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Foreword






It is my great pleasure and privilege to
present the Annual Report of CSIR-CCMB
for the year 2017-2018. This report
summarizes the research programmes of
CCMB as well as related activities and
initiatives like education, training and
science popularization.

CSIR-CCMB carries out research in
the frontier areas of modern biology which
include - (i) Developmental Biology and
Aging, (i1) Structural Biology, (ii1) Genomics
and Health, (iv) Cell and Stem Cell
Biology, (v) Plant Biology, (vi) Microbes
and Biology of Infection and (vii) Wildlife
Conservation & Ecology. This year, we have
strengthened our Cell and Developmental
biology components by adding new
research groups studying immune cell
signaling, and addressing questions in
cellular proliferation & differentiation
using the Zebrafish and Drosophila
model systems. The core activity of CCMB,
which is to carry out basic research in
biology and seek potential applications
of this work, has led to several significant

discoveries that are described in this report
under different groups.

In addition to these research
activities, CCMB has also taken a strategic
decision to promote innovation and
entrepreneurship through its Innovation
HUB (iHUB) and technology development
programmes. The major emphasis
in this direction is to incubate start-ups
and young entrepreneurs at the Atal
Incubation Centre and Common Research
and Technology Development Hub
located in our iHUB complex. There are
around 15 such companies being incubated
at present and more are likely to come in
soon. We have also initiated several Skill
Development Programmes to create
industry-ready manpower in the area of
healthcare.

CSIR-CCMB has
noteworthy efforts in popularizing science

also made

and research among various target
audiences including the general public,
school & college students, medical



professionals, and medicos in training.
We have done this by a variety of means
such as the CCMB open day, arranging
educational visits to CCMB, organising
popular lectures, and via our in-house science
magazine, ‘Jigyasa’. Furthermore, a new
outreach initiative has been launched
by our PhD students, where they actively
interact with students of various local
colleges to inspire them by discussing not
only our ongoing research but recent
breakthroughs in modern biological

research as well.

We hope that all our efforts will attract
more talent into research, educate the public
about the importance of science and, as a
result, also help in the development of a
greater scientific temper in society.

Rakesh Kumar Mishra
Director
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CCMB Charter

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

The objectives of the Centre are:

a)

b)

To conduct research in frontier and multi-disciplinary areas of modern biology and to seek potential
applications of this work.

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

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

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

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

To collect, collate and disseminate information relevant to biological research.
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Amit Asthana

Applications of Microfluidics, Micro and Nanotechnology in Life Sciences

1% o

& AU

From Left to Right: Joseph Xavier, Amit Asthana, Ira Bhatnagar, Shahila Parween, Naga Sowmya

RESEARCH INTERESTS:

+  Non-conventional methods to fabricate microfluidic devices

+  Point-of-care diagnostic devices based on paper-microfluidics
+  Paper-based devices as Raman immune-sensors

+  Biopolymer microfluidic devices for tissue engineering and cell
culture

3D printing and 3D cell culture

+  Generation of “site targeted” drug delivery vectors for drug
delivery and diagnosis, using microfluidic devices

“The main aim of our group is to use micro and
nanotechnology to address biological problems. The current
interests of our group include non-conventional ways of
fabricating microfluidic devices, paper-microfiuidic devices,
SERS based tools for bimolecular detection, generation of
micro/nano particles for drug delivery and biosensing, 3D
printing and 3D cell culture devices.”

Selected recent publications

1.

Rayaprolu A, Srivastava SK, Bhati L, Anand K, Asthana A,
Rao CM (2018). Fabrication of cost-effective and efficient
paper-based device for viscosity measurement. Analytica
Chimica Acta. doi.org/10.1016/j.aca.2018.05.036

Ahsan SM, Thomas M, Reddy KK, Sooraparaju SG, Asthana
A, Bhatnagar | (2018). Chitosan as biomaterial in drug
delivery and tissue engineering. Int. J. Biol. Macromol. 110:
97-109.

Bhatnagar |, MahatoK, Ealla KKR, Asthana A (2018).
Chitosan stabilized gold nanoparticle mediated self-
assembled gliP nanobiosensor for diagnosis of Invasive
Aspergillosis. Int. J. Biol. Macromol. 110: 449-456.

Pham UHT, Hanif M, Asthana A, Igbal SM (2015). A
microfluidic device approach to generate hollow alginate
microfibers with controlled wall thickness and inner diameter.
J. Appl. Phy. 117:214703.

Micheal 1J, Vidyasagar AJ, Bokara KK, Mekala NK, Asthana
A, Rao CM (2014). Foil assisted replica molding for
fabrication of microfluidic devices and their application in
vitro. Lab chip.14: 3695-3699.
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Using a non-conventional method developed in our
group to fabricate microfluidic devices, termed as
“modified embedded templates”, we have recently
demonstrated an approach to generate hollow
alginate microfibres with controlled wall thickness and
inner diameter using the above mentioned
microdevices.These devices are also used to
generate PLGA and alginate microparticles in the
group.

Non-conventional
microfluidic devices

way of fabricating

As a part of our attempts to fabricate affordable
diagnostic devices, we are currently exploring
non-conventional ways to fabricate polymer- as
well as paper-based microfluidic devices
(See Figure 1 (A), (B), and (C)). Among all
the affordable devices mentioned in the literature,
paper-based microfluidics is considered a potential
“game-changer” in the field of diagnostics because
of the affordable prices of paper as a substrate.
Currently we are using 4 different ways of
making devices (1) wax printer (Figure 1 (B)) (2) XY
plotter with a permanent ink pen (Figure 1 (C)) (3) XY
plotter with ink developed in our lab (4) laser cutter.

Cost effectiveand efficient paper-based
viscometer (With Dr Ch Mohan Rao)

