enhance information and
associations amongst neuroscientists in India and
across the world.

New Initiatives

In liew of the upcoming Imaging facility at NBRC,
DIC 1s involved in integrating the fMRI facility to
the existing network and to procure increased
storage to handle new image data. We are also
making efforts to develop new computational
techmiques for faster and efficient analysis of
neural data which would benefit the neuroscience
commumty .
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ANIMAL FACILITY

NBRC has an excellent animal facility, which
meets all national and international standards. In
order to meet the diverse requirements of
scientists at NBRC the animal facility is
maintaining and breeding many species of
laboratory animals which includes seven strains
of mice including transgenic mice, knock-out
mice and mutant mice, three strains of rats, rabbits,
guinea pigs, zebra finches and non-human
primates,

The animals are maintained under
controlled environmental conditions as specified
in CPCSEA guidelines with temperature between
22 £ 2°C, humidity between 45-55 %, 12:12 hr
light- dark cycle and 12-15 air changes per hour
with 100% fresh air,

All animal species are housed in cages that
meet or exceed CPCSEA guidelmes. The outdoor
play area for non-homan primates has wix large
interconnected enclosures that provide a flexible
layout for optimising enrichment and social
interactions. The transgenic, knock out and
mutant mice are housed in individually ventilated
cage system (IVC) and filter top cages. Feed and

water analysis 1s cammied out periodically to ensure
nutritional quality and microbial contamimation.

The animal facility has a state of art
surgical operation theatre equipped with gas
anaesthesia machine, heart rate monitor, pulse
oximeter, surgical microscope, intensity
controlled surgical hghts, bead sterilizer and
ethyvlene oxide sterihizer for sterilization of
surgical instruments, and an ultrasonic instrument
cleaner. The facility is equipped with a necropsy
room, perfusion room with a custom made
perfusion hood for use with paraformaldehyde,
deep freezer and incinerator,

A high degree of hygiene is maintained by
practicing regular cleaning and sterilization of
cages, water bottles, bedding, feed, and regular
disinfection of rooms.  Heavy-duty steam

autoclave 15 used for sterilization of the cages,
water bottles, bedding and feed, A hot water
vapour jet machine is used for cleaning rabbit and
primate cages.




DIGITAL LIBRARY

The NBRC Library plays a vital role in the
collection, development and dissemination of
scientific and technical information to meet the
present and future needs of the centre It also
provides facilities and support to the Scientists,
researchers, students, staff  and 1ts networked
centers.

The NBRC library has good collection of
Joumnals, books and other relevant rescarch
materials on Neuroscience, Biochemisiry,
Genetics, Molecular Biology, Immunology &
Microbiology, Pharmacology and Toxicology,
Psychology, Physics, Mathematics, Computer
Science and General Subjects. NBRC Library is
currently subscribing to 500 journals, of which
393 are online and others are in the printed hard
copy formats. Library is also subscribing
Newspapers, News Letters, The Collection of
NBRC Library is growing rapidly in view of the
extensive research and knowledge in the field of
Neuroscience and related areas.

The list of collections available at NBRC
is now being digitized 1o provide optimum service
and full access 1o the users. LSEASE software is
being used for digitization of collections. It also
helps in efficient library operations viz.
administration, acquisition, circulation, senal
control, cataloguing, information retrieval etc.

The NBRC Library has setup 20 IBM PC-
Pentium-1Y Computers with ISDN Internet
facility in the common room to provide services
for use of researchers and students at NBRC. The
Library provides access to the most current
reference sources available in order 1o assure the
sccuracy of information. The Library has been
providing electronic access to the subscribed
journals within campus portal. It is maintaining
digital archives and clippings of the centre.

A total of 240 registered users including

Scientists, Researchers, students and other staff
use the NBRC library facilities. The NBRC

Library also provides the services of “Inter
Library Loan™ to the 47 Networked Centres at all

researchers, scientists and students send their
requirement for research matenal or journal
articles  through ¢mail to NBRC Library

(library@nbre.ac.in) and staff of library
download the articles / papers / information and

send the same to the requestors free of cost. The
library entertains an average of approximately
380 articles every year and such requests are
Increasing

The NBRC Library regularly evaluates its
information services to ensure that the
Institution’s requirements are met. The Library
promotes resource sharing and cooperation
activities amongst libraries by providing efficient
and reliable means of resource sharing .1t does this
by providing inter library loan for maximum users
of resources, and copies of the documents that are
not available in their respective libraries.

