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Foreword

Dear Members,
My warm greetings to all members of the Indian Society of Cell Biology!
In this issue of the Cell Biology Newsletter, we are pleased to convey news about ISCB and share the
excitement of new discoveries in the field of biomedical research. In recent years, a primary goal in
biomedical research has been to comprehend the cellular basis of diseases in order to design more
effective therapeutic strategies. We have interesting articles on important human diseases in this issue of
the newsletter.
The major activity of ISCB is the annual All India Conference in Cell Biology, which was held at
BARC, Mumbai in October 2012. We trust that the Conference provided a scientifically stimulating and
rewarding experience for all delegates. The Prof. S.P. Ray-Chaudhuri 75th Birthday Endowment lecture
was delivered by the distinguished scientist Prof. Tapas Kundu from the Jawaharlal Nehru Centre for
Advanced Scientific Research, Bangalore. Abstracts of key presentations as well as highlights of the
meeting are presented in this Newsletter.
I would like to take this opportunity to greet the newly elected members of the Executive Committee
of ISCB for the years 2013-2015. We wish them all success in assuming the responsibilities of the
Society and enhancing the stature of the Society. It is heartening to note that in the past few years the
Society members have made a renewed commitment to improve biology teaching in the country. This is
an important activity of the Society, which funds part of the cost of holding lectures and workshops.
We look forward to your active participation in the next annual conference which will be held in
Bangalore in December 2013.

Yours sincerely,

Veena K Parnaik
President, ISCB
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From Secretary and Jt. Secretary’s desk

D. Kar Chowdhuri

S.K. Rath

Dear Members,
At the outset, we extend our greetings to all the members of the Indian Society of Cell Biology.
We have recently completed our term and this issue of Cell Biology Newsletter was expected to be
on your table before the end of the last financial year. Unfortunately, we could not bring out the issue
for which we deeply apologize before all the members of the society and especially to the contributors.
You might be aware that last year, All India Cell Biology Conference, an annual meeting of the
society was held at BARC, Mumbai during October 17-19, 2012. We trust that the Conference provided
a scientifically stimulating and rewarding experience for the all delegates. On a happier note, it is worth
mentioning that during that meeting, 14th. Prof. S.P. Ray-Chaudhuri 75th Birthday Endowment lecture
was delivered by a distinguished scientist of this country, Prof. Tapas K. Kundu from Jawaharlal Nehru
Centre for Advanced Scientific Research, Bengaluru. Apart from the meeting highlights, the News letter
contains the abstracts of the award winning students.
The society also endeavours to promote cell biology education among school and college teachers
and students through lectures cum demonstration cum hands-on-training programmes. Several of our
members have actively participated in these activities. We are pleased to inform you that during March
2013, a hands-on-training cum workshop on various cell and molecular biology techniques was
organized by Dr. Monisha Banerjee, Associate Professor, Department of Zoology, Lucknow University
and also the treasurer of the society under the aegis of ISCB. Similarly, Dr. Chandan Goswami, NISER,
Bhubaneswar during this financial year will organize another teaching cum hands-on-training workshop.
Both these activities are generously funded by the society.
It is also worth mentioning that the 37th. All India Cell Biology Conference will be held in Bengaluru
during the third week of December 2013 and we sincerely look forward to your active participation in
that meeting. You will hear from the organizers in due course of time.
With this, we heartily welcome our newly elected Executive Committee of ISCB for the period
2013-2015.
Last but not the least; we convey our gratitude to all members of the society including the members
of the executive committee of the society (2011-13) for their generous help and timely advice to run the
society. Lucknow secretariat specially acknowledges the generous help and contribution of Dr. Surajit
Sarkar, Delhi University (South Campus) in bringing out this newsletter before you. We also thank Mr.
Ravinder Nath, CSIR-CDRI, Lucknow, for designing the cover page of the newsletter. Hope you will
enjoy reading this issue of the newsletter.
Yours sincerely,
S.K. Rath
Jt. Secretary, ISCB

D. Kar Chowdhuri
Secretary, ISCB
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A Drosophila model of neuropsychiatric
drug discovery
Abhay Sharma
CSIR-Institute of Genomics and Integrative Biology
Delhi University Campus, Mall Road
Delhi 110007, India
Email: abhaysharma@igib.res.in

Abstract

In

a recently described Drosophila model,
chronic exposure to the gamma-amino butyric
acid (GABA) antagonist pentylenetetrazole (PTZ)
causes behavioral and transcriptomic alterations
in adult flies. Prescription drugs used in the
treatment of epilepsy and other neuropsychiatric
diseases ameliorate PTZ induced alterations.
Using this model, a library of around 2,000
compounds is being screened to identify agents
with hitherto unknown neuroprotective activities.
The fly ‘hits’ will be tested in a battery of
established mammalian models of various
neuropsychiatric disorders. In a proof-of-concept,
a couple of fly ‘hits’ were tested in a mouse
model of depression and anxiety. Preliminary
results showed antidepressant and anxiolytic
property in one. The ultimate objective is to
realize new therapeutic approach for one or more
human condition(s).
Introduction
Discovering novel drugs for complex brain
disorders is a continued challenge [1-3]. Whereas
serendipitous findings in the past remain the
major source of currently available treatments,
modern examples of novel central nervous system
(CNS) drug discovery are lacking [1]. Given the
complexity of the brain and poor understanding
of molecular basis of neuropsychiatric disorders,
pharmaceutical industry driven target-based
approach has not been able to deliver satisfactory
results [2]. Innovative strategies are thus needed
to accelerate the pace of CNS drug discovery.
Development of novel small animal models as
primary phenotypic screen, for example, is one

such strategy [4, 5]. In another approach,
screening of old drugs for new use – the so-called
‘drug repurposing’ or ‘drug repositioning’ - is
increasingly being considered as highly
promising, for therapeutic areas in general [6-13].
Search for novel application of existing drugs
provides a time- and cost-effective strategy
because the identified molecules could be
immediately used in translational- or clinicaltrials [6, 10]. In the author’s laboratory, an
innovative Drosophila melanogaster model has
been developed and validated for discovering
drugs for potential therapeutic application in
complex brain disorders [14-17]. A brief
description of the model developed is given
below. Also presented here is an account of how
the model is being implemented in an ongoing
drug discovery effort in the laboratory.
Model development
Presently, the era of functional genomics is in
its infancy [18]. The genetically tractable model
organism D. melanogaster offers a unique
opportunity to unravel disease and drug
mechanisms, because of its amenability to a wide
variety of experimental approaches including
functional genomics [19]. Given this, a
Drosophila model of PTZ, a GABA antagonist,
induced locomotor plasticity responsive to AEDs
was developed [14]. In this fly model, seven days
of PTZ treatment and seven days of subsequent
PTZ discontinuation respectively cause a
progressive decrease and increase in startleinduced climbing speed of Drosophila adults
(Figure 1-3). Downregulation of CNS genes
enriched in several GO biological processes such
as transcription, neurogenesis, axonogenesis,
axon guidance and glutamate metabolism etc.
characterize the model [14, 16]. The pathways
that were enriched included Wnt signaling
pathway, Cell Communication, Jak-STAT
signaling pathway, TGF-beta signaling pathway,
Dorso-ventral axis formation and MAPK
signaling pathway [14]. In rodents, PTZ is used to
model epilepsy and other neurobehavioral
conditions [20, 21]. Locomotor activity in
Drosophila
is
considered
relevant
in
5
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understanding neuropsychiatric conditions [22,
23]. Interestingly, the transcriptomic alteration
underlying chronic PTZ in the Drosophila model
was found to resemble transcriptomic and
proteomic alterations reported in human epileptic
patients and established rodent models of
epilepsy [14]. Notably, two of the five AEDs
tested, namely, sodium valproate (NaVP) and
levetiracetam (LEV), not ethosuximide (ETH),
gabapentin (GBP) and vigabatrin (VGB), show
effectiveness in ameliorating the development of
chronic PTZ induced locomotor deficit [14]. The
model was also characterized further to examine
the effect of AED treatment after PTZ
withdrawal, on fly behavior and CNS
transcriptome [16]. In this paradigm, all the five
AEDs ameliorated PTZ withdrawal induced
behavioral change (Figure 4). Also, the AEDs
were found to remodel the CNS transcriptome
(Figure 5). Altogether, the Drosophila model
was found to provide a valuable tool in discovery
of potential therapeutic agents in neuropsychiatric
disorders [14, 16].
Model implementation
To be useful in drug screening, the fly model
has been adapted to DMSO, the universal solvent
for drugs. Although any compound library can be
screened, the fly model has presently been used
to screen a library of known drugs/compounds.
The library that is being used currently in the
laboratory consists of 2,000 compounds, a large
proportion of which are clinical drugs. The
Drosophila model, the first seven days regime, is
being used to identify those drugs/compounds
which protect against PTZ induced locomotor
deficit in flies. The positive ‘hits’ identified so far
in this screen interestingly include several
compounds that are not presently known for CNS
activity. It is of main interest now to test these
hits in a battery of accepted mammalian models
of
neuropsychiatric
conditions
including
epileptogenesis, depression, anxiety, addiction,
schizophrenia and Parkinson’s disease. A
proposal to undertake work on these lines is
currently under consideration. Promising drugs
could be tested in translational- trials for

Figure 1.
Chronic PTZ and subsequent withdrawal induced
climbing abnormalities. Mean ± S. E. (n = 24) of
climbing speed in flies used for control experiments and for
simulating PTZ induced kindling-like plasticity. In control
experiments, five batches of flies were treated with NF for
either 7 days (A) or 14 days (B) before measuring climbing
speed. In chronic PTZ experiment (C), climbing speed was
measured on 12 hrs, 2nd day and 7th day of PTZ treatment
and then on 3rd day, 5th day, and 7th day after PTZ
withdrawal. For control climbing assay to examine
consistency among NF flies housed in different vials (A
and B), one-way ANOVA as well as pair-wise Student's ttest, two-tailed, heteroscedastic, uncorrected, was
performed. After finding no significant variation by either
method, Student's t-test was performed as above for
chronic PTZ experiment (C). * indicates significant
difference between control (NF) and PTZ treatment. p
values (pair-wise Student's t-test, two-tailed) are provided
over asterisks. For details, see text. (legend and image
taken from Mohammad et al. BMC Systems Biology 2009,
3:11, doi:10.1186/1752-0509-3-11; for license terms, see
http://creativecommons.org/licenses/by/3.0/)

6

Cell Biology News Letter, Vol. 32 No 1-2, 2013

assessing their therapeutic potential. At present,
in a proof-of-concept study, two fly ‘hits’ were
tested in an established mouse model of
depression and anxiety in a different laboratory.
Importantly, one of them showed antidepressant
and anxiolytic activity. This preliminary result
needs to be confirmed in replication experiments.

Figure 2.
Effect of AEDs on chronic PTZ and subsequent
withdrawal induced climbing speed alterations.
Mean ± S. E. (n = 24) of climbing speed in flies after
(A) seven days of combination treatment (B) seven
days of withdrawal. The difference between PTZ and
PTZ+NaVP in A and between PTZ and PTZ+LEV
in B is significant. The difference between PTZ and
PTZ+LEV, and between PTZ+NaVP and PTZ+LEV
is insignificant in A. Notably, comparison of
PTZ+LEV in A with pooled NF samples in Figure
1A and 1C (7d) showed significant (p = 0.0005)
difference in climbing speed. (legend and image
taken from Mohammad et al. BMC Systems Biology
2009, 3:11, doi:10.1186/1752-0509-3-11; for license
terms, see
http://creativecommons.org/licenses/by/3.0/).