Use of paper-based devices for affordable
diagnostics is gaining interest due to unique
advantages like affordability, portability, easy
disposability and inherent capillarity. As capillary
transportation is an integral component of paper-
based devices, low sample volume with faster
measurement becomes an additional advantage. We
have exploited the afore-mentioned features of
paper-based devices to develop a simple microfluidic

device suitable for measuring viscosity of Newtonian
fluids as well as a few non-Newtonian fluids. The
paper fabricated for viscosity measurements have
been designed with arms that support a test channel
(see Figure 2.) and also help in overcoming the issue
of deformation that is usually caused due to the flow
and wetting of the paper substrate. With an excellent
correlation coefficient of 0.9997 when compared the
Ostwald’s viscometer, these paper-based devices
could serve as a better alternative to conventional
methods for viscosity measurements. The major
advantages that paper-based viscometer offers over
conventional viscometer include its time efficiency,
cost effectiveness, and low sample volume
requirement. Moreover, these paper-based devices
can also be effectively used to estimate molecular
weights of polymers with reasonable accuracy.
The molecular weight of a model polymer, i.e.,
Dextran T500, is ~500000 daltons unit and with our
paper-based devices we have achieved molecular
weight of 496085 daltons unit by plotting reduced
and inherent viscosities. The point of intersection
of both the lines (reduced and inherent viscosity)

at the Y-axis gives the intrinsic viscosity (n). The value

of intrinsic viscosity along with empirical parameters
characteristic of a particular solute-solvent pair
when used in Mark-Houwink equation gives
molecular wt. of a polymer. Further with our paper-
based viscometer one can rapidly ascertain the
quality of proteins. We have used BSA and Lysozyme
as model proteins and studied the viscosity of native
and denatured proteins (achieved by heating). The
viscosity values of native and denatured proteins
were compared and a significant increase in viscosity
was observed in case of denatured proteins. Folded
globular proteins are compact, however, when they
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Fig. 1: Different ways of fabricating Microfluidic devices. The systematic representation of (A) non-conventional way of fabricating PDMS
devices; and (B) Fabrication of paper-based devices using a wax printer; (C) system used to print paper-based devices using a pen and X-Y
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Fig. 2: Paper-based viscometer and its principle; (A) A paper-based
viscometer and it's working principle; (B) The paper-based
viscometer with 8 mm circular sample port followed by 20 x 4 mm
channel supported by 6 fragments on four sides and working of
devices; Graphs showing positive correlation coefficient for the
viscosity values obtained using paper-based viscometer and
an Ostwald’s viscometer for different concentrations of
(C) sucrose (up to60%) and (D) glycerol (up to 80%).

are unfolded (denatured) the chains extend and alter
the viscosity of the solution. Therefore we can easily
use a paper based viscometer to ascertain protein
stability and purity.

Affordable genosensor towards early
detection of Invasive Aspergillosis

Diagnosis of Invasive Aspergillosis (IA) caused by
Aspergillus fumigatus in miniaturized setting is
challenging and has great importance to human
health. We have recently designed a sensitive
electrochemical Nano biosensor for diagnosis of IA
through detecting the target virulence gene gliP. The
ability of the designed sensor to detect glip-T was
analysed based on the hybridization reaction
and the signal was obtained using toluidine blue as
hybridization indicator (Figure 3A). Currently,
diagnosis of aspergillosis involves microbial culture
steps and tests that are invasive, painful, labour-
intensive and time-consuming, and can take up to
three days for diagnosis. The developed biosensor
addresses these problems. It provides onsite and
rapid detections (less than 20 minutes), allowing
early-stage diagnosis. This may help to save many
lives as seven in every 1000 patients in intensive care
units in India develop fungal infections.

We have used gold nanoparticles, a polysaccharide
called chitosan, a gold electrode and 1,6-
Hexanedithiol (HDT) to assemble the biosensor in a
miniaturized setting (Figure 3B). It works by detecting
‘gliP—a gene found exclusively in the invasive

Aspergillus species. The gene encodes an enzyme
essential for the production of gliotoxin - a fungal toxin
that harms the immune system of the host and allows
the growth of the fungus in the body. Thus, detection
of gliP is an indication of the gliotoxin producing
Aspergillus sp. and helps to determine a specialized
antifungal regimen against invasive aspergillosis. Our
group has tested the new biosensor under different
parameters—different g/iP concentration,
temperature, reaction time and the concentration of
the toluidine blue dye used for detection. We found
that the sensor could detect the gliP gene in a solution
of various other substances, thus demonstrating its
high sensitivity and accuracy. Also, since the
materials used to make the biosensor do not readily
degrade, the sensor can be used multiple times and
can remain stable for about seven weeks. These
properties make the sensor very cost-effective and
affordable. Such a device could make detection of
infection quicker and easier than the current process
that involves waiting for test reports from labs. Similar
biosensors can also be applied to detect other genes
and genetic biomarkers of other diseases.
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Fig. 3: gliP gene based biosensor and its principle; (A) Scheme of
the design for biosensor fabrication; (B) Nyquist plots for step by
step gliP gene biosensor fabrication for Au-E, Au-E/HDT, Au-
E/HDT/AuNPs, Au-E/HDT/AuNPs/p-DNA surface, inset shows a
simple Randle’s circuit; (C) Differential Pulse Voltametery (DPV)
curves where the current responses increase with increase in
gliP-T (Test) concentrations. The increase in the current response
after binding with various gliP-T concentrations was due to
increase in toluidine blue binding cites after glip-P (probe) and
glip-Thybridization.
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A S Sreedhar
Stress Biology and Molecular Medicine

From Left to Right: Ramkumar Balaji, Akhil Kotwal, A Vijaya Lakshmi, Aakanksha Pant, Pankaj Kumar, K R Paithankar, A S Sreedhar, Shrikant P. Dharaskar

RESEARCH INTERESTS:

Enforced senescence as a tumor suppressor mechanism
Hsp90 in the epigenetic regulation of cancer

Hsp90 in the cross-talk between acquired multidrug resistance
and metastasis of cancer

Evaluation of the mitochondrial chaperone Trap1 for its role in
cancer

“Our group discovered enforced senescence as a
tumor suppressor mechanism, identified tumor
selective functions of Hsp90 and its novel roles in
multidrug resistance, identified a potential role for
Trap1 in mitochondrial dynamics and metabolism
and worked on developing organelle specific
targeting of Hsp90 and its isoforms”.

CCMB Annual Report 2017-2018 | 010

Selected recent publications

1.

Kanugovi AV, Joseph C, Sreedhar AS (2016). The tumor
suppressor p16INK4a expression bypasses 17AAG
mediated cellular effects in human neuroblastoma,
IMR-32. Transl. Med. 6: 4.

KanugoviAV, Sugunan S, Joseph C,Amere SS (2015). The
prosurvival activity of HSF2 in response to autophagic
stress is triggered by HSF2 —dependent transactivation of
BTG2. Mol. Biol Cell. 26: 4523.

Kanugovi AV, Amere SS (2014). Oncogene de-addiction
from Hsp90 induces senescence-like phenotype
in malignant and metastatic tumor cells. Mol. Biol. Cell.
25:3987.

Sarangi U, Singh MK, Abhijnya KV, Prasanna Anjaneya
Reddy L, Siva Prasad B, Pitke VV, Paithankar KR,
Sreedhar AS (2013). Hsp60 chaperonin acts as barrier to
pharmacologically induced oxidative stress mediated
apoptosis in tumor cells with differential stress response.
Drug Target Insights 7: 35-51.