The Main Activitics of NBRC Library

1. Book Acquisition

2 Periodicals Acquisition

3. Selective Dissemination Information
(SDI),

Current Awareness Services (CAS)

Inter Library Loan

Resource Sharing

Circulation services

Reference Services, Bibliographic
services

9, Indexing and Special Services

10.  Collects maintains, store and retrieves
information and data keeping in the view
of evolving needs of its researchers

11.  HelptoNetwork Centres,

e S B B

The main aim to the NBRC Library staffis
to provide excellent services to the scientists,
rescarchers, research associates, students of
NBRC and all centers associated with the institute,
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NATIONAL FACILITIES




DNA MICRO-ARRAY FACILITY

\Genomic microarray R&D program on Infectious
@seases and neurological disorders)

The core DNA microarray facility established at
MNational Brain Research Centre has a broad goal
of catering the need of high throughput genetic
sools required for answering neuroscience related
e ions posed by the scientist working in the
Beld. The facility provides all basic platforms to
mecute 3 mMICroarray experiment using pre-
rayed microarray slides. The facility is available
e all scientists across the country inclined to work
neuroscience related fields.

The microarray facility was
pemmissioned in September 2002 at the NBRC
meerim facility at Gurgaon. Different instruments
form the part of current set-up includes a
satile scanner (Typhoon 9210), both for

=scence and phosphorescence scanning
wcations; an automated hybridization station;

4 SEQUENCING FACILITY

uses the MegaBase TM 1000 DNA
15 system to perform DNA sequencing.
data generated by this system is processed
& sequence analyser to determine the order
Base pairs in DNA samples. Base calling
ithms are used to analyse the raw data. The

robotic liguid handling system and Real-Time
PCR. The research areas that have been using
such microarray experimentation m NBRC
includes monitoring changes in the
neurodegenerative diseases, changes in
nutritional deficient mice brain and
understanding role of different signaling
molecules in the functioning of retinal
photoreceptors. NBRC has also provided hands
on training to students and faculty from other
institutes, They use both labeling of mi::mm*my
and subsequent down-stream processing of the
data acquired in the microamray experiments.
Personnel from DIC at NBRC have been trained
to provide basic services required in data
acquisition, and statistical normalization of the

“microarmay data,

accuracy and length of the sequence generated
depends on quality and quantity of the DNA
prepared. Once the analyzed sequence is obtained,
the sequence is subjected to a BLAST search to
verify the cloned gene,
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#h.D. NEUROSCIENCE

NBRC was awarded Deemed University status in
22 by the Human Resources Development
Ministry based on the recommendations of the
Accreditation Council of the University Grants
Commission and it is the first Institute of the
Department of Biotechnology to achieve this
satus.

NBRC recruits studenmts for its PhD.
program from diverse backgrounds including
Masters degree in any branch related to
Neurosciences, M.B.B.S., B.E., or B.Tech or
Psychology. NBRC recognizes that
anderstanding brain functions requires a fusion of
knowledge from multiple disciplines. The
‘sdmission notificabion o neurosciences 18
gublished through advertisements i widely
- d national newspapers and on the NBRC
website and prospective students can  also
download application forms from the website.

sdents are chosen after a rgorous screening
ocess and two rounds of interviews with
smbers of the faculty to ensure that only the
pst deserving are chosen for the Ph.D.
POETHITITIE,
Fifteen students were admitted to NBRC
its PhD programme in 2005. The Ph.D.
sgramme at NBRC has two components -
purse work (including lab rotations), and
h work. The first year of the programme
sists of course-work encompassing different
mpects of neuroscience. Courses are taught by
' faculty members as well as external

. NEUROSCIENCE

SRC conducts a two-year course M.Sc.
gramme in Neuroscience to develop trzined
spower having a broad overview of different
xcts of neuroscience. This course was first
peiated in 2004, Ten students from vanous
kgrounds such as MBBS/BE/B.Sc./B.A. were
stted to NBRC for its M.Sc programme in

faculty members from the industry and institutes
with expertise in specific areas. These include the
major disciplines of neuroscience, such as
neuroanatomy, neurophysiology, neurochemistry,
molecular neuro-biology, development and
regeneration, neurogenetics, systems
Neurdscience, cognitive neuroscience, systems
and clinical neuroscience, and computational
neuroscience, Students also do three month long
laboratory rotation during this peried in three labs,
choosing from amongst faculty working in the
major areas of molecular, systems and
computational neuroscience. In addition students
also complete wntten assignments and present
seminars as part of their course-work. Throughout
their tenure at NBRC, Ph.D. students are required
to attend and present scientific papers related to
neuroscience at the weekly Journal Club, which is
assessed by NBRC faculty, First year Ph.D.
students who successfully complete their
coursework and a comprehensive viva-voce
examination conducted by a panel of external
examiners and NBRC faculty members, can
register for obtaining their Ph.D. degrees.
Students then join different laboratonies at NBRC
to complete their dissertation research work, The
goal is to train Ph.D. students with an
understanding of different aspects of
neuroscience integrating information across
traditional boundaries.