Figure 3.
Time-series of Drosophila head microarray gene
expression profiles. Hierarchical clustering of 0 hr, 12
hrs, 2nd day and 7th day expression profiles. City Block
similarity metric and average linkage methods were used
for clustering of arrays. Each time point represents mean
of normalized log2 ratio (635/534) of four biological
replicates with balanced dye-swaps. The cluster was
generated using Acuity 4.0. (legend and image taken from
Mohammad et al. BMC Syst. Biol. 2009, 3:11,
doi:10.1186/1752-0509-3-11; for license terms, see
http://creativecommons.org/licenses/by/3.0/).
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Figure 4.
Behavioral pharmacology of AEDs. Mean ± SE (n = 24) of
climbing speed of flies treated and untreated with AED after
PTZ withdrawal, and treated with AED alone. Note that
climbing speed of flies treated with an AED after PTZ
withdrawal is either insignificantly or less significantly different
from the control (NF) group, compared to flies not treated with
an AED after PTZ withdrawal. PTZ indicates no AED treatment
after PTZ withdrawal, AED abbreviation indicates AED alone
treatment, PTZ + AED abbreviation indicates AED treatment
after PTZ withdrawal. Speed in the control (NF) group was
compared with various treatment groups, in pair-wise
comparisons. *Indicates nominal p-value. See text for details.
(legend and image taken from Singh et al. Front Neurosci.
2011; 5:161, doi: 10.3389/fnins.2011.00161; for license terms,
see http://creativecommons.org/licenses/by/3.0/).

Figure 5.
Hierarchical clustering of microarrays. Microarrays of 10th and 14th day time-points are clustered to examine separation of
profiles of flies untreated with an AED and flies treated with the AEDs ETH (A), NaVP (B), LEV (C), VGB (D), and
GBP (E) after PTZ withdrawal. Note clear separation of the two groups. The AED untreated group is indicated by PTZ, and
the AED treated groups by AED abbreviation. Jaccard similarity metric and average linkage methods were used for clustering.
(legend and image taken from Singh et al. Front Neurosci. 2011; 5:161, doi: 10.3389/fnins.2011.00

8
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Future prospects
With a novel Drosophila drug discovery
model in place, we are now interested in
exploiting the same for real-life drug discovery
through collaborative efforts. To achieve this, we
plan to use standard mammalian models of
various
neuropsychiatric
conditions
in
combination of the fly model. Using a battery of
animal models has the advantage that it can
maximize identification of a diversity of
neuroprotective agents. The most promising of
these agents can then be tested in proof-ofconcept clinical trials. This may lead to
repurposing of an existing prescription drug in
neuropsychiatric disorders. A genetic and
developmental biology workhorse for nearly a
century, Drosophila may also hold a great
potential in therapeutic drug discovery. From
developing a new fly model to discovery of novel
therapies will be most satisfying, indeed. Last but
not the least, the new model though developed for
the purpose of drug discovery also holds promise
in advancing our understanding of brain plasticity
in cellular and molecular terms.
Acknowledgements
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Introduction

Drosophila,

as a model system, not only
bestows the power of genetics on the manipulator
but also offers a host of other advantages that
makes it an attractive choice for use in
widespread facets of the scientific genre; and
therefore, Drosophila melanogaster is still
holding its position as a premier experimental
model organism and being extensively utilized in
the contemporary areas of biological research
such as human disease modelling.
The introduction of the concept of large-scale
genetic mutagenesis screens has made elucidation
of genes involved in human disease pathways
relatively uncomplicated and straightforward.
The first of such screens led to the identification
of genes that play important role(s) in human
embryonic development and mutations in which
lead to congenital deformities [1]. Furthermore,
completion of the Drosophila genome sequencing
paved way for a comparative genomic analysis
approach which proved to be helpful in
uncovering the fact that of all the human disease
genes known, more than 70% of them have
Drosophila homologues [2]. Many important
biochemical and developmental pathways are
conserved between noticeably distant fruit flies
and humans; pointing towards the proficiency
with which Drosophila could be utilized as a
model organism to study processes relevant to
human disease development.

Modelling human neurodegenerative disorders
in Drosophila
Neurodegenerative disorders are a group of
devastating illnesses that develop due to
progressive loss of neuronal cells in various
regions of brain. In majority of the
neurodegenerative disorders, the mutated gene
exhibits a common feature of an increased
number of CAG nucleotide triplet repeats in their
protein coding sequence. Since, CAG nucleotide
triplet encodes for the amino acid glutamine, a
repeat of CAG trinucleotides results in a
polyglutamine poly(Q) tract. Therefore, diseases
wherein the instigating protein encompasses such
repeats, are known as polyglutamine or poly(Q)
diseases. Some of the well documented poly(Q)
disorders include Spinocerebellar ataxia ( SCAs)
type
1-7,
Huntington’s
disease
(HD),
Dentatorubropallidoluysian atrophy (DRPLA)
and Spinobulbar muscular atrophy (SBMA) or
Kennedy disease etc.
Expanded polyglutamine repeats exhibit both
somatic and germ line instability and tend to
increase further with successive generations [3].
Extra glutamine residues can acquire toxic
properties through a variety of ways, including
irregular protein folding and degradation
pathways, altered subcellular localization, and
abnormal interactions with other cellular proteins
[4]. Extended poly(Q) containing mutated
proteins often aggregate together to form nuclear
inclusion bodies [5] and exert an autosomal
dominant effect by interacting with other cellular
proteins like key transcription factors [6, 7],
molecular chaperons [8, 9], proteasome subunits
[8, 10] and cytoskeletal components [11, 12] and
sequestering them in such nuclear inclusion
bodies. The intrinsic toxicity of insoluble
aggregates is, therefore, intensified by the
functional depletion of other normal cellular
proteins owing to their sequestration by inclusion
bodies [13]. The probable mechanism underlying
aggregate formation is believed to be an altered
beta pleated sheet-enriched conformation of the
polyglutamine region [14] which assists in
aberrant clumping of these proteins with each
11
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other and with other proteins. However, a recent
report suggests role of normal repeat-length
polyglutamine
peptides
in
accelerating
aggregation nucleation and cytotoxicity of
expanded polyglutamine proteins [15]. Presence
of nuclear inclusions leads to neuronal
dysfunction and their eventual loss. In this
context, it is also interesting to note that although
the mutated protein displays widespread
expression in all the tissues/organs; disease
development is restricted only to the nervous
system [16].
Proteinopathies is a generalised term used for
the group of diseases that are a result of protein
aggregation in the cell. Human neurodegenerative
disorders could be further classified based on the
location of aggregate formation: cytosol in case
of Parkinson’s disease where α-synuclein forms
insoluble fibrils called Lewy bodies; nuclear
aggregation of Ataxins and Huntingtin in
Spinocerebellar ataxia type 1 (SCA1) [18] and
Huntington’s disease (HD) respectively [19];
endoplasmic reticulum (ER) is affected with
neuroserpin inclusion bodies in familial
encephalopathy and the extracellular space in
case of Alzheimer’s disease where, beta amyloid
and hyperphosphorylated tau proteins form major
components of the senile plaques and
neurofibrillary tangles respectively. All these
diseases, in addition to aggregate formation, share
additional common features of late onset and
progressive dynamic. Therefore, involvement of
common molecular pathway(s) in disease
pathogenesis is reasonably high, and so, a
putative suppresser of one disease must be tested
for its effect on other diseases of this class [20].
Modelling Huntington’s disease in Drosophila
Huntington’s disease is a fatal autosomal
dominant neurodegenerative disorder that affects
approximately 7 per 100,000 individuals. An
extended polyglutamine tract in the N-terminus of
the huntingtin protein confers aggregation-prone
properties to the protein, thereby instigating
irreversible neuronal damage in striatum and
frontal/temporal cortices of brain. Some of the
most common symptoms of Huntington’s disease

include jerky, random, and uncontrollable
movements called chorea, improper gait with
frequent falls, progressive weight loss, dystonia,
cognitive defects and psychiatric problems [21].

Figure 1. (A). Scanning electron micrograph of
Drosophila compound eye. (B). Enlarged view shows
the regular arrangement of ommatidia within the eye
structure.

All humans have two copies of the Huntingtin
gene (HTT), which codes for the protein
Huntingtin (Htt). The Htt protein has been found
to be well conserved between many vertebrate
and
invertebrate
species
including
D.
melanogaster. It is a large 350kDa protein and is
predicted to form an elongated superhelical
solenoid [22]. Although the precise role of the
huntingtin protein remains to be elucidated, it is
assumed that it plays multiple roles in
development and physiology. Some of the
suggested functions include anti-apoptotic factor
[23, 24], accessory transcription factor [25, 26]
and axonal transport and vesicular trafficking
factor [27-29]. HTT gene with increased number
of CAG trinucleotide repeat (< 36) encodes for
huntingtin with extended stretch of glutamines
12
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that finally results altered folding of translated
product. With very larges repeat counts, HD has
full penetrance and can occur under the age of 20
years and referred as juvenile HD or Westphal
variant HD. In this context, it is important to
consider that limitations of human genetic studies
make it difficult to identify/analyse the molecular
pathways in greater details, because of complex
patterns of inheritance, lack of sufficient family
pedigree data and population-based genetic
heterogeneity. Subsequently, modelling of human
disorders
in
various
model
systems,
predominantly in Drosophila has provided a
powerful genetic system in which to elucidate
fundamental cellular pathways of human
neurodegenerative disorders.
Richard M. Myers and co-workers, for the first
time, reported the existence of a putative
Drosophila homolog of the Htt gene [30].
Although Drosophila huntingtin was found to
lack the polyglutamine and polyproline stretches
characteristic of its mammalian counterpart, five
regions of high sequence similarity were detected
by multiple sequence alignments between
Drosophila and vertebrate huntingtins. It was
found that ectopic expression of expanded
polyglutamine protein in Drosophila displays
features of poly(Q) diseases as observed in
humans [31]. These include late onset followed
by progressive degeneration [32] and aggregate
formation in both neuronal and non-neuronal

tissues that finally drives the cell fate towards
apoptosis [33].
The most common approach undertaken to
express human disease genes in for ectopic in
Drosophila melanogaster is the two-component
GAL4/UAS system [34]. This system relies on
the fact that yeast GAL4 transcriptional activator
binds to the Upstream Activating Sequence
(UAS) enhancer element in order to drive
expression of the gene present immediately
downstream of UAS. To model HD in
Drosophila, exon 1 of the Htt protein bearing 2,
75, or 120 glutamine residues was expressed in
Drosophila eye [33]. It was observed that
expression of Htt with 75 and 120 glutamines
resulted in repeat length-dependent degeneration
of photoreceptor neurons. Moreover, the retinal
morphology of these flies at the time of birth
appeared relatively normal, but gradually
deteriorated with aging.
Drosophila compound eyes have emerged as
an excellent organ for easy and direct evaluation
of neurodegeneration during modifier screens
since a functional eye is not essential for
Drosophila viability. Moreover, well documented
developmental events from larval imaginal disc to
adult eye formation have also made it an organ of
choice for studying the pathogenicity of
neurodegenerative disorders.
The adult eye structure is composed of a
regular arrangement of independent ommatidia,