Sarangi U, Paithankar KR, Ujwal Kumar J, SubramaniamV,
Sreedhar AS (2012). 17AAG treatment accelerates
doxorubicin induced cellular senescence: Hsp90
interferes with enforced senescence of tumor cells.
Drug Target Insights 6:19-39.

Chaturvedi V, Ujwal Kumar J, Swamy CVB, Nandini R,
Srinivas G, Kumaresan R, Singh S, Sreedhar AS (2011).
Repercussion of mitochondria structural deformity induced
by anti-Hsp90 drug 17AAG in human tumor cells. Drug
Target Insights 5: 11-32.



Heat shock proteins (Hsps) form the most ancient
defense system in all living forms. Hsps are highly
conserved and ubiquitously expressed proteins that
play major roles in the maintenance of cellular
homeostasis. Induced Hsps protect cells from various
harmful stimuli. Increased Hsp expression is also
found in several pathological conditions including
cancer. We are interested in studying the
unconventional roles of Hsps in tumor cells using
molecular and chemotherapeutic approaches.

Oncogene deaddiction and tumor
suppressor de-adaptation triggers
premature senescence

We earlier demonstrated that mutated oncogenic
Raf-1 is addicted to Hsp90, thus pharmacological
inhibition of Hsp90 results in proliferation crisis
leading to premature cellular senescence. Selective
kinase interaction through acquired high affinity
conformation of Hsp90 appears to be responsible
for senescence activation. Subsequently we
showed that tumor cells that are resistant to
Hsp90 inhibition are also insensitive to constitutive
expression of tumor suppressors such as Rb
and p16™*“. Interfering with p16™* expression
sensitized tumor cells to Hsp90 inhibition, however
triggered senescence activation. We also
demonstrated that enforced cellular senescence
acts as a tumor suppressor mechanism both
in vitro and in vivo. We propose that use of Hsp90
inhibitors either alone or in combination to induce
premature cellular senescence acts as an efficient
and irreversible antitumor mechanism.

Hsp90 in the epigenetic regulation of cancer

Cancer is a disease that emerges as result of both
genetic and epigenetic alterations. Hsp90 is known
as a cancer chaperone due to its role in functional
stabilization and conformational maturation of
mutated gene products. Hence Hsp90 inhibitors have
emerged as novel anticancer agents. However, the
role of Hsp90 in the epigenetic regulation of cancer is
unexplored. Using breast cancer cell lines as model,
we examined the potential role of Hsp90 in regulating
the expression of tumor suppressor proteins, more
specifically retinoblastoma (Rb). Our initial studies
have indicated that Rb regulation is under the
control of Hsp90 by a yet to be identified regulatory
mechanism. While exploring the upstream molecules
that regulate Rb gene expression, we uncovered
E2F1 and E2F2 as novel interacting partners of
Hsp90 in the nucleus. The E2F family of transcription
factors play a significant and important role in
regulating the cell cycle. Our results show that
Hsp90 may be involved in regulating altered cell cycle

in cancer cells through E2F regulation. However in
normal cells although we observed a similar
interaction, it showed negligible effects on cell cycle
regulation indicating that Hsp90 functions in a tumor
selective manner. Further the high affinity
conformation of Hsp90 appears to regulate these cell
cycle controls. The ChIP- sequence analysis
furthered our understanding that Hsp90 binds to =
10000 loci in the genome. The binding of Hsp90 is
enriched in the promoters of genes related to cancer
progression. Thus our results show that Hsp90 is not
only involved in the maturation and functional
stabilization of mutated cancer gene products in the
cytoplasm, but regulates/controls gene expression
through its association with several chromatin
modifiers. This is a firsthand information on nuclear
functions of Hsp90 contributing to tumor progression.
We are now evaluating the epigenetic modifiers that
control/activate nuclear Hsp90.

Hsp90 inhibition and multidrug resistance

Earlier we reported that Hsp90 and P-glycoprotein
(P-gp) expression correlates with a multidrug
resistant cancer phenotype. Further, we
demonstrated that increased high affinity
conformation of Hsp90 is associated with enhanced
drug efflux activity. Correlating with enhanced
drug efflux activity, we also observed increased
co-localization of Hsp90 and P-gp at the plasma
membrane, more specifically at the cholesterol
rich membrane microdomains called lipid rafts.
We also demonstrated that in response to the
chemotherapeutic stimulation, there was an
increased co-localization. Interfering with cholesterol
synthesis using lovastatin indicated that not new
synthesis, but cholesterol redistribution may be
involved in enhanced drug efflux activity. Since Hsp90
is hydrophobic in nature, we speculated that it is
involved in cholesterol redistribution. In silico analysis
results indicated that Hsp90 contains repeats of
CRAC motifs (cholesterol consensus sequences).
The anisotropy measurements have indicated
potential interference of Hsp90 with fluorescently
labeled cholesterol. Subsequent experiments are on
to separate specificity of cholesterol interaction with
normal and active Hsp90 and also mapping
cholesterol interaction with Hsp90 deletion products.

Trap1 in metabolic reprogramming and in the
maintenance of mitochondrial integrity

Trap1 (TNF receptor associated protein 1) is a
nuclear encoded, mitochondrial chaperone belonging
to the HSP90 family. Earlier we showed that Trap1
expression increases with the aggressiveness of a
tumor and is associated with enhanced mitochondrial
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fission, whereas its knockdown promotes
mitochondrial fusion. Since mitochondria are central
for cellular energy metabolism, we examined the role
of Trap1 in regulating mitochondrial metabolism.
While measuring oxygen consumption rate (OCR),
we found out that Trap1 over expression decreases
OCR, while its knockdown increases the same.
Increased ATP levels in the functional compromise of
Trap1 furthered our understanding that Trap1 may be
involved in metabolic reprogramming. However,
maintenance of mitochondrial integrity in presence of
Trap1 suggests its role in decreasing mitochondrial
oxidation, but maintaining its integrity by a yet
unexplored mechanism. To identify Trap1 partners in
mitochondria, we adapted TAP (tandem affinity
purification) system. Trap1 with MLS (mitochondria
localization signal peptide sequence) and without
MLS were compared with TAP-Trap1 co-
immunoprecipitations and subjected to quantitative
MS/MS analysis. The IDs obtained by pathway
analysis are now being evaluated for identifying
potential interacting partners of Trap1.