2005, The first year comprises of course-work
taught mainly by the NBRC faculty. Subjects
include theory and practical knowledge of
neuroanatomy, neurophysiclogy, neurochemistry,
molecular neurobiclogy, systems neuroscience,
computational and theoretical neuroscience,
cognitive and clinical neuroscience.




Experts in different fields from other
mstitutions and universities are also invited to
teach students as part of the course work. Students
join different laboratonies m their second year and
work on a research project under guidance of
NBRC Faculty towards fulfilling one of the
requirements for their masters’ degree. Students
are provided hostel accommaodation and a stipend

of Rs. 1000/~ per month, The students who
complete the M.5c progrmmme become highly
skilled candidates for the Ph.D. programme in
newrosciences that are currently being conducted
in the country. NBRC 15 onc of the first institutes in
the country to develop an integrated multi-
disciplinary teaching programme in life seiences.

Summer Training and Short-Term Programmes

NBRC has a summer training programme for
students of other academic institutions for project
work as part of their post-gradunte training,
Students from different academic institutions and
universities in the country were accepted in 2005
for summer traming. Ther apphoations were
screcned and they were selected based on
availability of vacancies in different laboratories
at NBRC. Each student completed a short project
with an NBRC faculty member and learnt
research methodologies pertaiming te a
specialized area of neuroscience. Summer
trainees were also encouraged (o attend seminars
and journal clubs organized at the Institute. The

LiH)

summer training projects give students an
exposure (o neuroscience and to encourage them
to consider 11 as a future carcer option. The
Institute also conducts joint workshops with
varieus mmstitutions on Computational
Neuroscience to raise the level of awareness and
problems in Neuroscience amongst students with
technical background. NBRC also has a
programme 1o train  post-doctoral fellows ot
various other neuroscience centres. A science
awareness camp for students from 5 schools
selected by Haryvana State Council for Science
and Technology was organized at NBRC in
December 2005.
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INTERNATIONAL COLLABORATIONS

International collaborations help building
bridges between Indian neuroscientists and the
nternational neuroscience community through
exchange programs and promote excellence in
science. In a very short span of time, NBRC has
made great strides in establishing such
collaborations with various prestigious
neuroscience institutions in different countries
“around the world.

United States

NBRC signed an MOU with the National Instirate

of Mental Health (NIMH), USA. Significant
‘progress has been made since then and there is
communication channel open between scientists
from the two countries for exchanging ideas and
expertise. An NIH-RO1 grant has also been
awarded o Dr. Ravindranath,

Japan

Dr. Nihar R. Jana's laboratory at NBRC is
collaborating with Dr. Nobuyuki Nukina of the
RIKEN Brain Science Institute, Japan to study the
pathogenesis of the CAG

Russia

Dr Necraj Jain and other NBRC scientists have a
collaborative research project entitled “Spinal
cord plasticity and rehabilitation after spinal cord
mjuries” with Dr Yuri Gerasimenko. Dr Valene
Avelev and other scienbists at Paviov Institute,
Russia to develop technology to improve
recovenes from spinal cord mmjunes.

France

Dr. Pierre Gressens and Dr. Shyamala Mani have
been awarded an INSERM-ICMR collaborative
grant to study the effect of matermal malnutrition
on the developing brain of the fetus and also plan
to use stem cells for neonatal neuroprotection. In
addition, Dr. Hicks and Dr, Prabodha Swain have
written a grant proposal for funding under Indo-
French programs to facilitate their research
collaborations.

Italy

An Indo-ltalian agreement on neuroinformatics
has been signed under the auspices of which
research will be initiated in memory and language
impairments in the carly stages of Alzheimer's
Disease using multimodal imaging technigues
(PET, SPET; MRI) and the development of grid
computing networks in research areas of comman
interest. Furthermore, the ltalian Ministry of
Education and Research has approved for funding

a collaborative proposal between Dr Prasun Roy,

NBRC, and Dr Patrizia Baraldi, University of
Modena and Reggio Emilia, on tensor imaging
and brainconnectivity.