Figure 2. Neurodegeneration in Drosophila eye (A) Schematic representation of an ommatidium. Each ommatidium contains
numerous pigment cells that surround a cluster of eight photoreceptor neurons (rhabdomeres) out of which only seven are
visible in cross-section. (B) Pseudo-pupil images from wild-type and (C) Machano-Joseph disease (MJD) model Drosophila
expressing a mutant MJD protein truncated fragment containing 78 CAG repeats (MJDtr-78Q) under the control of the eyespecific Gal4 driver GMR.
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the lenses of the unit eyes (Figure 1). Each
ommatidium in turn is made up of an ordered
arrangement of eight light-sensitive neurons
called rhabdomeres (R1-R8) that are surrounded
by support cells and pigment cells (Figure 2A).
Expression of a relatively mild isoform of mutant
htt within the eye using the GMR-GAL4 driver
results in poly(Q) aggregate formation and
neuronal cell death which in turn leads to the
production of a degenerated eye where the
viability of both pigment cells and rhabdomeres
is severely compromised (Figure 2B). The former
can be scored based on the progressive bleaching
of the eye color [35] whereas the latter can be
quantified using the pseudopupil assay [36].
Following the initial success of disease
modelling in Drosophila, attempts were made to
model a verity of disease including HD using
various mutagenesis/ transgenic approaches [37].
Several such stocks are publically available from
several Drosophila stock centres. This approach
has emerged as valuable tool to decipher indepths of disease pathogenicity, search of
genetic/ chemical modifier and to design novel
remedial strategies. Indeed, Drosophila disease
models have been used extensively utilized to
generate significant information regarding disease
pathogenicity, identification of novel genetic
modifiers and chemical compounds [38]. A large
number of genetic modifiers such as Engrailed
(en), Nipped A (dTra1), Sirtuin 2 (Sir2), Heat
shock protein 70 (Hsp70), HdJ1 (DnaJ-1),
Drosophila Apaf-1-related-killer (dark), DIAP1
(thread), Akt1 (Akt1), p53, hsr ω etc. have been
identified in case of HD alone, which can be
categorized in several groups as per their
functional characteristics. Targeted expression of
these modifiers either enhances or suppresses the
extent of cellular toxicity in HD fly models.

towards the identification of modifiers of the
disease condition. Candidate molecules can then
be verified for their effects in mammalian
systems. Drosophila has, thus, proved its worth in
the
field
of
neuroprotection
and
neurodegeneration and will continue to contribute
significantly towards novel discoveries prove to
be as fruitful as its name.
Given an excellent model of HD in the form of
Drosophila and the wealth of tools available to
study modified phenotypes of flies, the precise
mechanism that causes disease toxicity still
stands as a question mark. Treatment strategies
lacking a mechanism-based approach, therefore,
prove to be incompetent in limiting the process of
degeneration leaving no choice with the disease
than to follow a fatal course. As a result, there is
an urgent need for testing candidate molecules for
their potential as possible modifiers. Moreover,
genetic studies should be focussed on unravelling
the molecular nature of the neurotoxic species for
each disease type and decoding the key neuronal
functions being affected by the toxic protein.
Finally,
a
combination
of
genetic,
biochemical, bioinformatics and pharmacological
approaches would help to better understand the
molecular pathogenic mechanisms and develop
novel treatment strategies for such diseases.
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deviations) below the mean for age and sex, and
(2) mental retardation ranging from mild (IQ 5070) to severe (IQ 20-40) (Woods et al., 2005). A
sloping forehead is observed in most of the cases,
but may not be always associated with the
disorder (Figure 1).
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Microcephaly: Introduction, Incidence and
Diagnosis

The term “Microcephaly” (small head) refers
to a clinical condition where the brain fails to
achieve normal size. It can either occur as an
isolated case unaccompanied with other
anomalies or be a part of a multiple anomaly
syndrome. It is etiologically heterogeneous and
can result from environmental or genetic causes.
A majority of the microcephaly cases arise due to
cytogenetic abnormalities and single-gene
disorders
(Baraitser,
1990).
Primary
microcephaly
(MCPH),
a
subtype
of
microcephaly, is an autosomal recessive disorder
characterized by a reduced head circumference
(occipital-frontal circumference) and associated
mild-to-moderate mental retardation (Roberts et
al., 2002). The estimated incidence of all kinds of
microcephaly combined is about 1 per 1,360 in
the U.S. For MCPH, it varies across populations
from 1/30,000-1/20,00,000 (Woods et al., 2005).
The incidence of MCPH in consanguineous
populations is 1 per 10,000. The incidence of
MCPH is unknown in India, but being an
autosomal recessive disorder, it is common in
southern states of the country where
consanguineous marriages are practiced (Kumar
et al., 2004). The clinical diagnosis of MCPH is
based on the following criterion: (1) congenital
non-progressive microcephaly, with head
circumference at least 3 SDs (standard

Human evolution is marked by a much larger
brain size relative to body size. The volume of
human brain is about three times more than the
chimpanzee (Falk, 1986). From an evolutionary
perspective, MCPH is an intriguing disorder as it
recapitulates the characteristics of an ancestral
hominid brain (Vallender et al., 2008). In MCPH,
the brain volume is reduced to ~400 cm3 (normal
brain volume 1,100 to 1,600 cm3), comparable to
that of early hominids such as Australopithecus
who lived 3.9 to 2.9 million years ago. Therefore,
MCPH seems to be an atavistic disorder. The
reduction in the size of the cerebral cortex is
severe compared to the other regions of the brain
as was the case with hominid brains (Mochida
and Walsh, 2001). It is therefore suggested that
MCPH genes may have been evolutionary targets
in the expansion of human brain (Mekel-Bobrov
et al., 2005; Vallender et al., 2008).
As far as the prenatal diagnosis of
microcephaly is concerned, ultrasonography and
magnetic resonance imaging (MRI) are the used
procedures.
A
serial
ultrasonographic
measurement is performed and a head
circumference below the third centile for the fetal
gestational age is the accepted criterion for
diagnosis (Tarrant et al., 2009). However, this
remains unreliable as normal head measurements
are seen up to 20 week of gestation, whereas a
decreased head circumference is evident only by
17
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32 week, making the discrimination between
affected and unaffected poor (Tolmie et al.,
1987). Therefore, study of the genes responsible
for microcephaly is important for genetic
counseling and prenatal diagnosis.

2009; Darvish et al., 2010; Guernsey et al., 2010;
Hussain et al., 2012). Table 1 summarizes the
known MCPH genes, their chromosomal
locations, and the functional roles associated with
them.

MCPH: Genes and Mutations

Using 24 families unlinked to any of the
known MCPH loci, the work in our laboratory
has earlier identified a novel MCPH locus
(MCPH7) on chromosome 1p32.3-p33 (Kumar et
al., 2009). An 8.39 Mb large MCPH7 candidate
region harbored many genes. However, one of the
genes, STIL (SCL/TAL1 interrupting locus) was
found to be mutated in four families (Kumar et
al., 2009). All the three mutations identified in
four families were predicted to truncate the STIL
protein. It is interesting to note that most of the
mutations reported in other MCPH genes also
lead to a premature termination codon, suggesting
that MCPH results from the loss-of-function
mutations.

MCPH genes are hypothesized to act as
determinants of brain size. Since the discovery of
first MCPH gene MCPH1 (Microcephalin 1) in
2002, seven more have been discovered. The
MCPH genes identified so far are: MCPH1MCPH1, MCPH2-WDR62, MCPH3-CDK5RAP2,
MCPH4-CEP152, MCPH5-ASPM, MCPH6CENPJ, MCPH7-STIL and MCPH8-CEP135
(Bond et al., 2002; Jackson et al., 2002; Bond et
al., 2005; Kumar et al., 2009; Guernsey et al.,
2010; Nicholas et al., 2010; Yu et al., 2010;
Hussain et al., 2012). The most recent discovery
is the MCPH8 gene CEP135 (135 kDa
centrosomal protein)in a northern Pakistani
family with two affected children (Hussain et al.,
2012).
Our laboratory has been working on the
genetics and molecular biology of MCPH in
collaboration with Dr. S.C. Girimaji, National
Institute of Mental Health and Neuro Sciences
(NIMHANS), Bangalore, Karnataka for many
years. The molecular genetics of MCPH was first
reported in Indian families in 2004 when three
families from Karnataka were linked to the
MCPH5 locus and three novel nonsense
mutations were identified in the ASPM
(Abnormal
spindle-like,
microcephalyassociated) gene (Kumar et al., 2004). Like in
other populations, mutations in ASPM are the
most common cause of MCPH in Indian families
as well. In a study by Roberts et al. (2002),
mutations in ASPM were found to be the most
prevalent, present in 24/56 consanguineous
northern Pakistani families. Till date, there are
more than 80 ASPM mutations reported in MCPH
patients. The second most commonly mutated
gene is WDR62; mutations in other genes (viz.,
CDK5RAP2, CEP152, CENPJ, STIL and
CEP135) have been reported from specific
populations (Hassan et al., 2007; Kumar et al.,

Using whole-exome sequencing, Bilgüvar et
al. (2010) identified mutations in WDR62 (WD
repeat domain 62) in patients with microcephaly
and cortical malformations. Since the gene was
located in the MCPH2 candidate region, they
suggested that it may be the MCPH2 gene and
only MCPH gene that does not code for a
centrosomal protein. The results from our
laboratory have shown that like other MCPH
genes, WDR62 also codes for a centrosomal
protein and is indeed mutated in MCPH2-linked
families (Bhat et al., 2011). And like the report of
Bilgüvar et al. (2010), MRI screening of affected
individuals revealed cortical abnormalities apart
from
microcephaly
like
pachygyria,
microlissencephaly,
bandheterotopias, gyral
thickening, and dysplastic cortex (Bhat et al.,
2011). These studies unearthed several other
neurological abnormalities present in MCPH
patients that were missing earlier due to limited
radiological evaluation of affected individuals.
However, due to the recent increase in the MRI
screening of multiple MCPH patients, many
cortical abnormalities previously unreported have
come into focus. It should be noted that the
presence of cortical abnormalities apart from
18
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microcephaly is not seen in all the MCPH
patients. Therefore, although the spectrum of
malformations associated with MCPH has
broadened, the clinical diagnosis is still based on
the old criteria.
MCPH, Centrosomes and Neurogenesis
MCPH genes possess the ability to impact
brain size by regulating the proliferative potential
of neuronal precursor cells during neurogenesis

(Woods et al., 2005). The formation of the right
size and proper architecture of the brain requires
coordinated
timing
of
proliferation,
differentiation and migration of different
neuronal populations during development
(Higginbotham and Gleeson, 2007). MCPH is a
disorder where foetal brain growth goes
defective, resulting in a reduced brain volume.
This is hypothesized to be a consequence of
improper neurogenic mitosis where a reduced

Table 1. Known MCPH loci, protein and their functional roles.
Locus
MCPH1

Chromosomal
location
8p23.1

Gene

Reported and predicted functional roles

MCPH1
(Microcephalin 1)

Chromosome condensation
DNA-damage and DNA-repair
Transcriptional repressor of human telomerase
reverse transcriptase
Tumor suppressor

MCPH2

19q13.12

WDR62
(WD repeat domain 62)

MCPH3

9q33.2

CDK5RAP2
(Cyclin dependent kinase 5 regulatory
associated protein 2)