Hsps in Mitochondrial homeostasis:
Caenorhabditis elegans as a model system

Mitochondria are the major sites of ATP production
(aerobic respiration) and hence are referred to as
energy centers. The mitochondrion plays a key
regulatory role in deciding cell fate - a lowered oxygen
environment may facilitate altered energy
metabolism to facilitate cell survival. In comparison to
normal cells cancer cells have evolved adaptive
mechanisms to overcome an oxygen limited
microenvironment. Our laboratory earlier reported
that mitochondrial chaperones play a significant
role in metabolic reprogramming, especially in the
hypoxic microenvironment in vitro. Here, using an in
vivo experimental model, C. elegans, we aimed at
understanding the role of these chaperones in
hypoxia adaptations and associated altered energy
metabolism. Since metabolic pathways are highly
conserved in C. elegans, we may be able to link the in
vivo adaptations mediated through mitochondrial
alterations. Our preliminary findings have indicated
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that Hsp90 rescues cells from chemical hypoxia
induced toxic effects. Hsp90 also potentiated
enhanced survival fitness through enhanced
mitochondrial functions such as oxygen
consumption rate and regained mitochondrial
morphology in a functionally competent state.
Compared to worms with wild type, hsp90 and hif-1a
mutants showed increased sensitivity to hypoxia
indicating that Hsp90 induced cytoprotective effects
in vivo are linked to mitochondrial functions and
also to the hypoxic stress response mediated
through HIF1-a. Rescue is also observed with
glucose supplementation however only in the
wild type, indicating a cross-talk between Hsp90
and mitochondrial functions. Work towards
understanding the intermediates involved in
regulating the metabolic switch is in progress.

Organelle specific nanocarrier molecules to
target mitochondria

Sub-cellular targeted drug delivery is emerging as the
new frontier in drug delivery. An attractive strategy to
increase the therapeutic implication of a drug is to
specifically deliver the therapeutic drug in its active
form, not only into the target tissue or even to target
cells, but more importantly, into the targeted
organelle. Despite the ability of nanoparticle-based
drugs to reach the target cell and increase the
efficiency of drug delivery for longer time periods, the
main barrier to intracellular delivery is the
translocation of therapeutic molecules across the
organelle membranes and their retention there on.
We developed one such drug candidate for targeting
the mitochondrial chaperone, TRAP-1 with the help of
iron oxide nanoparticles. We adapted a facile
immobilization strategy to make a nanocarrier
molecule, where the nanoparticle is conjugated to a
drug/ therapeutic peptide (shepherdin) and a
mitochondrion specific signal peptide. The in vitro
evaluation of these nanocarrier molecule indicated
organelle specific targeting. Our findings indicate that
MLS conjugated nanoparticle based drugs are
efficient to compromise mitochondrial functions, this
however needs further evaluation.



Purnima Bhargava
Epigenetic Mechanisms of Gene Regulation

From Left to Right: Purnima Bhargava, Ashutosh Shukla, Geethanjali Ravindran

RESEARCH INTERESTS:
+ Transcription by yeast RNA polymerase |lI
+  Epigenetic regulatory mechanisms

+  Determinants of Nucleosome positioning

“Our group has been trying to understand the
mechanisms followed by the transcription
machinery to overcome the repressive influence of
the chromatin, using yeast as model eukaryotic
system.”

Selected recent publications

1.

Shukla A, Bhargava P (2018). Regulation of tRNA gene
transcription by the chromatin structure and nucleosome
dynamics. Biochim. Biophys. Acta Gene Regul. Mech. 1861:
295-309.

Belagal P, Normand C, Shukla A, Wang R, Dez C, Bhargava
P, Gadal O (2016). Decoding the principles underlying
the frequency of association with nucleoli for RNA
polymerase lll-transcribed genes in budding yeast. Mol. Biol.
Cell 27:3164-3177.

Vernekar DV, Bhargava P (2015). Yeast Bud27 modulates
the biogenesis of Rpc128 and Rpc160 subunits and the
assembly of RNA polymerase lll. Biochim. Biophys. Acta
Gene Regul. Mech. 1849: 1340-1353.

Kumar Y, Bhargava P (2013). A unique nucleosome
arrangement, maintained actively by chromatin remodelers
facilitates transcription of yeast tRNA genes. BMC Genom.
14:402.

Mahapatra S, Dewari PS, Bhardwaj A, Bhargava P (2011).
Yeast H2A.Z, FACT complex and RSC regulate transcription
of tRNA gene through differential dynamics of flanking
nucleosomes. Nucl. Acids Res. 39:4023-4034.
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Compaction of the eukaryotic genome into chromatin
restricts the access of transcription machinery to its
templates. We have been trying to understand the
mechanisms followed by the transcription machinery
to overcome the repressive influence of the
chromatin, using yeast as model eukaryotic system.
In the budding yeast Saccharomyces cerevisiae,
~300 genes are found scattered on different
chromosomes are transcribed by the enzyme RNA
polymerase (pol) Ill. Pol Il is dedicated to
synthesizing the short, stable, non-coding RNAs,
required for the vital cell processes like translation,
ribogenesis and mRNA processing. Pol Il is assisted
by its two basal factors TFIIIC and TFIIIB, which
assemble the transcription complex utilizing the
intra-genic promoter elements. The genes are
housekeeping and generally devoid of upstream
regulatory sequences. As compared to the genes
transcribed by pol I, only 3-5 classical DNA-binding
regulatory proteins are known for the pol llI-
transcribed genes. Recent evidences for regulation
by chromatin-related mechanisms have been
unraveling novel mechanistic details which have
positive effect on transcription by pol lll.

Using global as well as gene-specific approaches,
we had earlier reported a unique arrangement of
nucleosomes on all the pol lll-transcribed genes in
S. cerevisiae. The gene body of all tRNAs was found
in a nucleosome-free region (NFR) bordered by two
nucleosomes containing the histone variant H2A.Z.
The upstream (US) nucleosome is strongly
positioned while the downstream (DS) nucleosome is
positioned at various distances from the gene
terminator. The DS nucleosome dynamics was found
to provide a novel regulatory mechanism for
transcription of most of the pol lll-transcribed genes
in vivo. Further, measurement of pol Il occupancy
revealed that in the budding yeast all genes are
actively transcribed but to different levels. Pol llI
transcription is precisely regulated under various
stress conditions. In order to find new regulatory
molecules, we used AP-MS/MS approach for
identifying the complete repertoire of interacting
partners of the yeast pol lll transcription machinery.
A large number of proteins involved in chromatin
biology, ribogenesis, stress signaling as well as pol Il
transcription were identified. During the past several
years, we could find functions for some of such
proteins. Examples include a prefold in molecule
Bud27, which was found to interact with pol Ill and
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regulate the nuclear localization and cytoplasmic
assembly of the functional pol Ill. Its deletion affected
the total levels and ratio of the two largest, core
subunits of pol lll, Rpc160 and Rpc128. Last year, we
reported the interaction of one of the well-studied
transcription factor of pol I, Paf1 complex, with the pol
[l transcription complex. We found Paf1 is present at
different levels on the different pol lll-transcribed
genes and its deletion results in gene-specific
increase of pol Ill transcription. A high transcription
rate of pol lll-transcribed genes in vivo causes
replication fork stalling at the genes, making them
prone to DNA damage. Paf1 deletion or exposure of
the cells to the genotoxin HU causes slow growth. We
found that Paf1 plays a protective role by reducing the
transcription activity and pol Il levels low on the
genes. The pol lll occupancy at the genes is reduced
when exposed to HU but highly increased when Paf1
is deleted. In the normally cycling cells, Paf1 is
involved in regulating the release of pol Ill from its
pause in aregulated manner.