NETWORKING

A major goal of NBRC is to network the existing
neuroscience groups/ institutions in the country
and promote multidisciplinary research in
neuroscience. This is aimed to prevent
unnecessary duphcation of the work and facilities
already existing. It also facilitates sharing of
expertise and available infrastructure for mutual
benefit. Networking also helps to bring together
researchers from varying backgrounds 1o pursue
common objectives that may be beyond the
capacity of an individual investigator, group or
institution.  This is imporiant because major
achievements in neuroscience are being made
through a multidisciplinary approach by bringing
together scientists working in different
disciplines mto the main stream of neuroscience
and brain research activity. The networking is
possible by information sharing through
electronic network and i1dentifying
“Collaborating™ centres for mutual interaction,
Currently 47 centres throughout India are
networked to NBRC, The following
institutions/universities are member of our
network activities




LISTOFNETWORK CENTRES:

10.

11
12

£

13.

104

All India Institute of Medical Sciences
(ATIMS), New Delhi.

Banaras Hindu University (BHU), Varanas,
Bangur Institute of Neurology, Kolkata,
Centre for Behavioural and Cognitive
Sciences (CBCS), University of Allahabad,
Allahabad.

Centre for Cellular & Molecular Biology
(CCMB), Hyderabad.

Central Drug Research Institute (CDRI),
Lucknow.

Centre for DNA Fingerprinting and
Diagnostic, Hyderabad.

Central Food and Technological Research
Institute (CFTRI), Mysore.

Cochin University of Science and
Technology, Cochin.

Department of Biotechnology. New Delhi,
Dethi University, South Campus, Delbhi,

Dr. A. L. Neurosurgical Centre, Chennai.
Indo American Hospital Brain and Spine
Center, Kerala.

Institute of Cybernetics, Systems and
Information Technology, Kolkata.
International Centre for Genetic
Engineering and Biotechnology (ICGEB),
New Delhi.

Institute of Genomics and Integrative
Biclogy (1GIB), Delhi.

Institute of Human Behaviour & Allied
Sciences {IHBAS), Delhi,

Indian Institute of Information Technology
(I1IT), Allahabad.

Indian Institute of Technology (IIT),
Mumbai,

Indian Institute of Technology (11T}, Delh.
Indian Institute of Technology (1IT), Kanpur.
Indian Institute of Science (115), Bangalore,
Indian Institute of Chemical Biology (IICB),
Kolkata

Institute of Nuclear Medicine and Allied
Sciences (INMAS), New Delhi.

26.
27.
28.
29.
30.
3l
32,
33.

34.

35.

36,

31

38.

39.

41.

42,

43,

Industrial Toxicology Research Centre
(ITRC), Lucknow.

Indian Statistical Institute, Kolkata.
International School of Photomics, Cochin,
Jagadguru Sri Shivarathreeshwara Medical
College, Mysore

Jawaharlal Nehru University (JNL), New
Delhi.

Jawaharlal Nehru Centre for Advance
Scientific Research (JNCASR), Bangalore,
Jiwaji University, Gwalior.

M.S. University of Baroda (Dept. of
Microbiology and Biotechnology Centre),
Baroda.

Natonal Centre for Biwlogical Sciences
{NCBS), Bangalore.

National Informatics Centre (Medical
Informatics and Telemedicine Division),
(NIC) New Delhi,

Mational Institute of Mental Health &
Neuroscience (NIMHANS), Bangalore,
Nizams Institute for Medical Sciences
(NIMS), Hyderabad,

Rajiv Gandhi Centre for Biotechnology,
Trivandrum

MNational WNeuroscience Centre (NNC),
Kolkata.

Sanjay Gandhi Post-Graduate Institute of
Medical Sciences (SGPGIMS), Lucknow.
School of Information Technology, West
Bengal University.

Shree Chitra Tirunal Institute for Medical
Sciences and Technology,
Thiruvanthapuram,

Sri Venkateswara Institute of Medical
Sciences, Tirupati.

Tata Institute of Fundamental
Research (TIFR), Mumbai.

University College of Medical
Sciences (UCMS), Delhi,

Umiversity of Hyderabad, Hyderabad.
University of Caleutta, Kolkata.