Spindle checkpoint activation
Stress granule formation

Centriole duplication and centrosome maturation
Centrosome cohesion
Microtubule regulatory protein
Mitotic progression and chromosome segregation

MCPH4

15q21.1

CEP152
(Centrosomal protein 152)

Spindle checkpoint function
Centriole self-assembly and duplication
Aster formation during male meiosis
Replicative stress
Genome maintenance
Pericentriolar matrix organization

MCPH5

1q31.3

ASPM
(Abnormal spindle-like, microcephaly
associated protein)

Chromosome segregation
Spindle orientation plane organizer
Microtubule organization
Chromosome segregation and aneuploidy
Germline role

MCPH6

13q12.12

CENPJ
(Centromere-associated protein J)

G2/M cell cycle block
Microtubule nucleation
Regulates centriole length
Centrosome duplication
Coactivator of NF-κB-mediated transcription

MCPH7

1p33

STIL
(SCL/TAL1 interrupting locus)

Germline oogenesis
Sonic hedgehog signaling
Cancer cell survival
Regulating spindle checkpoint

MCPH8

4q12

CEP135
(135 kDa centrosomal
protein)

Mitotic spindle organization
Procentriole formation
Centriole-microtubule assembly
Centrosome splitting
Microtubule organization

19

Cell Biology News Letter, Vol. 32 No 1-2, 2013

neuronal progenitor pool ensues from an
imbalance between symmetric and asymmetric
divisions of neuronal progenitor cells (Figure 2)
(Thornton and Woods, 2009). The neuronal
progenitor pool is increased by symmetric cell
divisions where each precursor divides to produce
two neuronal precursor daughter cells (Rakic,
1995).Whereas during an asymmetric division, a
precursor cell produces one neuron and
regenerates one progenitor. For symmetric
mitotic division, the cleavage plane must bisect
the apical plasma membrane, in order for both
daughter cells to receive fate-determining apical
membrane proteins (Higginbotham and Gleeson,
2007). However, if the cleavage plane deviates, it
leads to bypassing of the apical membrane and
only one progenitor is generated (asymmetric
division) (Knoblich, 2001). Fish et al. (2006)
demonstrated that Aspm (the mouse ortholog of
the human ASPM) maintains the neural
progenitor pool by maintaining the spindle
orientation plane. ASPM’s function as a
determinant of spindle position was also
demonstrated in non-neuronal derived cells
(Higgins et al., 2010). Centrosome, a nonmembranous organelle and a major microtubuleorganising center in animal cells, determines the
position of spindle poles and cleavage-plane

orientation. An alteration in the centrosomal
machinery may affect the neuronal progenitor
pool and lead to disorders, such as microcephaly
or lissencephaly (smooth brain).
Interestingly, all the eight MCPH proteins
localize to centrosomes and play a role in cell
division. However, their localization is cell cycle
dependent as some of them localize at different
locations during interphase and associate with
centrosomes only during mitosis. For example,
CDK5RAP2 localizes to Golgi during interphase
and to spindle poles during mitosis (Wang et al.,
2010). The centrosome has an enormous ability to
affect brain development and this is further
strengthened by the fact that many other
microcephaly-associated disorders are caused by
mutations in genes that encode centrosomal
proteins.
Microcephalic
osteodysplastic
primordial dwarfism type II (MOPD-II) protein
pericentrin and Seckel syndrome protein ATR are
also centrosomal proteins (Shanske et al., 1997;
Delaval and Doxsey, 2010). MOPD-II is
characterized by prenatal onset proportionate
short stature, primary microcephaly and a
distinctive facial appearance associated with
severe developmental delay. Seckel syndrome is
another
autosomal
recessive
disorder
characterized
by a 'bird-headed' facial
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appearance, intrauterine growth retardation,
dwarfism, and microcephaly with mental
retardation. The precise mechanism as to how the
loss-of-function of these proteins leads to
microcephaly remains to be unravelled. We have
(Singhmar and Kumar, 2011) suggested that a
defective chromosome segregation mechanism is
responsible for the development of microcephaly
in another
microcephaly-related
disorder
Angelman syndrome (Singhmar and Kumar,
2011), which is characterized by severe learning
difficulties,
ataxia,
a
characteristic
electroencephalogram, happy-puppet-like gait
and inappropriate laughter (Kishino et al., 1997).
But unlike in MCPH, microcephaly is postnatal
and progressive in Angelman syndrome.
Angelman syndrome gene product UBE3A
(ubiquitin protein ligase E3A) belongs to the
HECT (homologous to the E6AP carboxyl
terminus)-E3 ubiquitin ligase family of enzymes.
We also demonstrated an interaction between
UBE3A and ASPM, and like all MCPH proteins,
UBE3A was found to localize to centrosomes
(Singhmar and Kumar, 2011).
The quantum of cell death is also an important
determinant of brain size as neuronal cell death is
widespread during fetal brain development.
Neuronal progenitor pool can get depleted if
apoptotic signals get stimulated in cells (Haydar
et al., 1996). This seems to be the case in MCPH7
protein STIL. An extensive apoptosis was
reported in the neural folds of MCPH7 gene STIL
null mice embryos (Izraeli et al., 1999). Hence, it
can be hypothesized that the small brain size may
result from a mechanism that affects cell fate
determination and cell proliferation or due to an
increase in apoptosis in neural progenitor cells.
MCPH, Centrosomes and Cancer
Like chromosomes, the duplication of
centrioles occurs only once per cell cycle and it
needs to be coordinated with the cell cycle. The
accuracy of centriole duplication is fundamental
for genome integrity. Given its complex
involvement in cell-cycle control, it is not
surprising that the centrosome has a role in
tumorigenesis. Abnormalities in centrosome

number, size and morphology have been
observed in many human tumor types, including
cancers of the breast, colon, liver, bone marrow,
cervical and prostate (Fukasawa, 2005).
The involvement of MCPH genes in cancer
can be anticipated, considering their centrosomal
localization and
function in
cell-cycle
proliferation, progression, and survival pathways.
MCPH1 is predicted to be a tumor suppressor
gene and its low levels are associated with
genomic instability in cancer cells (Rai et al.,
2006). MCPH1 aberrations have been detected in
breast, ovarian and prostate cancers (Rai et al.,
2006). ASPM is highly expressed in cancers of
the uterus, ovary, breast, colon, thyroid, testis,
lymph node and stomach (Kouprina et al., 2005).
Expression levels of ASPM were also linked to
invasiveness; a five-fold increase in the
expression of ASPM was found in invasive
glioblastoma multiforme as compared to benign
pilocytic astrocytomas (Marie et al., 2008).
Hagemann et al. (2008) suggested that the
expression of ASPM can be used as a marker for
glioma malignancy and it represents a potential
therapeutic target. Zhang et al. (2009) observed
that the treatment of cancer cells with anti-cancer
drugs, paclitaxel and doxorubicin, leads to a
decrease in the CDK5RAP2 protein level and
makes the cells resistant to the treatment. These
authors proposed that the modulation of
CDK5RAP2 protein level could be a promising
strategy to overcome resistance to these drugs
(Zhang et al., 2009). STIL acts as a regulator of
mitotic entry and cancer cell survival (Erez et al.,
2007). It is overexpressed in epithelial cancers
and its expression level correlates with the
histopathologically defined mitotic index and
metastasis (Erez et al., 2004). STIL was initially
discovered at the site of a genomic rearrangement
in a T-cell acute lymphoblastic leukemia cell line.
Aplan et al. (1990) found that the 5' untranslated
region of hematopoietic transcription factor SCL
is disrupted by STIL, resulting in a fusion
complementary DNA in three T cell lines HSB-2,
CEM and RPMI 8402. This rearrangement was
found in leukemic cells of 16 to 26% of patients
with T-cell acute lymphoblastic leukemia.
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Conclusion
Intensive genetic studies during the last 16
years have led to the discovery of eight genes for
MCPH. There are still many MCPH families
which are not linked to any of the eight
loci/genes, suggesting the future discovery of
many more genes. MCPH genes are ubiquitously
expressed, but why do the mutations in MCPH
genes affect only the brain? This is one of the
relevant questions that begs for an answer. In this
regard, animal models carry an immense potential
to improve our understanding of the cause and
progression of human genetic disorders. There is
therefore a tremendous need for animal models of
MCPH in order to facilitate the understanding of
principles and mechanisms that are affected by
the deficiency of MCPH proteins. Although a few
animal models of MCPH are available [viz.,
mcph1-/-(Drosophila/mice), Cnn-/- (Drosophila
orthologue of human CDK5RAP2), asp-/(Drosophila orthologue of human ASPM), Aspm/- (mice), SAS-4-/- (Drosophila/ C. elegans
orthologue of human CENPJ), STIL-/-(mice) and
csp-/- (zebra fish orthologue of human STIL)], but
they fail to replicate the exact MCPH phenotype
(Mahmood et al., 2011). Future research demands
creating animal models that can recapitulate the
clinical features of MCPH and this may be
possible by introducing the identical mutation
found in MCPH patients in the corresponding
animal gene.
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“What is research but a blind date with
wisdom?”
Anonymous

This

is an account of our experience of
developing constructs and transgenics with
barnase gene from Bacillus amyloliquefaciens.
The barnase gene encodes an RNAse and thus its
expression leads to cell death. This gene is a

component of the barnase-barstar system of B.
amyloliquefaciens wherein the barnase protein is
secreted out of the cell and clears up other
organisms in its vicinity. The Bacillus protects
itself by secreting the barstar protein which is an
inhibitor of the barnase protein.
The barnase-barstar system has been
utilized by plant biotechnologists to develop a
male sterility-restorer system for the production
of hybrid seeds. Hybrid seeds are produced from
crosses between two diverse parents (called
combiners) and give more yield than either of the
parents. In this system (Figure 1), one of the
parents is made male-sterile by expressing the
barnase gene specifically in the tapetum tissue of
the anthers with the help of tapetum specific
promoters (e.g. TA29 from tobacco).
The expression of the barnase protein
ablates the tapetum layer which is necessary for
the development of pollen. Thus these plants are
male-sterile and therefore act as the female
parent. The male sterile parent will bear seeds

Figure 1: Strategy to develop hybrid seeds using transgenics based on barnase and barstar genes.
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only when pollinated by the other combiner
which now acts as the male parent. The seeds
formed are thus hybrids. In cases where the seeds
borne by the F1 hybrid, i.e. the F2 seeds is of
commercial importance, the fertility of the F1
hybrid needs to be restored so that it can self and
produce seeds. In order to achieve this, the male
parent is transformed with the barstar gene under
the control of the tapetum specific promoter. The
F1 hybrid expresses both barnase and barstar
proteins and is thus male-fertile.
Our laboratory initiated work on developing
transgenics in mustard with the barnase and
barstar genes around 1993-94 when I was rookie
in the field. When the work was initiated, we felt
that it was a simple case of translating a welldocumented technology into Indian mustard to
harvest the potential of combiners already
identified in the group. Our experience over the
years however convinced me that the glossy part
of a work is usually published and the pitfalls are
left for others to discover. This is our story.
In order to develop such transgenics, a
construct containing the barnase gene under a
tapetum specific promoter in a suitable vector for
transformation of Brassica juncea (Indian
mustard) had to be made. The first step was to
amplify the barnase gene and clone it in a vector
like pBSK. After several unsuccessful attempts at
cloning the amplified product, a single colony

was obtained. On sequencing, we observed that a
single base was deleted in the amplified barnase
fragment, which resulted in the production of an
inactive protein. We realised that although the
barnase gene was not directly cloned under any
promoter, “leaky” transcripts were being
generated from other promoter elements present
in the pBSK vector. In order to circumvent this
problem, we cloned the barstar gene under its
native bacterial promoter in all the vectors where
the barnase gene had to be cloned for making
plant transformation constructs. This would
ensure production of the inhibitor barstar protein
to negate lethal effects of “leaky” barnase
expression.
The first binary vector developed for
transformation of mustard (Figure 2) carried the
barnase gene under the control of the TA29
promoter. This vector also carried the bar gene
under the viral promoter CaMV 35S which shows
constitutive expression in plants. Plants
expressing the bar gene are resistant to the
herbicide phosphinothricin and it is therefore
used as a selection marker for plant
transformation as well as for field selection of
transgenics. Similar constructs had supposedly
been used by companies as was evident from the
patents filed and we were only translating a
known science.