Apart from Paf1, we found the FACT complex also to
interact with the pol Il transcription complex. The
FACT complex is required for the transcription
elongation through the nuclecosmes on pol IlI-
transcribed genes. It travels with pol Il on the genes
and as a chaperone participates in the exchange of
histone dimers H2A/H2B. Our genome-wide ChlP-
seq mapping data showed that the FACT subunit
Spt16 and pol Il show non-overlapping occupancy
profiles on the tRNA genes. Apart from a high level at
the 3'and low level at the 5' gene ends, Spt16 shows
co-occupancy with pol Il at the tRNA gene bodies
(Figure). We had earlier reported that replication-
independent histone H3/H4 exchange on the pol llI-
transcribed genes is carried out by another histone
chaperone Asf1. In this context, comparison of the
occupancy profiles of the two histone exchange
chaperones with pol Il occupancy revealed that all
three of them co-localize on the tRNA gene bodies.
The transcription-associated histone exchange is
also reported to eventually deplete the nucleosomes
from the gene bodies, which may be one of the
reasons that tRNA gene bodies are nucleosome-free
in vivo. We had earlier found a positive influence of
FACT on the transcription of a tRNA gene, where it
could serve as chaperone of one of the histone H2A
variants, H2A.Z. On the non-tRNA comparatively
longer gene bodies, Spt16 mutation results in higher
nucleosome occupancy and significant loss in
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Fig. 1: Average occupancy profiles of the hisone chaperones FACT (Spt16) and Asf1 are compared on the tRNA genes. TSS represents the
Transcription Start Site. Gene position is marked on the x-axis by a blue box. Occupancies between 500 bp upstream and downstream of the TSS

are shown. Data were obtained by performing the genome-wide ChIP-seq mapping experiments.

transcription. This is similar to the reported Spt16
activity on the pol lI-transcribed genes.

Last year, we had reported high levels of Spt16
at the 3'-end of the tRNA genes, where Spt16
maintains the H2A.Z levels. We found that the DS
enrichment of Spt16 is associated with traversing of
the genes by pol lll. Spt16 travels with pol IIl during
transcription and pol 1l delivers Spt16 to the DS
nucleosome at the gene terminator with the end of
each transcription cycle. However, both H2A.Z and
Spt16 were not required for tDNA transcription

by pol Ill. Instead, Spt16 traveling with pol Il could
serve to link H2A.Z levels with the DS nucleosome
dynamics, which plays a regulatory role in differential
transcription of isogenes. Therefore, by associating
with pol lll, Spt16 has a direct approach to sense the
transcription status at the pol llI-transcribed genes. In
order to gain further insight in the H2A.Z-mediated
stress-sensing mechanisms at the tRNA genes, we
have performed several genome-wide mapping
experiments. The acquired data is currently under
analysis.
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Venkat Chalamcharla

Transcription and Chromatin Regulation

From Left to Right: Harsh Joshi, Venkat Chalamcharla, Anubhav Bhardwaj, Annapoorna

RESEARCH INTERESTS: Selected recent publications
+  Transcriptional Regulation 1. Folco HD, et al. (2017). Untimely expression of gametogenic
genes in vegetative cells causes uniparental disomy”. Nature

+  Chromatin Biology and Epigenetics
+ mRNA Quality Control

543:126-130.

2. Sugiyama T, et al. (2016). Enhancer of rudimentary
cooperates with Mmi1 and conserved RNA processing
factors to promote meiotic mMRNA decay and facultative
heterochromatin assembly. Mol. Cell 61:747-759.

3. Chalamcharla VR, et al. (2015). A conserved factor
Dhp1/Rat1/Xrn2 triggers premature transcription termination
and nucleates heterochromatin to promote gene silencing.
PNAS 112: 15548-15555.

4. Lee NN, et al. (2013). Mtr4-like protein coordinates nuclear

“Our group aims to understand how transcriptional RNA processing for heterochromatin assembly and for
elongation by RNAPII is controlled for genome telomere maintenance. Cel/155:1061-1074.
maintenance and regu/ation’ us,'ng the fission 5. Chalamcharla VR, et al. (2010). Nuclear expression of a
. Il intron is consistent with spliceosomal intron
hiz harom m model group
yeast Schizosaccharomyces pombelas al mode ancestry. Genes Dev. 24: 827-836.
system.”
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A major focus of our lab is to understand how gene
expression is regulated at the RNA level to maintain
cellular homeostasis and survival under different
environmental conditions. Until recently, the
prevailing view in the field was that RNA production
and thereby gene expression is primarily regulated at
two main steps: recruitment of RNA Polymerase Il to
gene promoters and transcription initiation. However,
transcriptionally-engaged Pol 1l frequently pauses
during elongation, and clearly creates opportunities
for regulation of nascent RNA abundance and
processing, mMRNA surveillance, and chromatin
organization. It is now widely accepted that the
elongation phase of transcription by Pol Il is a major
mode of eukaryotic gene regulation.

RNA polymerase pausing occurs throughout
transcription elongation, but is predominant at gene
promoters. Promoter-proximal pausing is an
evolutionarily conserved phenomenon, which allows
rapid and precise control of gene expression. At many
metazoan gene promoters, negative elongation
factors (NELF) promote Pol |l pausing and abortive

elongation, thereby precluding gene expression.
Productive elongation may be controlled either by: (a)
signalling pause-release or (b) perturbing premature
termination of the paused Pol Il. Promoter-proximal
pausing and aberrant pause release have been
implicated in several human diseases including
cancer, cardiac hypertrophy, viral subversion,
inflammatory responses etc. Control of transcriptional
pausing at splice sites and polyadenylation signals
may also play important roles in human development
and disease.