Vidvasagar [nstitute of Mental Health  and
Neuroscience (VIMHANS),  New Delhe



INVITED SPEAKERS

]‘?ﬁ. Name of the Speaker From Title of the seminar Date
1| Prof. Sushanta Director, SN Bose Centre | “The Myth about April 26" 2005
Dattagupta for Basic Sciences, Einstein™
Kolkata
2 | Dr. Hari Shankar | Laboratory of “Pathophysiology of  |April 20% 2005
Sharma Cerebrovascular Research, | Hyperthermic Brain
Dept, of Surgical Injuries and
Sciences, Div. of Neuroprotection.
Anaesthesiology & Recent Perspectives
Intensive Care Medicine, | and Future Strategies™
University Hospital,
Uppsala, Sweden
3 | Dr. Gary Egan Principal Research Fellow | “Understanding human | April 28" 2005
& Associate Professor, mathematical and
Group Leader, reasoning ability using
Neuroimaging & fMRI imaging and
Neuroinformatics, computational
Howard Florey Institute, | modeling.™
University of Melbourne,
Victoria 3010, Australia
4 | Dr. Ellora Sen Research Associate at the | " Transcriptional May 2 2005
Dept of Neurology and Networks and
Neurosciences, New Differentiation:
Jersey Medical School, Familiar Terms, New
University of Medicine understanding”,
and Dentistry, New
Jersey
5 | Dr. Ravinder Singh | Associate Professor, Bioinformatics, RNA | May 27" 2005
University of Colorado, Processing and Sex
USA determination
6 | Dr. Verrareddy Department of Biomedical | Role of alpha synuclein | July 1" 2005
Anantharam Science lowa State in oxidative stress
University (ISU), Ames, | induced dopaminergic
1A, USA cell death: Relevance to
the Pathogenesis of
Parkinson's disease
105
r



1)

11

12

13

14

Dr. Parvesh Bubber

Dr. Arun Snpati

Dr. Olivier Faugeras

Prof. Hari Eswaran

Dr Tej Kumar
Parcek

Dr. Mani
Mahadevan

Mr. C.5. Shashikant

Dr. Raj Puri,
MD, PhD

Weill Medical College of
Comnell University, New
York

Johns Hopkins University

Research Director, INRIA
France

College of Medicine,
University of Arkansas,
USA

Functional Genomics
Section, National Institute
of Dental and Craniofacial
Research, USA

University of Virginia,
USA

Associale Professor,
Molecular &
Developmental Biology,
The Pennsylvania State
University

Darector, Division of
Cellular and Gene
Therapies, Office of

Abnormalities in TCA
cycle in Alzheimer's
disease,

“What does the hand
tell the brain? A model
for mechanoreceptive
afferent responses.”

“The new frontier:
observing and

| modeling the human

brain™

“Development of
Visual system in the
fetal brain™

CDkS5 activity regulates
pain signaling

*RNA wxicity a novel
disease paradigm: A
reversible mouse mode]
of RNA toxicity and
cardiac conduction
defects”

“Comparative
regulatory analysis of a
vertebrate Hox gene™

“Expression and
targeting of Interleukin-
13 receptor for Brain

Cellular, Tissue and Gene | Tumor therapy™

therapies, FDA/Center for
Biologics Evaluation and
Research, NIH Building
29B Room 2NN20, 29
Lincoln Drive, HFM 710,
Bethesda

Sept 15™ 2005

Oct 24" 2005

Nov 257 2005

Dec 6" 2005

Dec 14" 2005

Dec 20™ 2005

Dec 22 2005 |

Dec 29" 2005




Neuropsychiatric Institute,
Los Angles, CA, USA

Sherman Fairchild
Professor of
Neuroscience, Department
Head, Department of
Brain & Cognitive
Science, MIT

Division of Biology,
California Institute of
Technology, California,
USA

Kyushu Institute of
Technology, Graduate
School of Life Science
and Systems Engineering,
Department of Brian
Science and Engineering

University of Connecticut
Medical School,
Farmington, CT

Aszistant Professor of
Neurology, The George
Washington University,
Usa

of NMR,
AIIMS, New Delhi

University of

Washington, Seattle

“Late-life clinical
depression-clinical and
neuroimaging
comelates.™

How brain wiring
creates brain function

“Folded Gastrulation: a
secreted ligand
involved in embryonic
axon guidance and glial
morphogenésis in
Drosophila.”

“Neural Mechanisms
underlying behavioural
conirol by the opc
tectum of the frog.”