Figure 2: A schematic representation of the binary vector (within T-DNA borders) used in initial transformation
experiments. The vector also carries the barstar gene under its native promoter (bsnp) outside the T-DNA border).

Figure 3: A schematic representation of the binary vector with spacer DNA to block the influence of the CaMV 35S
promoter on TA29
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Our experience was however frustrating.
Transformation of ~ 10,000 explants yielded only
50 transgenic lines. Further, none on these lines
were male sterile. After a series of analysis
involving transforming mustard with eight
different constructs we discovered that the CaMV
35S promoter was influencing leaky deregulated
expression from the TA29 promoter which led to
the production of barnase in tissues other than the
tapetum. As the barnase protein is toxic to the cell
most of the transformants died and only those
lines in which the barnase gene was knocked-out
during transformation were selected. We finally
found a simple solution to this problem
(Jagannath et al 2001). The two expression
cassettes were separated by a distance of ~ 5Kb
by cloning plant DNA fragments (which we
called as spacer) between them (Figure 3).
Transformation of mustard with this construct led
to male sterile flowers (Figure 4) and we were
able to finally develop a barnase-barstar based
hybrid seed production technology for mustard
(Jagannath et al 2002).

The silver lining to all our troubles was that
the work no longer remained just a mere
translation of a known art, but now had its own
novelty. We were able to patent the technology
[Regulation of lethal gene expression in plants –
US Patent 6,833,494 B1 (2004); A method for
producing an insulator construct. Indian Patent
No.: 199542. (2006)].

Figure 4: Male sterile (top panel) and normal (bottom)
flowers of mustard. The anthers are also under
developed in the male sterile flowers.

In a later study (Ray et al 2007), a new
barnase construct was being developed with the
acetolactate synthase gene as a selection marker.
As in earlier studies, the binary vector carried the
wild type barstar gene under its native promoter.
Although the developed construct was stable in E.
coli, when in it was mobilised into
Agrobacterium for plant transformation it was
found to be unstable. Most of the Agrobacterium
clones obtained after electroporation with this
construct carried deletion of the barnase gene
cassette (Figure 5). Further, sequencing of the
barnase gene in clones that did not show deletion
showed the presence of nonsense mutations in the
gene leading to the expression of a truncated nonfunctional protein. This showed that the
Agrobacterium cells expressed functional barnase
protein which killed these cells. Further, the
barstar protein was not enough to block this
barnase activity. Analysis pointed to a probable
read-through transcript from some part of the
developed construct. This problem was
circumvented by cloning a bacterial transcription

Figure 5. Restriction digestion of constructs isolated
from different colonies of Agrobacterium transformed
with barnase gene construct showing deletion of the
barnase gene (compare lanes from E. coli and lane 3
with lanes 1, 2, 4 & 5)
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Figure 6. A schematic representation of the binary vector with spacer, transcription terminator (T1T2) and barstar gene
under the native promoter (bsnp) to block leaky expression of barnase (bn) gene in bacterial cell and regulated expression
in plants

terminator T1T2 upstream to the TA29 promoter
of the barnase gene cassette (Figure 6). T1T2 are
rho-independent transcription terminators of the
rRNA operon of E. coli.
Recently, we were developing a barnase
construct for developing male sterile lines in
cotton. The construct to be developed was similar
to that represented in Figure 6 except that an
anther-specific promoter (of ~ 1.5 Kb length)
from cotton was used in place of the TA29
promoter. This construct was also unstable in
bacterial cells in spite of the presence of a barstar
gene and terminators upstream to the barnase
cassette. Analysis of the promoter revealed that it
carried sequences similar to bacterial promoter.
Although the promoter was from a plant source it
probably showed leaky expression in bacterial
cells. We thus cloned an intron within the
barnase gene at an appropriate site which created
proper splice junctions. As the intron would not
be spliced out in bacterial cells, the constructs
were stable even in the absence of the barstar
gene or terminator sequences. However for the
success of the strategy, the introns should be
spliced out efficiently in the required plant tissue.
We tested the barnase-intron gene under the
TA29 promoter in tobacco and observed that the
plants were male sterile, proving the intron was
being spliced out (unpublished results). The
construct needs to be tested in cotton.
One may wonder that while introduction of
an intron seemed the easiest strategy, why it was
not done in the first instance. Although the idea
was mooted at different times it was shelved as
we felt that designing and testing an intron
containing barnase which would undergo proper

splicing in the required tissue (tapetum) may not
be simple. It would also need a lot of time as one
may have to develop transgenics with several
constructs and wait till flowering, to assess the
proper splicing of introns. We found easier
workable solutions in the first two instances
which could be quickly tested in the bacterial
system. We went with the ‘intron-strategy’ when
pushed to the wall. Surprisingly, it worked in one
go. Although the strategy works in the model
system tobacco, one needs to see its success in
cotton (fingers crossed!!).
This work would not have been possible
without our students, especially Arun Jagannath,
Panchali Bandyopadhyay, Naveen Bhist, Simran
Bhullar and Amita Kumari who faced the odds.
The project on mustard was led by Prof. Deepak
Pental and financially supported by DBT and
National Dairy Development Board. The current
work on cotton is supported by a CSIR-NIMITLI
project.
Our work on barnase-barstar is documented in the
publications below. The “intron-strategy” is yet
to be published.
1. Jagannath, A, P Bandyopadhyay, N
Arumugam, V Gupta, P K Burma and D
Pental. 2001. The use of a Spacer DNA
fragment
insulates
the
tissue-specific
expression of a cytotoxic gene (barnase) and
allows
high-frequency
generation
of
transgenic male sterile lines in Brassica juncea
L. Molecular Breeding. 8: 11-23.
2. Jagannath, A, N Arumugam, V Gupta, A
Pradhan, P K Burma and D Pental. 2002.
Development of transgenic barstar lines and
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identification of a male sterile (barnase) /
restorer (barstar) combination for heterosis
breeding in Indian oilseed mustard (Brassica
juncea). Current Science. 82(1): 46-52.
3. Bisht, N C, A Jagannath, V Gupta, P K Burma
and D Pental. 2004. A two gene- two promoter
system for enhanced expression of a restorer
gene (Barstar) and development of improved
fertility restorer lines for hybrid seed
production in crop plants. Molecular
Breeding. 14: 129-144.
4. Ray, K, N C Bisht, D Pental and P K Burma.
2007. Development of barnase/barstar
transgenics for hybrid seed production in
Indian oilseed mustard (Brassica juncea l.
Czern & Coss) using a mutant acetolactate
synthase gene conferring resistance to
imidazolinone-based
herbicide
‘Pursuit’.
Current Science. 93(10): 1390-1396.
5. Bisht, N C, A Jagannath, P K Burma, A
Pradhan and D Pental. 2007. Retransformation
of a male sterile barnase line with the barstar
gene as an efficient alternative method to
identify male sterile-restorer combinations for
heterosis breeding. Plant Cell Reports. 26:
727-733.

29

Cell Biology News Letter, Vol. 32 No 1-2, 2013

Hands-on Training Workshop on
“Recent Techniques in Molecular & Cell Biology”
March 11-13, 2013

“A REPORT”

A Hands-on Training Workshop in “Recent
Techniques in Molecular & Cell Biology” was
organized by Department of Zoology, University
of Lucknow, Lucknow from March 11-13, 2013
for the second consecutive year. The workshop
was generously supported by the Indian Society
of Cell Biology. The main objective of the
workshop was to provide a hands-on training in
molecular and cell biology techniques to college
teachers and researchers. There was an
overwhelming response from the faculty and the
students from UG/PG colleges and universities
like KGMU, BBAU and Integral in Lucknow.
Due to space crunch and work module, only 28
participants could be accommodated.
The workshop was inaugurated by Prof. U.
N. Dwivedi, Dean, Faculty of Science, Lucknow

University. The welcome address was given by
Prof. A. K. Sharma, Head, Department of
Zoology, Lucknow University and Prof.
Nirupama Agrawal, Former Head of the same
department followed by Keynote Lecture of Prof.
U. N. Dwivedi on the advancements in ‘DNA
Sequencing’. The inaugural function was
attended by the Secretary and the Joint Secretary
of Indian Society of Cell Biology. Both of them
spoke on the themes of promoting such type of
activities by the society to promote cell biology
teaching and hands on training among teachers
and students. A Laboratory Manual was released
on the occasion, a copy of which was later given
to all participants. The participants were
introduced to Central Instrumentation Facility of
the department. Experiments were undertaken by
the participants divided in three groups on cell
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culture, bacterial culture and biochemical
estimations in blood analyzer. In the post lunch
session, other hands-on experiments were carried
out such as DNA extraction from human blood,
estimation and gel electrophoresis of DNA and
proteins. Practical demonstrations of mPCR, RE
digestion and RAPD analysis were carried out on
the second day and samples were checked on gels
by the participants.
There were introductory lectures on
Bioinformatics and Biostatistics by Dr. Monisha
Banerjee and Dr. M. Serajuddin, Associate
Professors in the Department of Zoology, LU on
the second and third days of the workshop. The
participants got to practice few of the
bioinformatics exercises in the Computer Lab and
performed biostatistics experiments in the wet
lab. Hoechst staining of cancer cell lines was
demonstrated using a fluorescent microscope.
First half of the last day was dedicated for
completing the remaining experiments. A special
session was organized by the members of
Molecular and Human Genetics Lab, Department
of Zoology, LU under the supervision of Dr.
Monisha Banerjee for the awareness on diabetes.
During the feedback session, most of the
participants opined that the workshop was
extremely informative and the hands-on
experience was great for the first time users of

cell and molecular techniques. Their only
grievance was that 3 days time was less for the
large number of experiments covered and time
was short for theoretical explanations of the
experiments. Their suggestion was to extend the
workshop to 4-5 days for better understanding of
the techniques.
In the last session, the participants witnessed
two informative lectures by eminent scientists
from CDRI, Lucknow, ‘DNA Microarrays’ by
Dr. S K Rath and ‘Mass Spectropmetry’ by Dr. P.
K. Srivastava. It was a pleasure seeing the
excitement amongst the participants, their queries
and determination to go back to respective
colleges and institutes and use the techniques in
teaching as well as research. The workshop
concluded by stimulating and encouraging words
from Prof. A. K. Sengupta, senior most professor
of Lucknow University, who applauded the
organizers for their endeavour and presented
certificates to the participants and research team
members.
Report prepared by:
Monisha Banerjee
Molecular & Human Genetics Laboratory
Department of Zoology
University of Lucknow, Lucknow 226 007
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XXXVI ALL INDIA CELL BIOLOGY CONFERENCE, BARC, MUMBAI, INDIA
(October 17-19, 2012)
“A REPORT”