We aim to better understand the causes and functions
of transcriptional pausing. Currently, using the fission
yeast Schizosaccharomyces pombe as a model
system, we are addressing how Pol Il pausing is
controlled (Figure 1) during adaptive stress
responses: (1) transcriptional control of cellular
quiescence, which is a ubiquitous cell-cycle stage
among eukaryotes (2) Heat shock response, which is
an ancient and highly conserved transcriptional
program. We apply both “traditional” and high-
throughput experimental methods.
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Giriraj Ratan Chandak

Genomic Research on Complex Diseases

»

P s ¢

From Left to Right: Seema Bhaskar, K. Radhamani, Vinay Donipadi, Prachand Issarapu, Ajay Deepak Verma, Meraj Ahmad, Anbhan Saadhuguru,
Ashutosh S Tomar, Lovejeet Kaur, P S K D B Punyasri, Shagufta Tasneem, Anjaneyulu Bobba, Manisha Arumalla, Dr. Giriraj Ratan Chandak,
Radhika P Ramachandran, Vislawath Jyothi, Swati Bayyana, Akshay Dedaniya, Sara Sajjadi, Mounika Challapalli, Mrs. Nidhi Chandak, Suraj N Singh

RESEARCH INTERESTS:

+  Genetic susceptibility of type 2 diabetes mellitus and related
intermediate traits

+  Gene-nutrient interaction and Developmental Origin of Health and
Diseases (DOHaD)

+  Pre- and peri-conceptional nutritional intervention to understand
causality in DOHaD

“Our group has provided evidence that genetic
basis of complex diseases and related
intermediate traits in Indians have unique features.
They have also identified that vitamin B,, status
epigenetically regulates genes involved in key
pathways implicated in type 2 diabetes and related
intermediate traits including obesity as well as a
unique microRNA that influences one-carbon
metabolism. Using this information, further
molecular studies on pre- and peri-conceptional
nutritional intervention cohorts have been initiated
that will provide opportunities for alleviation of
future risk of these diseases”.
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Selected recent publications

Yadav DK, Shrestha S, Dadhwal G, Chandak GR (2018).
Identification and Characterization of cis-Regulatory
Elements “Insulator and Repressor” in PPARD Gene".
Epigenomics 10:613-627.

FlannickdJ, et al. (2018). Erratum: Sequence data and
association statistics from 12,940 type 2 diabetes cases and
controls. Sci. Data5:180002.

Flannick J, et al. (2017). Sequence data and association
statistics from 12,940 type 2 diabetes cases and controls.
Sci. Data4:170179.

Yadav DK, Shrestha S, Lillycrop KA, Joglekar CV, Pan H,
Holbrook JD, Fall CH, Yajnik CS, Chandak GR (2018).
Vitamin B,, supplementation influences methylation of genes
associated with Type 2 diabetes and its intermediate traits.
Epigenomics 10: 71-90.

Chandak GR, Silver MJ, Saffari A, Lillycrop KA, Shrestha S,
Sahariah SA, Di Gravio C, Goldberg G, Tomar AS, Betts M,
Sajjadi S, Acolatse, L, James P, Issarapu P, Kumaran K,
Potdar RD, Prentice AM, Fall CHD, the EMPHASIS
study group (2017). Protocol for the EMPHASIS study;
epigenetic mechanisms linking maternal pre-conceptional
nutrition and children's health in India and Sub-Saharan
Africa. BMC Nut. 3: 81.



Our group has been investigating the role of individual
genes and dissecting gene-gene and gene-
environment, especially gene-nutrient interaction in
the etiopathogenesis of common complex diseases
such as chronic pancreatitis, type 2 diabetes mellitus
and metabolic syndrome. The foundation to these
studies is based on the observation that the
phenotype and the clinical course of many complex
diseases in Indians is different as compared to
Europeans. We have also provided evidence for
fetal programming of birth weight and future
cardio-metabolic risk as a result of intrauterine
exposure, especially to maternal vitamin B,,.
Consolidating further on the earlier results and
as a proof of the gene-nutrient interaction, we have
earlier demonstrated that B,, status influences
epigenetic modification and thus regulation of key
type 2 diabetes susceptibility genes like TCF7L2,
FTO and PPARD. We have now started studies on
pre- and peri-conceptional nutritional intervention in
human subjects to translate the earlier observations
into action plan. Further, in order to understand the
tissue-specific regulation and effect of intervention,
we have generated animal models of micronutrient
deficiency and replicated the human situations.

Birth weight associated genetic variants
influence future cardio-metabolic risk

Through ours and other earlier studies, it is well
established that anthropometric measures at birth
such as birth weight and birth length, are important
markers of fetal developmental programming. These
birth measures reflect an adaptation of developing
fetus to the intrauterine environment and maternal
nutritional status and have a long-term correlation
with future risk of cardiometabolic diseases. Multiple

factors including maternal size, nutritional exposures
and genetic components etc., influence the fetal
development thereby the birth measures. India
suffers from the dual burden on high prevalence of
low birth weight babies and of type 2 diabetes, yet,
there is no such GWAS reported till date. We
conducted a GWAS of various birth measures in
Indians (N=1478) using three well established birth
cohorts- the Pune Maternal Nutrition Study (PMNS),
the Parthenon Study (PS) and the Mumbai Maternal
Nutrition Project (MMNP). We did not find any genetic
variants associated with birth measures at GWAS
significant levels (P<5.0x10°®) which may be due to a
small sample size that is underpowered to detect the
genetic signals at GWAS significance, compared to
the multi-ancestry genome-wide meta-analysis of
birth weight by Early Growth Genetics (EGG)
consortium (N=1,53,781) that identified 60 genetic
loci to be associated with birth weight. Out of the 60
variants from EGG consortium study, 55 were present
in our study and 36 of them showed same direction of
association with the EGG data. Thirty-one variants
had significant difference in risk allele frequency
(>5%) between the EGG data and present study, and
these differences were substantiated by the allele
frequency differences between European and South
Asian data from 1000 Genome phase 3 (Figure 1).
The combined effect of these 55 variants on birth
weight in Indians showed significant association
(effect=0.022 SD unit, P=3.3x10") and also with
other birth measures including ponderal index,
head, chest and abdomen circumferences, and
skin fold thickness (P<0.05) (Figure 2). On genetic
tracking analysis of these birth weight associated
variants, we observed an overall positive
trend of association with growth parameters
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at early childhood. Interestingly, we also identified
a significant inverse genetic association with
systolic blood pressure suggesting that the
genetic effect of birth weight on cardio-metabolic
traits gets initiated in early childhood (Figure 2).
However, the genetic effect of birth weight
associated variants was diminished at early
adolescence probably due to the change in
growth and hormonal regulation. On further
tracking to the adults, the inverse genetic association
with cardio-metabolic traits was found to remain
consistent. Our observations make an important
conclusion that the genetic effect of birth weight on
cardio-metabolic traits starts in early childhood and
remains consistent in adults and has public health
implications.

Diet induced maternal vitamin B,, deficiency
shows sex specific pattern of programming
in Wistarrat offspring

Maternal B,, deficiency plays a vital role in fetal
programming and thus towards the risk of
developing complex disorders at later stages of life.