Jan 4™ 2006

Jan 10™ 2006

Jan 12 2006

Jan 20™ 2006

Jan 25% 2006

Jan 27% 2006

Jan 3172006

Feb 14 2006
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March 2™ 2006

March 6" 2006

"Complex Synchronization | March 8* 2006

23 | Dr. M.V. Padma Professor, Department of | “Hyperacute treatment

Srivastava Neurology, AIIMS, New | of ischemic stroke;

Delhi Present strategies and
future avenues,”
24 | Dr. Rajesh Varma | University of Californta | “Magnetic Resonance
Los Angeles, CA, USA Imaging in Patients
with Congenital Central
Hypoventilation
Syndrome and Heart
Failure”
25 | Prof. Juergen University of Portsdem,

Kurths Germany -a general approach (o
analyze physiological and
neuroscientific data,"

26 | Dr. Harish C Pant Chief, Cytoskeletal, "Cyclin dependent
Regulatory Protein Section, | kinase 5 (Cdk5) : Role
Laboratory of in BETvVous system
Neurochemistry, NIH, function."
Bethesda
108
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WORKSHOP ON COMPUTATIONAL
NEUROSCIENCE 2005

['he course on Computational Nedroscience 2005
conducted at 0T Bombay provided a detailed
exposure o basics of neuroscicncee and
compotaion:l methods, € omputaiional models
and experniments addressing information
processing at vanous lévels such as cellular,

systems and cognitive were the central theme of

this course. Additionally, related topics iIn
Artificial neural networks;, Neuroimaging,
Machine learning and Al were covered,
MELRON, Matlabh, Genesis, and Scilab wolkils
were used for demonstrations and exercises to
gain a deeper understanding of the concepts and
methods introduced n the course. Pamcipants
WElTE LthIL_EIIL'LJ ?1|!III-!'|I-\."'|I_"L'|!-- iy ol ir1;.__' -.'|1r1|p'.1ln:|
simulations to be completed by the end of the
course. Enunent researchers working in vanous
mnstitutions such as NBRC, NCBS, [IT Bombay,
(T Delhi, HT Madras, University of Hyderabad,
and Johns Hopkims University (USA) delivered
lectures. The course was planned with 5 theory

[hecee:

National Bra

sessions every day between %:30am and 4pm,
followed by 2 lab sessions between 4:30 and
f:30pm. Thus the course comprised a total of 50
one-hour theory sesstons and 20 one-hour lab
sessions, adding up to a fairly intensive week for
the parbicipants. The speakers and participants
represented all regions of our country and this was
very sigmificant and gratifving.

SECOND FOUNDATION DAY
CELEBRATION

The 2nd Foundation Day of NBRC was
celebrated on 16th December, 20005 at NBRL
premises, The chielf guest Dr. M.K. Bhan
delivered an ispinng speech ty the students and
faculty members. The day was also declared nn
open day. Around hundred students from five
schools in Harvana were mvited to NBRC on
open day. They took keen interest in gathering
knowledge on the bratn and 115 functions, A quiz
programme on the briun was conducted and two
students represented cach school. Prizes were



distributed to the winners and runners up teams
and participation certificates were given to all
participants. A Poster exhibition was also
organized for the public and studentsdepicted on
posters the various aspects of research that was
being undertaken at NBRC. As part of Foundation
day rank certificates were handed over to the Ist
and 2nd rank holders for the M.Sc-2004 and
Ph.D-2004 batch,

THE LATE DR. B. RAMAMURTHY
MEMORIAL LECTURE

The National Brain Research Centre imitiated a
lecture series in memory of the late Dr. B.
Ramamurthy who played a pivotal and important
role in setting up this center. The first lecture in
this series was delivered by Prof. P Balaram,
Director, Indian Institute of Science, Bangalore
on the 30th of January 2006, which was also the
birth anniversary of the late Dr. B. Ramamurthy at
the Institute campus in Manesar,

Prof. PN, Tandon, the Chairman of the
NBRC Society presided over the function. Dr. B.
Ramamurthy's son Dr. Ravi Ramamurthy also
attended the function and spoke on the occasion,
Prof. Tandon and Prof. Ravindranath, the director
of the institute both reminded the gathering about
the mmportant role played by the late Prof. B.
Ramamurthy in the setting up of a centre devoted
to research in Neuroscience.

In his scientific oration, Prof. Balaram
discussed the isolation and characterization of
novel peptides from venom extracts of marine
cone snails. He showed how these peptides were
able to specifically target subtypes of 1on channels
that are very closely related.