The annual meeting of the Indian Society of
Cell Biology, the “XXXVI All India Cell Biology
Conference & International Symposium on
“Stress adaptive response and genome integrity
(SARGI)” was organized by Biomedical Group,
Bhabha Atomic Research Centre (BARC),
Mumbai, during October 17-19, 2012. Dr. Hari S.
Misra was the convener of the conference. The
conference was inaugurated in the morning of the
first day by Dr. R.K. Sinha, Secretary, DAE,
Govt. of India, Dr. K.B. Sainis, Director,
Biomedical group, BARC, Dr. Veena Parnaik,
Centre for Cellular and Molecular Biology
(CCMB), Hyderabad, and President of Indian
Society of Cell Biology (ISCB). Dr. Sainis
welcomed the delegates and Dr. Sinha gave the
inaugural address while Dr. Parnaik welcomed
the delegates on behalf of the society and Dr. D.
Kar Chowdhuri, Secretary ISCB, presented a
brief history of the society.
The conference included 14th. Prof. S.P. RayChaudhuri 75th Birthday Endowment Lecture by
Prof Tapas K. Kundu, Jawaharlal Nehru Centre
for Advanced Scientific Research (JNCASR),
Jakkur, Bengaluru; one special lecture, eight
plenary lectures, 27 invited lectures, seven
contributory lectures, 10 proffered oral
presentations by students competing for award,
110 poster presentations (both award and nonaward category) and the meeting of Executive
Committee and General Body of ISCB.
SPECIAL LECTURE
Dr. Sainis in his lecture gave an overview on
response to continuous high level natural
radiation stress in human population especially
from Kerala. He showed that comparative
analysis of cytogenetic endpoints and different
kinds of syndromes in this population and in case
controls is suggestive of non-significant increase
in the frequency of chromosomal aberrations or

karyotypic anomalies. Data presented by him on
global gene expression profiling revealed that a
large number of genes that are involved in
important biological pathways like DNA repair,
DNA methylation and histone modification, were
found to be differentially expressed as compared
to that observed in the case controls. Dr. Sainis
summarized his findings stating that population
exposed to continuous level of radiation are better
equipped to repair DNA damage.
SESSION ON CELLULAR RESPONSE IN
HOST PATHOGEN INTERACTION
The session chaired by Drs. R. Sarin,
ACTREC, Navi Mumbai and Dulal Panda, IITMumbai, had one plenary, three invited and two
contributory lectures. Dr. Rajesh S. Gokhle,
CSIR-IGIB, Delhi in his plenary lecture spoke on
molecules and mechanisms in skin disorder such
as Vitiligo with special reference to stress
pathways. Dr. Gobardhan Das of ICGEB, New
Delhi spoke on recent advances made in antiTuberculosis immune response. Dr. Manikuntala
Kundu, Bose Institute, Kolkata delivered her
lecture on stress response in Mycobacterium
tuberculosis and the role of polyphosphate
kinase. Dr. Adhar C. Manna, Presidency
University, Kolkata, delivered his invited lecture
on regulation of oxidative stress response genes
by Sar-family regulators in Staphylococcus
aureus. Dr. Savita Kulkarni, BARC, Mumbai, in
her contributory lecture spoke on lineage specific
innate immune responses induced by clinical
isolates of Mycobacterium tuberculosis. The last
lecture of the session was delivered by Dr.
Manish Goswami, BARC, Mumbai, on
antioxidant mediated decreased phagocytic
clearance of bacteria in animals having acute
bacterial peritonitis.
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SESSION ON SMALLMOLECULES
STRESS RESPONSE

IN

The first session post lunch on the first day
was chaired by Prof. Rajiva. Raman and Dr. Dr.
N. Jiwail. In his plenary lecture, Prof. Umesh
Varshney, IISc, Bengaluru, spoke on initiator
tRNA genes required by Escherichia coli for
protein synthesis. The invited lecture delivered
next by Prof. J.K. Roy from BHU, Varanasi was
on the role of Rab11 in Drosophila myogenesis.
Dr. Anjan K. Banerjee, IISER-Kolkata delivered
his lecture on the role of miRNAs in potato
development which was followed by another
invited lecture by Dr. Shree P. Pandy from
IISER-Kolkata on small-RNA pathways and
stress adaptation in plants and microbes. The last
lecture of this session was delivered by Dr.
Angshuman Sarkar, BITS, Goa campus on
cellular signalling affected by silver nanoparticles
and cadmium stress.
FOURTEENTH
PROF
CHAUDHURI
75TH.
ENDOWMENT LECTURE

S.P.
RAYBIRTHDAY

In the afternoon, 14th. Prof. S.P. RayChaudhuri 75th. Birthday Endowment Lecture, the
most coveted award lecture of the society, was
delivered by one of the most renowned
internationally reputed molecular biologists of
this country, Prof. Tapas K. Kundu, JNCASR,
Bengaluru.
Dr Veena K Parnaik, CCMB,
Hyderabad, and President of the society chaired
this session. Prof. Kundu while paying rich
tribute to Prof. Ray-Chaudhuri for his outstanding
contribution in cytogenetics education and
research in this country, eloquently presented his
lab’s contribution on epigenetic modifications in
transcription regulation and differentiation and
also presented data on the discovery of a number
of small molecules that can target different
enzymes key to therapeutic applications.
SESSION
ON
CHROMOSOME
MAINTENANCE AND FUCNTION

Muniyappa, IISC, Bengaluru, in his plenary
lecture, spoke on the role for Saccharomyces
cerevisiae meiosis specific Hop1 in DNA
bridging, condensation and synapsis of DNA
molecules. Dr. Rakesh Mishra, CCMB,
Hyderabad, delivered his lecture on nature and
dynamics of the components of nuclear
architecture and its role in epigenetic regulation
and development which was followed by another
invited lecture by Dr. Jagmohan Singh, IMTECH.
Chandigarh. Dr. Singh spoke on mating type
switching phenomena at mat1 locus of fission
yeast and its regulation by a non-canonical
primase Cdc23. Dr. Sanjay Gupta, ACTREC,
Navi Mumbai, delivered his lecture on histone
variants towards gene organization and
differential expression in hepato-carcinogenesis.
Dr. Marc Bramkamp, Munich, Germany, spoke
on chromosome portioning and polar tethering in
Corynebacterium glutamicum. The last lecture of
the session was delivered by Dr. K.T. Nishant,
IISER-Trivandrum, who spoke on meiotic
crossing over and chromosome segregation with
special reference to MSH4-MSH5, MLH1-MLH3
complex.
SESSION ON DNA DAMAGE AND REPAIR
The session was chaired by Prof. K.
Muniappa and Dr. (Mrs.) J.K. Sainis. Dr. B.J.
Rao, TIFR, Mumbai, in his plenary lecture spoke
on repositioning of chromosome territories during
DNA damage-repair response. The next plenary
speaker was Dr. David Leach, Edinburgh, UK,
who spoke on the response of the E. coli cell
cycle to DNA double strand break repair. Dr.
Suren Ghaskadbi, ARI, Pune, delivered his
invited lecture on nucleotide excision repair in
hydra. The last lecture of this session, a
contributory one, was delivered by Dr. Y.S.
Rajpurohit, BARC, Mumbai, on Ser/Thr kinase
mediated protein phosphorylation and regulation
of functions of DNA repair proteins and radiation
resistance in Deinococcus radiodurans.

The first session of the second day of the
conference was chaired by Dr. S.K. Apte, BARC,
Mumbai and Dr. I. Narumi, Japan. Prof. K.
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PROFFERED ORAL PRESENTATIONS
FOR AWARD
The session began with 10 presentations by
young enthusiastic student members of the
society. This session was chaired by Dr. Suren
Ghaskadbi and Dr. Anand Ballal. Anand Kumar
Singh, BHU, Varanasi provided evidences about
the role of hnRNPA1 homolog Hrp36 in
regulation and maintenance of telomeres in
Drosophila melanogaster.
Arnab Ghosh,
Burdwan University, Burdwan, spoke on the
expression of matrix metalloproteinases 2 and 9
in different stages of cervical neoplasia and
cancer. Rathan Singh Jadav, CDFD, Hyderabad,
discussed about the role of inositol pyrophosphate
in homologous recombination repair. Nidhi
Chaudhary, NCCS, Pune, eloquently provided
evidences on the regulation of DNA damage
repair by nuclear matrix protein SMAR1. Jhansi
Rani N, Madras University, Chennai, discussed
about
the
anti-anglogenic
potential
at
theophyilline and its effect on development of
retina in Zebra fish (Dano rerio) embryo. Anoop
N, NISER, Bhubaneswar, discussed about the
regulation of nuclear expansion in Tetrahymena
thermophila. Rafia Shaikh, JNU, New Delhi,
spoke on the identification and characterization of
sestrin gene and its involvement autophagy using
Dictyostelium discoideum as a mode organism.
Ritu Mishra, CSIR-CCMB, Hyderabad, discussed
about HIV-1 Tat C-mediated regulation of
TRAF3 by microRNA32 in human microglia.
Arvind K Shukla, CSIR-IITR, Lucknow,
eloquently showed that Drosophila mth mutant
resists paraquat induced Parkinson’s like
symptoms. Kruti P. Mehta, BARC, Mumbai,
provided evidences that FtsZ from radiation
resistant bacterium Deinococcus radiodurans is
different from its characterized homologue. These
deliberations were evaluated by a panel of judges
to decide two best presentations by the students.
SPECIAL
SESSION
ON
THERMAL
ECOLOGY IN THE VICINITY OF
NUCLEAR POWER PLANTS
A special session on this topic was organized
in the evening of the second day of the