Approximately 30-70% of Indian populations are
deficient in B,, but replete in folate, due to vegetarian
practices for many generations and due to national
folic acid supplementation programmes, respectively.
Previously, in a longitudinal cohort, we showed that
imbalance in maternal folate and B,, during
conception is associated with higher Insulin
resistance in their kids at 6 years of age. Further, B,,
supplementation to these kids affects methylation of
the type 2 diabetes associated genes. Parallelly,
using Wistar rat model experiments, we have
demonstrated that B,, deficiency in mothers could
significantly affect their pup's metabolic health
through dysregulation of various pathways including
PPAR signaling. However, the study focused only on
male pups that had severe B,, deficiency (~70%).
As a mimic of the Indian population's B,, status, we
generated maternal Wistar rat model with moderate
B,, deficiency (27%), assessed its intergenerational
effects (up to F2) on pups of both genders and also
investigated reversal of these effects by maternal-
peri/post-natal B,, rehabilitation at conception (RC) or
parturition (RP) or their offspring at weaning (RW)
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Fig. 3: Generation of maternal vitamin B,, deficiency Wistar rat model. (A) Protocol; (B) Plasma vitamin B,, levels and (C) Plasma Homocysteine
levels in F1 pups (both males and females) at 3 and 12 months in various groups {Control, Vitamin Restricted (VR), Rehabilitation at Conception
(RC), Rehabilitation at Parturition (RP), Rehabilitation at Weaning (RW) groups} [All data represented as Mean+SEM; *, p<0.05 as compared to
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Fig. 4: Effect of maternal B12 deficiency of offspring’s’ status. (A) Plasma triglycerides, (B) Plasma HDL and (C) Fat percentage in F1-male pups
at 3 and 12 months in various groups {Control, Vitamin Restricted (VR), Rehabilitation at Conception (RC), Rehabilitation at Parturition (RP),
Rehabilitation at Weaning (RW) groups} [All data represented as Mean+SEM; *, p <0.05 as compared to the control group; $, p<0.05 as

compared to the VR group]

(Figure 3A). Pups born to B,, deficient mothers and
continued on deficient diets had significantly lower B,,
levels and higher homocysteine levels, which
normalized on rehabilitation at conception/parturition
(RC/RP) or pups at weaning (RW) (Figures 3B & C).
Further, despite feeding the same restricted diet to
both males and females (exposed to deficiency in-
utero and later in life), only males showed metabolic
syndrome like phenotype i.e. high triglycerides and
low HDL levels and higher fat percentage (Figure 4).
These adversities reversed on rehabilitation at
various time points. Interestingly, offspring in F2 did
not show any significant perturbations with respect to
lipids and body composition. These novel findings are
suggestive of gender specific programming effects of
maternal B,, deficiency, and provide clues towards
the sexual dimorphic burden of cardiovascular
events. Comprehensive OMIC studies are currently
ongoing to understand the molecular mechanism of
fetal programming and gender-specific effects.

Managing the genetic burden of Sickle Cell
Anemia and understanding the genetic basis
of differential response to hydroxy urea
therapy (Mission Mode Project of CSIR)

Sickle Cell Anemia (SCA), an autosomal recessive,
blood related disorder has high prevalence in India
especially among several states including
Chhattisgarh and Maharashtra. Every year ~50,000
children are born with SCA worldwide with India
accounting for nearly 50% of the cases. Patients have
a reduced lifespan and close to half the children die
before the age of 5. The disease management is
usually symptomatic and hydroxy urea (HU) is the
major therapeutic agent given for treatment. However,

the clinical severity of SCA varies greatly and the
response to HU therapy also varies considerably
among the patients. Thus, early detection, treatment
as well as preventive measures are important in
managing the disease burden of SCA.

In association with Government Medical Colleges at
Chhattisgarh, we have undertaken a multi-pronged
programme of identifying SCA families through
screening of school going children. Once identified,
the families are offered genetic testing, prenatal
diagnosis and genetic counselling to prevent birth of
affected children; offer clinical counselling and
treatment; offer social counselling to reduce the
genetic burden of the disease. Data from screening of
lakhs of children reveal a carrier frequency of 10%
and a 0.4% prevalence of patients. Close to 1500
families are being subjected to detailed family
charting and various counselling strategies based on
their status. We have further confirmed the presence
of Xmnl polymorphism (rs7482144 at HBG2
promoter) that is indicative of the Arab-Indian
Haplotype in this population. Similar efforts have also
been initiated at dedicated Sickle Cell Clinic in the
Government Medical College in Maharashtra. We
have also identified several patients who have
differential response to HU therapy and performed
pilot whole genome sequencing (WGS @ 30X
coverage) on few trios to generate the baseline
genome for further comparison. This will be followed
by WGS of several hundred SCA patients for deeper
genetic insights to explore the huge variation in
clinical severity of patients and the differential
response to HU therapy.
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Amitabha Chattopadhyay
Membrane and Receptor Biology

From Left to Right: Md. Jafurulla, Sandeep Shrivastava, G. Aditya Kumar,
Bhagyashree D. Rao, Amitabha Chattopadhyay, Sreetama Pal, Parijat Sarkar,
Sarosh N. Fatakia, Shroddha Bose, Sukanya Bhowmick,

Nikita P Chutake, K. Venkatlaxmi

RESEARCH INTERESTS:

+ Interaction of membrane lipids and cytoskeletal proteins with G
protein-coupled receptors

+ Membrane cholesterol in membrane protein structure and function

+  Role of cell membranes in the entry of pathogens
+  Dynamics of solvent relaxation in membranes and proteins

+  Novel applications of membrane dipole potential in membrane
biology

“The overall research interest of our group is
centered on membrane and receptor biology using
a variety of biophysical, biochemical and cell
biological approaches. Fluorescence-based
spectroscopic and microscopic approaches are
extensively used for this purpose. A major area of
research is the interaction of G protein-coupled
receptors (GPCRs) with membrane lipids and its
implications in health and disease. An interesting
application of this work is the role of membrane
lipids and cytoskeleton in the entry of intracellular
pathogens.”
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Organization and Dynamics of Membranes
and Proteins utilizing the Wavelength-
Selective Fluorescence Approach

Our group pioneered the application of wavelength-
selective fluorescence as a novel approach to monitor
organization and dynamics of probes and proteins in
membranes and membrane-mimetics such as
micelles and reverse micelles. Wavelength-selective
fluorescence relies on the slow rates of solvent
relaxation around an excited state fluorophore, which
is a function of the motional restriction imposed on the
solvent molecules in the immediate vicinity of the
fluorophore. Utilizing this approach, it becomes
possible to probe the mobility parameters of the
environment itself (which is represented by the
relaxing solvent molecules) using the fluorophore
merely as the reporter group. Further, since the
ubiquitous solvent for biological systems is water, the
information obtained in such cases will come from the
otherwise ‘optically silent’” water molecules. This
makes the use of wavelength-selective fluorescence
approach significant in biology since hydration plays a
crucial modulatory role in a large number of vital
cellular events. Important applications of this
approach include monitoring the environment of the
functionally relevant tryptophans in the prototypical
ion channel gramicidin and in the lytic peptide melittin
from bee venom. Interesting applications include
monitoring defined depths in the membrane utilizing
depth-dependent solvent relaxation as a dipstick and
lipid-protein interactions in membranes.