The lecture was widely attended by
members of the scientific community besides the
stafland students of the [nstitute,
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PEOPLE AT NBRC

SCIENTIFIC STAFF
Scientists

Prof. Vijayalakshmi Ravindranath
Dr. Shobini L. Rao

Dr. Neeraj Jain

Dr. Rema Velayudhan
Dr. PK. Roy

Dr, Narender K. Dhingra
Dr. Shiv Kumar Sharma
Dr. Pankaj Seth

Dr. Aditya Murthy

). Dr. Shyamala Mam

11, Dr. Soumya lyengar

12, Dr. Nandini C. Singh

13, Dr Nihar Ranjan Jana
14, Dr. Prabodha K. Swain
13, Dr. Anirban Basu

16. Dr. Ellora Sen

oot il HE oY e o i M

Post Doctorate Fellows

Dr. Renuka Ramachandran
Dr. K. Vani

Dir. Sarath Babu

Dr. R.C. Kumar

Dir, Savali Ranade

Dr, Madhumata P. Ghosh

Dr. Ramesh Kumar Mishra
Dr. Sudharshana Purkayastha
. Dr. Soumya Ghosh

=B TN - TR S T N

Ph.D. Students

1. Mr Reddy Peera. K.
2. Mr. Supriya Ray

3, Ms. Rashmi Mishra
4. Mr. Anand Goswami
5, Ms. Latika Singh

o B

13,

Mr. Sandeep Kumar

Ms. Priyanka Dikshit

Mr. Manoj Kumar

Ms. Smitha Karunakaran
Mr. Ziauddin

Ms. Chinmoyee Maharana
Mr. Alok Gupta

Mr. Leslee Lazer

Ms. Nazia Khurshid

Ms. Shalaka Mulherkar
Mr. Kh. Budhachandra Singh
Dr. Raka Maitra

Ms, Mamata Mishra

Mr. Arjun

Mr, Manoj Kumar Mishra
Mr. Niranjan A. Kambi
Mr. Anshul Shrivastava
Mr. Patel Dharmesh Kumar
Mr. Shashank Tandon
Ms, Uzma Saeed

Mr. Amit Mishra

Ms. Varsha Agarwal

Ms. Manisha Chugh

Mr. Shailesh K. Gupta
Ms, Sulagna Das

Ms. Rupali Srivastava
Ms. Neha Sehgal
Mohammad Hisham P.M
Ms. D. Lalitha

Mr. Vivek Sharma

Ms, Richa Tewari

Ms. Tanushree Das

Ms. Radhika Rajan

Mr. Nitin Koul

Ms. Shilpa Mishra

Mr, Subhadip Paul
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42.  Mr. Parthiv Haldipur
43. Mr. Jai Prakash Sharma
44, Ms. Rachna Duseja

M. Sc¢ (Final) Students

Mr. Tanuj Gulati

Ms. Bhavana Shrivastava
Mr. Vishal Kapoor

Ms. Geetika Phukan
Ms. K.M. Sharika

Mr. Ayan Ghoshal

Mr. Pranav Oberoi

Mr. Rahul Chaudary
Mr, Dhrubjyothi

Mr. Sourojit Bhowmick

o il B B e A o

=

M. Se (Previous) Students
Mr. Suchant Katyval
Ms. Anasuya Das
Ms. Anindita Agarwal
Mr. Cherukuri Pitchaiah
- Vivek Swarup
Ms., Anushree Tripathi
Mr. Ausaf A, Farooqui
Ms. Shrutu Muralidhar
Ms. PM. Rubeena
0, Ms, Garmma Singhal

SEEHD LR =
=

Project Assistants

Mr. §. Sriram Saravanan
Mr. K.B. Ramakrishnan
Mrs. Moopur Agarwal
Mr. Prakash Joti

Ms, Richa Tewari

Mr. M, Sasidhar Reddy
Ms, Radhika Rajan

Ms. R. Suyjamitha

0, Ms. Mamsha Srivastava
1. Ms. Mou Chatterjee
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Ms. Snehal K. Chokhandre