conference through a documentary film show and
Dr. S.K. Apte, BARC, Mumbai, summarized the
ecological heath status of flora and fauna in this
region.
SESSION ON SIGNALING MECHANISMS
IN CANCER
The first session on day three of the
conference was chaired by Dr. Rita Mulhelkar
and Dr. M. Seshadri. In her plenary talk, Prof.
Sandhya Visweswariah, IISc, Bengaluru spoke on
receptor Guanylyl Cyclase C and its role in
intestinal homeostasis and colorectal cancer. The
next speaker was Dr. Sudhir Krishna, NCBS,
Bengaluru, who spoke on Notch signalling and
human epithelial cancer heterogeneity. Dr.
Rashna Bhandari, CDFD, Hyderabad delivered
her lecture on inositol pyrophosphates in DNA
repair. Dr. Mayurika Lahiri, IISER, Pune, spoke
on DNA damage check point response to
alkylating damage in cells. Dr. Sorab Dalal,
ACTREC, Navi Mumbai, demonstrated that loss
of 14-3-3x and 14-3-3y leads to cdc25C
activation, disruption of centrosome clustering
and inhibition of cellular transformation. The last
lecture in this session was delivered by Dr.
Bhavani Shankar, BARC, Mumbai, on the role of
DNA damage responses in pro-survival signalling
in cancer.
SESSION ON CELLULAR RESPONSE TO
OXIDATIVE STRESS
This session was chaired by Dr. S.F. D'Souza
and Dr. J.R. Bandekar. The first speaker of this
session was Sharmila Chattopadhyay, IICB,
Kolkata, who discussed about the role of
glutathione as a signalling molecule in
environmental stress tolerance. Prof. Anil
Tripathi, BHU, Varanasi, then spoke on the role
of Multiple Heat Shock Sigma Factors during
Photooxidative Stress in Azospirillium brasilense.
Dr. B.Y. Chung, KAERI, Korea, in his invited
lecture discussed about the regulatory mechanism
of Bas1 dual functions in Arabidopsis thalliana.
Dr.
Hema
Rajaram,
BARC,
Mumbai,
demonstrated that membrane-targeted MnSOD
and the cytosolic FeSOD confer oxidative stress
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tolerance to Anabaena PCC7120 in a nitrogenstatus dependent manner. Dr. Manisha Banerjee,
BARC, Mumbai, spoke on oxidative stress
response of Anabaena PCC7120 and the role of a
novel glutaredoxin domain fused peroxiredoxin.
SESSION ON PROTEIN HOMEOSTASIS IN
STRESS
The session chaired by Dr. S. Zingde and Dr.
Arun K. Sharma had the first speaker as Prof.
Utpal Tatu, IISc, Bengaluru, who spoke on Mass
spectrometry based identification of transsplicing in Giardia lamblia Hsp90.
Dr.
Snehasikta Swarnakar, IICB, Kolkata, then spoke
on matrix metalloprotelnases as key regulator of
stress response to Helicobacter pylori infection in
gastric inflammation. Dr. Chandan Sahi, IISER,
Bhopal, spoke on functional specificity of J
protein functions. The last speaker of the session,
Dr. Bhakti Basu, BARC, Mumbai delivered her
lecture on proteomics of post-irradiation recovery
in Dienococcus radiodurans.
SESSION
ON
CHROMOSOME
MAINTENANCE AND FUNCTION
Dr. S.K. Mahajan and Dr. M.G.R. Rajan
chaired this session. The plenary lecture was
given by Prof. V. Nagaraja, IISc, Bangalore, on
perturbation of DNA topology modulation in
Mycobacteria. The next speaker was Dr. Issay
Narumi, JARI, Japan, who spoke on the
discovery of a novel DNA repair promoting
protein from Deinococcus radiodurans and its
application to biotech industry. Prof. Suman
Dhar, JNU, New Delhi, then spoke on the unique
features of human pathogenic bacteria
Helicobacter pylori DNA replication and cell
division cycle. The last speaker of the session,
Dr. S. Lim, KAERI, Republic of Korea delivered
his lecture on global gene expression analysis of
Deinococcus radiodurans in response to
cadmium and salt stress.
POSTER SESSION
Altogether, 110 posters were presented by
student members and young researchers on the
diverse areas of Cell Biology during the poster

sessions on first two days of the conference.
Majority of the posters were from the student
members. A panel of six judges evaluated the
posters in the award category. It was appreciated
that most of the posters were of high quality. The
poster session witnessed large attendance with
intense interaction taking place between the
presenter
and
the
interested
researcher/participant. Due to space crunch, it is
beyond the scope of this report to highlight
individual poster here.
AWARDS TO STUDENT MEMBERS IN
DIFFERENT CATEGORIES
On the whole, the deliberations through
platform and poster were stimulating and highly
educating. In the platform presentation category,
the paper entitled “Regulation of DNA damage
repair by nuclear matrix protein SMAR1” by
Nidhi Chaudhary and Samit Chattopadhyay from
NCCS, Pune was awarded Prof. V.C. Shah prize.
In the same category, another paper entitled
“Drosophila mth mutant resists paraquat induced
Parkinson’s like symptoms” by Arvind K Shukla,
D.K. Patel, M.Z. Abedin and D. Kar Chowdhuri
from CSIR-Indian Institute of Toxicology
Research, Lucknow, was selected for Prof A.S.
Mukherjee Memorial Prize.
In the poster presentation award category, the
paper entitled “Genetic interaction of non-coding
RNA gene hsrw with NURF301 chromatin
remodelling protein” by Deoprakash Chaturvedi
and S.C. Lakhotia, Banaras Hindu University,
Varanasi was awarded Prof. B.R. Seshachar
memorial prize. Dr. Manasi Ram Memorial prize
was given to Abhinav Parivesh for his paper
entitled “Characterization of the interaction
between checkpoint protein, TopBPl and antiapoptotic protein, Api5 in response to DNA
damage” which was authored by A. Parivesh and
M. Lahiri, IISER, Pune. Surbhi Wadhwan,
BARC, Mumbai received Prof. V.C. Shah prize
for her paper entitled “Radiation induced cell
death in bacteria is partially programmed” which
was authored by S. Wadhawan, S. Gautam and A.
Sharma. Two conference awards were given for
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poster presentations. Ms. Amita Kush Mehrotra,
Department of Genetics, Delhi University, South
Campus, Delhi received the award for her paper
entitled “Developing constructs with barnase
gene encoding an RNAse: Problems and
Solutions”. The second conference prize was
awarded to Preethi Sheshadri, MIRM, Bengaluru
for her paper entitled “Curcumin sustains selfrenewal of mouse embryonic stem cells in

absence of lif and feeders by decreasing ROS
levels” which was authored by P. Sheshadri and
A. Kumar.
Report prepared by:
D. Kar Chowdhuri
Embryotoxicology Laboratory
CSIR-Indian Institute of Toxicology Research
Lucknow
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Abstracts of Award Winning Platform and Poster Presentations by students during the
36th. All India Cell Biology Conference, BARC, Mumbai, October 17-19, 2012
Prof. V.C. Shah prize for Platform presentation
Regulation of DNA damage repair by nuclear matrix protein SMR1
Nidhi Chaudhary and Samit Chattopadhyay
National Centre for Cell Science (NCCS), Pune
Genomic stability is maintained with efficient and accurate repair of damaged DNA as DNA double
strand breaks (DSB) are main causes of mutations and chromosomal translocations which ultimately are
prime reasons of cancer. The present study reveals that the nuclear matrix binding protein SMARI
possesses a novel role in DNA damage response (DDR) and cell-cycle control. SMARI was found to bind
MARβ during screening of an expression cDNA library from double positive thymocytes. Nuclear matrix
is the site for repair and recombination of DSBs generated due to either endogenous events like V(D)J
recombination or due to exogenous agents like irradiation. It was found that SMARI forms gamma
irradiation induced repair foci and co localizes with γ-H2AX. SMARI directly interacts with Ku70 protein
and favours DNA repair by enhancing deacetylation of Ku70 via HDAC6. SMARI maintains Ku70 in
deacetylated state and affects Ku70-Bax interaction. Repression of SMARI decreases the repair activity
and cell survival due to increased chromosomal aberrations, indicating that SMARI regulates DNA repair
capacity of cells. In addition to this, SMARI is a phosphorylation target of DDR kinase ataxiatelangiectasia mutated (ATM) and gets phosphorylated at Ser370 upon DNA damage. SMARI promotes
phosphorylation of an indispensable checkpoint kinase ChK2 at Thr68 and thus decreased phosphorylation
of histone H3 Ser10, further acting as an important regulator of G2/M cell-cycle transition. Functionally,
SMARI facilitates DSB repair by assisting in anchorage of DNA repair factors like Ku70 at the site of
repair and causing cell-cycle arrest hence providing ample time for repair. These observations provide new
insights into how the nuclear matrix binding protein SMARI critically modulates DNA repair activity and
contributes for the maintenance of genomic integrity.
Prof. A.S. Mukherjee Memorial prize for Platform presentation
Drosophila mth mutant resists paraquat induced Parkinson's like symptoms
Arvind K Shukla, D.K. Patel, M.Z. Abdin and D. Kar Chowdhuri
Embryotoxicology laboratory, CSIR-Indian Institute of Toxicology Research, Lucknow
Parkinson's disease (PD) is the second most common neurodegenerative disorder, which involves
degeneration of dopaminergic neurons. A well-known herbicide, paraquat (PQ), has been considered as
one of the important risk factors for PD. Considering the well- characterized association between PQ and
PD occurrence, there is a need for amelioration of PQ toxicity against PD. In recent years, the application
of G protein coupled receptor (GPCR) in neurodegeneration has been suggested. Earlier, one of the
important GPCRs in Drosophila, methuselah (mth), has been shown to provide increased survival to the
organism against dietary PQ. Thus, the present study was aimed to examine the role of mth against PQ
induced PD like symptoms using Drosophila as a model organism. Significant resistivity of mth mutant
(mthl) flies against PQ induced oxidative stress in comparison to its parental control w1118 was observed.
Marked deterioration in locomotor performance, degeneration of dopaminergic neurons along with
decrease in dopamine (DA) pool was observed in PQ exposed w1118 flies while resistance towards all the
above observed parameters was observed in mthl flies. In contrast, flies that over express mth in their
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dopaminergic neurons when exposed to PQ, exhibited more susceptibility to oxidative stress, behavioural
deficit as well as increased neuronal death. The study demonstrated that mth mutation benefits the
organism from PQ induced PD like symptoms which strengthens the possible role of GPCR in
neurodegenerative disorder.

Prof. B.R. Seshachar Memorial prize for Poster presentation
Genetic interaction of non-coding RNA gene hsrro with NURF301 chromatin remodeling protein
Deo Prakash Chaturvedi and S. C. Lakhotia
Cytogenetics Laboratory, Department of Zoology, Banaras Hindu University, Varanasi
Nucleosomal organization regulated by the chromatin remodeling proteins plays very significant role in
gene expression. The NURF chromatin remodeling complex in Drosophila melanogaster contains four
subunits viz. ISWI (ATPase), NURF55 (a WD40 repeat protein), NURF38 (an inorganic pyrophosphatase)
and the largest subunit NURF301 (involved in nucleosome sliding). Homozygotes for a null allele of
NURF301 die at late third instar larval stage and show decondensed X chromosome in male salivary
glands. In view of an earlier report of interaction between ISWI and hsrw transcripts, we have examined if
these non-coding transcripts interact with NURF as well. We used the ubiquitous Act5C or tissue-specific
eyeless or C42 GAL4 drivers to express Nurf-RNAi transgene for down-regulation of NURF301.
Malpighian tubule specific C42-GAL4 driven Nurf-RNAi caused male lethality at pharate stage, disruption
of omega speckles in MT cells and high thermo-sensitivity. Act5C-GAL4 driven Nurf-RNAi also resulted
in male lethality at pharate stage, which was exaggerated when hsrw-RNAi was co- expressed with NurfRNAi but partially rescued by overexpression of hsrw using the EP93D allele. The pharate male lethality
in Act5C-GAL4 driven Nurf-RNAi is accompanied by defective dorsal closure. Expression of Nurf-RNAi
under the ey-GAL4 driver resulted in decondensation of X chromosome in male larval salivary glands.
This phenotype was exaggerated when hsrw-RNAi was co-expressed but was partially rescued in presence
of the EP93D allele. Polytene chromosomes of ey-GAL4 driven Nurf-RNAi show normal induction of
93D, 95D and 63B heat shock puffs but very small or no puffs at 87 A and 87C locus following heat shock.
Dr. Manasi Ram Memorial prize for Poster presentation
Characterization of the interaction between checkpoint protein, TopBPl and anti-apoptotic protein,
Api5 in response to DNA damage
Abhinav Parivesh and Mayurika Lahiri
Indian Institute of Science Education and Research (IISER), Pune
Mammalian cells are constantly faced with exogenous as well as endogenous genotoxic insults. Upon
DNA damage, the canonical pathways of checkpoint signaling, comprising ATM-Chk2 and ATR-Chkl are
activated which leads to pausing of the cell cycle and subsequent initiation of DNA repair. If the extent of
damage is beyond repair, the cell undergoes apoptosis. This decision is very crucial for the maintenance of
homeostasis and any de-regulation may lead to cancer. TopBPI is a checkpoint protein which functions as
a mediator in the ATR-Chkl pathway and is activated in response to single strand breaks or stalled
replication forks. It has been shown to transcriptionally inhibit E2FI-mediated apoptosis by recruiting
Brgl/Brm complex at E2FI responsive apoptotic promoters. Mass spectrometry analysis of a full-length
TopBPI pull-down performed in the lab with mammalian nuclear extracts identified ApiS as a novel
interactor with TopBPI upon DNA damage. ApiS or Apoptosis Inhibitor S, is an anti apoptotic protein
38