12, Ms. Precti Kohh

13, Mr. Jeet Singh Khushdil
14, Ms. Anindita Bir

15, Mr. Kiran Kumar Bahi

16, Ms. Susmita Richong

17. Ms. Subashini Sudarshan
18, Mr Amit Raj Gupta

19. Mr. Chetan Nagaraja

20,  Mr, Verrivel

21. Mr. K.J. Stanley

22, Mr. Vishnudev Ramachandra
23, Mr. R. Khader Vall

24, Ms. T. Padma Subhadra
25. Ms. Shalini Dhiman

26.  Ms. Gunjan Joshi

27. Mr. Bibhudatta Mishra

28, Mr. Nishant Kumar Mishra
29, Mr. 5. Khalelulla Saheb
0. Mr. K. Vidhysankar

31. Ms. Sonia Baloni

32.  Mr. Shrikanth Kulashekhar
33. Ms A8 Meena

34,  Mr, Amit Saxena

TECHNICAL STAFF

Dr. Shikha Yadav

Mr. Satyananda Gupta
Mr. Rajbir Singh

M. Bandita Bagchi

Mr. Arvind Singh Pundir
Mr. D. Narender

Mr. Durgalal Meena

Mr. Sanjay Kumar

Mr. Irshad Alam

10, Mr, Manish Kumar

11, Mr. P. Manish

12.. Mr. Dil Bahadur Karki
13, Mr. Mahender Kumar Singh
4. Mr. Jitender Ahlawat

15, Ms. Pooja Sethi
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I6. Mr. Han Hara Knishnan
I17. Mr. Jothi Basu V.

I8, Mr. Mithlesh Kumar Singh
19. Mr. DD. Lal

20.  Mr. Mahendra Singh
21.  Mr. Suresh Kumar

22, Mr. Ankit Sharma

23, Mr. T. Saravanaraju

24, Mr. Kumar Vikas

25, Mr. Samresh Singh

26. Mr. Prasanna V.K.

ADMINISTRATIVE STAFF
Sh. K.V.5. Kameswara Rao
Wg. Cdr S.K. Banerjee
Maj. B V Ram Kumar

Mr. Surya Narayan Mishra
Mr. Santosh Kumar

Mr. PK. Srivastava

Mr, Immanuel Alexander
Ms. Beena

Ms, Pooja Gosain

w
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14,
11.
12,
i F

NBRC CONSTRUCTION PROJECT

Mr. Anuj Kumar Gupta
Mr. M. Sreenivas Rao

Mr. Bhupender Pal Sharma
Mr. Surender Kumar

STAFF

Mr. Sanjeev K. Chaudhary

2. Mr. MVR Phanendra
DIC STAFF

1. MrDVMN.S. Sarma

2. Mr K.V.N. Kasyapa

3. Mr. Deepak Jain

4.  Mr. Kedar Singh Bajetha
5. Mr. P.V.S. Shyam Kumar
6. Ms. Reema Saxena

7. Mr. Anoop Singh

8.  Mr. Sanjeev Bhardwaj

9. Ms. Manjubala Bansal
10, Mr. Ashish Kumar Upadhyay
11. Mr Venkata Srinivas B.
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MEMBERS OF NBRC SOCIETY

Prof. P.N. Tandon (President)
No. 1, Jagriti Enclave

Vikas Marg Extn

New Delhi — 110 092,

Dr. M.K. Bhan,

Secretary,

Department of Biotechnology,
Lodhi Read, CGO Complex,
New Delhi — 110 003,

Prof. V.5. Ramamurthy

Secretary

Department of Science & Technology,
Mehrauli Road, '
New Delhi— 10016,

Prof. N.K. Ganguly
Director-General

Indian Council of Medical Research
Ansari Nagar

Mew Dethi — 110029,

Dr. Sandip K Basu

Professor of Eminence

National Institute of lmmunology.
Aruna Asaf Ali Marg,

New Delhi — 110 067,

Dr. K. Vijayaraghavan

Director

National Centre for Biological Sciences
LAS-GEKVEK Campus

GEKVK P.O.

Bangalore — 560 (635,
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Prof. Vijayalakshmi Ravindranath
Director

MNational Brain Rescarch Centre
Nainwal Mode

Manesar — 122 (150

Shri. K.P Pandian,

JS&FA

Department of Science & Technology,
New Mehrauli Road,

Technology Bhavan, Near Quiub Hotel,
New Delhi - 110 016.

Dr, Gourie-Devi
Director (Rewd )
Flat - 9, Doctors Apartments,

Vasundhara Enclave,
Delhi — 110 054,

Dr. L.M. Patnaik

Scientist

Micro Processor Application Lab

Dept. of Computer Science & Aulomation
Indian Institute of Science

Bongalore — 560 012,

Dr. Kalluri Subba Rao
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