Cell Biology News Letter, Vol. 32 No 1-2, 2013

identified as an inhibitor of apoptosis upon growth factor withdrawal. ApiS has also been shown to inhibit
E2FI-mediated apoptosis without affecting its transcriptional function. Since both TopBPI and ApiS inhibit
E2FI-mediated apoptosis at different levels, and ApiS shows enriched interaction with TopBPI upon DNA
damage, it would be interesting to further investigate the implications of TopBPI and ApiS interaction as
this interaction could turn out to be one of the ways in which the cell connects the checkpoint signaling
machinery with apoptosis induction in response to DNA damage. Preliminary results show a direct
biochemical interaction of ApiS with TopBPI. Knockdown studies suggest that ApiS may be affecting the
checkpoint signaling. TopBPI has been shown to form nuclear foci upon camptothecin and UV-induced
DNA damage but ApiS does not form damage-induced foci. It has also been observed that ApiS does not
get recruited at sites of laser-induced DNA damage.

Prof. V.C. Shah prize for Poster presentation
Radiation induced cell death in bacteria is partially programmed
Surbhi Wadhawan, Satyendra Gautam and Arun Sharma
Bhabha Atomic Research centre (BARC), Mumbai
Molecular events during exposure of bacteria to gamma radiation were studied. The bacteria studied
included E. coli, Salmonella enterica sv. Typhimurium, Bordetella bronchiseptica, Xanthomonas
campestris, and Bacillus subtilis. The death of bacteria was found to occur both by apoptotic as well as
necrotic pathways. The bacteria were found to undergo caspase dependent programmed cell death (PCD)
upon exposure to gamma radiation. Irradiating these bacteria at their respective DIO in the presence of
inhibitors of caspase-3 and poly (ADP ribose) polymerase (PARP) increased the cell survival significantly.
Cells undergoing RICD were found to display markers of apoptosis similar to those found in eukaryotes
viz. caspase-3 activation, and phosphatidylserine (PS) externalization. A PCD negative mutant of
Xanthomonas lacking caspase activity and PS externalization displayed radio-resistance compared to the
wild type strain. The quantum of RICD was found to be suppressed in E. coli when the cells were pretreated with sublethal concentrations of rifampicin or chloramphenicol, indicating that de novo gene
expression was involved in RICD. Findings indicated that a part of radiation exposed bacterial population
die in programmed manner. Radiation is known to cause dose dependent DNA damage which has been
earlier reported to induce SOS resgonse in E.coli. Interestingly, the levels of LexA repressor dwindled and
cell filamentation frequency significantly increased in irradiated E. coli cells, whereas, the presence of
caspase inhibitor retained LexA level and prevented cell filamentation. Further, the observed SOS
inhibition by this caspase inhibitor in the wild type E. coli cells was not observed in single gene knockouts
of umuC, umuD, recB and ruvA. These findings suggested that SOS repair pathway and caspase dependent
cell death are interlinked since caspase activation drives the cell towards death by increasing the SOS
response.
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Conference prize for Poster presentation
Developing Constructs with barnase gene encoding an RNAse: Problems and Solutions
Amita Kush Mehrotra
Department of Genetics, University of Delhi South Campus, New Delhi.
Developing constructs with genes like barnase which are toxic to the cell is a problem. In our
laboratory, constructs with barnase gene have been developed for generating transgenics in mustard and
cotton with a male-sterile phenotype. The barnase gene from Bacillus amyloliquefaciens is a part of the
barnase-barstar system. The barnase gene encodes for an RNAse while the barstar protein is an inhibitor of
the barnase protein activity. During the development of first generation barnase construct, there was
difficulty in cloning it even in the vectors like pBSK+. The leaky expression from other upstream
promoters in the vector was probably responsible for the accumulation of barnase protein in the bacterial
cells leading to its lethality. This problem was circumvented by cloning the barstar gene under its native
promoter in all the vectors where the barnase gene was to be cloned. Further, while developing binary
vectors for plant transformation with the barnase gene under tapetum specific promoter TA29, the
construct was found to be unstable in Agrobacterium tumefaciens cells. This problem was circumvented by
cloning rho independent terminators sequences upstream to TA29 promoter expressing the barnase gene 2.
As a part of the present study, barnase constructs were to be developed using a promoter isolated from
cotton which has to express in the anther tissues of cotton. The promoter when cloned upstream to the
barnase gene present in the vector pBSK+ resulted in clones wherein the barnase gene cassette was either
missing or truncated. As in the previous constructs, this construct also contained a barstar gene.
An analysis of the cotton promoter revealed that it carried elements similar to bacterial promoters. It was
then decided to introduce an intron in the barnase gene. As the intron would not be spliced out in the
bacterial cells, there would be no problems in developing constructs with this gene. However, the intron
would have to be properly spliced out in plants to achieve male-sterile lines. Two candidate introns, one
from catalase1 gene of castor bean and the other from a putative anther specific gene of cotton, were
cloned in the barnase gene at a site to create proper splice junctions. Once the intron was introduced,
cloning of barnase gene could be easily achieved even in the absence of the barstar gene. The proper
splicing of the intron was tested by developing transgenics in tobacco wherein the intron containing
barnase gene was expressed under the constitutive promoter, CaMV35S and the tapetum specific promoter
TA29.
Conference prize for Poster presentation
Curcumin sustains self-renewal of mouse embryonic stem cells in absence of lif and feeders by
decreasing ROS levels.
Preethi Sheshadri and Anujith Kumar
Manipal Institute of Regenerative Medicine, Bengaluru.
Embryonic stem cells (ESCs) are unique cells bestowed with broad differentiation and symmetrical selfrenewal properties without compromising on karyotypic abnormalities. However, adapting this model
system for developmental studies is limited by the ambiguity in culturing these cells uniformly. The
reasons being usage of feeders and undefined serum components and thus, maintaining a delicate balance
between self- renewal and differentiation remains a tough task upon in-vitro culture. One of the key
exogenous factors known to maintain pluripotency of mESCs is LIP, and the existence of different LIPindependent mechanisms in maintaining pluripotency is not well deciphered. As pluripotent stem cells like
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ESCs and iPSCs offer an unprecedented opportunity to study the developmental vents as well as
therapeutically potential tool, it is very essential to know about the existence of different molecules which
aid in maintenance of pluripotency. Usage of small molecule inhibitors and agonists in maintaining
pluripotency of stem cells is relatively an unexplored area of research in stem cell biology.
Towards the above objective, curcumin, a well-known anti-oxidant and NFkB pathway regulator was used
under LIP-and feeder free conditions for maintenance of mESCs. Exposure of curcumin resulted in LIP
and feeder independent expression of pluripotency maintenance genes-Oct4, Nanog, Sox2 and Rex1 thereby supporting self-renewal of mESCs. Differentiation towards all the three lineages of ESCs cultured
in presence of curcumin by embryoid body formation demonstrated the functional attribution of mESCs to
contribute the entire repertoire of differentiated tissues. Increased redox levels have been reported to be
resulting in enhanced differentiation of ESCs. Further insight Iilluminated curcumin to play a major role in
regulating the ROS levels of ESCs, cultured in absence of LIP, emphasized by enhanced expression of
redox enzyme superoxide dismutase. Thus, maintenance of pluripotency in mESCs in LIP/feeder
independent culture could be attributed to its anti-oxidant roles. The relevance of curcumin mediated antioxidant responses in influencing self-renewal of mESCs would be further evaluated.
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NEWS UPDATE
The 37th. All India Cell Biology Conference will be held at Bengaluru during December, 2013 with
Dr. Jyotsna Dhawan as the convener. For further details, she may be contacted at
jyotsna.dhawan@gmail.com.
7th. Prof. Jyotirmoy Das Memorial Endowment lecture is scheduled during the 37th. All India Cell
Biology Conference, 2013. Relevant information will be communicated to the members by Dr. V.
Radha, CSIR-CCMB, Hyderabad, who has taken over as the secretary of the society w.e.f. April 01,
2013.
Organizing of Lecture/Workshop: Indian Society of Cell Biology invites proposals from its
members to organize lecture cum workshop for school and college students and also for college
teachers. Kindly send your request to Dr. V. Radha, CSIR-CCMB, Hyderabad for further action in
this regard.
Student members and ordinary members are requested to update their membership: Kindly
send your membership form duly filled in to Dr. V. Radha, Secretary, ISCB or to Dr. AS Sridhar,
Treasurer, ISCB, CSIR-CCMB, Hyderabad, Uppal Road, Hyderabad 500007 along with a DD of
Rs. 100.00 (student membership renewal) or Rs. 150.00 (ordinary membership renewal) in favour
of Indian Society of Cell Biology (Regd.) payable at Hyderabad.
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AMOUNT
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AMOUNT
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AMOUNT

2,159,962.17
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Cash
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4,000.00 Bank of Baroda, Vns

2,402,813.95

I
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Cash in Hand
SBI, Varanasi
BOB, Varanasi
To Membership Fees:
Student & Ordinary
Life Membership Fees

I

To
To
To
To
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-

146,856.34
1,033.00

10,970.00
72,453.00

Interest on GOI
Contribution of Zoology Dept.
Interest on SB Ale
Interest From HDFC
GOI Bond Matured

By
By
By
147,88934 By

83,423.00

5,544.44
1,011.00
5,004.00
160,085.00
300,000.00
By Closing Balances:
Cash
SBI, Varanasi
SBI IITR Branch
Bank of Baroda, Vns

Total
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400,000.00
12,465.00
32,321.00
15,319.00

PAYMENT
Investment in FOR (HDFC)
Printing & Stationery
Seminar Exps
Travelling Exps.

702,956.78

486.00
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22,702.00
1,033.00
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44

MOHIT K. SAIGAL &

co.

"SAIGAL HOUSE"
B 37/122, MAHMOORGANJ
VARANASI - 221010

CHARTERED ACCOUNTANTS
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To Printing & Stationery

AMOUNT
12,465.00

INCOME
By Interest on GOI

AMOUNT
5,544.44

To, Seminar Exps

32,321.00

By Contribution of Zoology Dept.

1,011.00

To Travelling Exps.

15,319.00
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5,004.00

To Audit Fees

4,000.00

"

By Interest From HDFC
By Student & Ordinary Membership
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Expenditure transferred to
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TOTAL

For INDIAN SOCIETY OF CELL BIOLOGY
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TOTAL
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For MOHIT K SAIGAL & CO.
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