In addition, our group applied the wavelength-
selective fluorescence approach to monitor
organization and dynamics of functionally important
tryptophan residues in tubulin, erythroid spectrin and
a-lactalbumin. In a recent work, the wavelength-
selective fluorescence characteristics of the
green fluorescent protein (GFP) was monitored.
Results show that the slow dipolar relaxation of
GFP is due to the rigid protein matrix of GFP
around its fluorophore, independent of the viscosity of
the surrounding medium. In a recent work, the
rotational dynamics of Golgi membranes was
measured using the principle of wavelength-selective
fluorescence.

Interaction of Membrane Cholesterol with the
Serotonin,, Receptor

Membrane proteins mediate a wide range of
essential cellular processes such as signaling
across the membrane, cell-cell recognition, and
membrane transport. About 30% of all open reading

frames (ORFs) are predicted to encode membrane
proteins and almost 50% of all proteins encoded by
eukaryotic genomes are membrane proteins.
Importantly, membrane proteins represent prime
candidates for the generation of novel drugs in all
clinical areas. Since a significant portion of integral
membrane proteins remains in contact with the
membrane, the structure and function of membrane
proteins depend on their interactions with the
surrounding lipids. The serotonin1A receptor, an
important neurotransmitter receptor, is a member of a
superfamily of seven transmembrane domain
receptors that couple to GTP-binding regulatory
proteins (G-proteins). Although G-protein-coupled
receptors (GPCRs) represent ~50% of current drug
targets, only a small fraction of all GPCRs are
presently targeted by drugs. Serotonergic signaling
plays a key role in the generation and modulation of
various cognitive, behavioral and developmental
functions. Disruptions in serotonergic systems have
been implicated in the etiology of mental disorders
such as schizophrenia, migraine, infantile autism,
eating disorders, and obsessive compulsive disorder.
Although none of the serotonin receptors have been
purified to homogeneity from native sources yet,
our group has been able to partially purify and
solubilize functional serotonin,, receptors.

Seminal work from our laboratory has compre-
hensively demonstrated the requirement of
membrane cholesterol in the function of the
serotonin,, receptor. In addition, a cellular model for
the Smith-Lemli-Opitz Syndrome (SLOS, a disease
associated with defective cholesterol biosynthesis),
was generated to further address this issue. SLOS is
an autosomal recessive disorder characterized
clinically by mental retardation, physical deformities,
failure to thrive and multiple congenital anomalies.
Ligand binding activity, G-protein coupling and
downstream signaling of serotonin,, receptors are
found to be impaired in the cellular model of SLOS.
These results could be potentially useful in
understanding the molecular basis that underlie the
pathophysiology of SLOS and could provide novel
insight in formulating future treatment for the disease.
In addition, it was shown that 7-dehydrocholesterol
(7-DHC), the immediate biosynthetic precursor of
cholesterol, could not support the function of the
serotonin,, receptor. These results comprehensively
demonstrate the specific requirement of membrane
cholesterol for the function of serotonin,, receptor,
although global membrane effects cannot be
completely ruled out. In an interesting and developing
aspect of this work, Our group has addressed the
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issue of stringency criterion of the molecular structure
of cholesterol in supporting the function of the
serotonin,, receptor. A prominent site among these is
the cholesterol recognition/interaction amino acid
consensus (CRAC) motif, recently identified by his
group in GPCRs. Recent work from the group has
shown that cholesterol binding sites in GPCRs are
highly dynamic, and have a microsecond time scale of
exchange with bulk membrane lipids. In addition,
GPCR dimers exhibit cholesterol-dependent
conformational plasticity. These results have potential
implications for the design of therapeutic strategies
for tissue-specific and age-dependent interventions.

Exploring the Microstructure and Dynamics of
Water at the Membrane Interface by TeraHertz
(THz) Spectroscopy

Work from a number of laboratories has established
the emerging role of hydration as an essential
regulatory mechanism for a variety of biomolecular
interactions. Previous work from our group has
demonstrated the crucial role of membrane
interfacial water molecules in the organization and
dynamics of several membrane interacting proteins
and peptides. However, insights into the effect of
membrane lipids on the structure and dynamics of
membrane interfacial water and its functional
relevance in complex biological processes is only
beginning to be addressed. In this context, our group
(in collaboration with Dr. Rajib Kumar Mitra’s group
at SN Bose National Centre for Basic Sciences,
Kolkata) has explored the microstructure and
collective dynamics of the extended hydration
sheath of water at the interface of membrane
bilayers of varying lipid composition (and interfacial
charge) using THz spectroscopy. Terahertz (THz)
spectroscopy (1 THz = 1012 Hz = 1 ps-1) is a
powerful, label-free approach to explore membrane
hydration dynamics, especially well-suited for

biological systems due to its unprecedented
sensitivity and non-ionizing properties. We observed
a novel “rise and dip” trend in the collective dynamics
of water at the membrane interface with increasing
lipid concentration. The critical lipid concentration
corresponding to this inflection point depends on the
charge of the phospholipid head group, thereby
implicating membrane electrostatics as a major
governing factor in the dynamics of water at the
membrane interface. These results constitute one of
the first experimental evidence on the modulation of
membrane interfacial water dynamics by membrane
lipid composition in a concentration-dependent
manner. These observations gain importance in the
context of emerging evidence on the crucial role of
water dynamics in various membrane associated
phenomena, such as the function of ion channels and
the activation of membrane receptors. Lipid-stringent
membrane hydration could be relevant in the broader
context of the lipid diversity observed in biological
membranes and the regulatory role of negatively
charged lipids in membrane protein structure and
function.

Exploring Oligomeric State of the Serotonin,,
Receptor utilizing Photo bleaching Image
Correlation Spectroscopy: Implications for
Receptor Function

The oligomerization of G protein-coupled receptors
(GPCRs) represents an important process in GPCR
function and drug discovery. GPCR oligomerization is
believed to increase the cross-talk between receptors
and their downstream signaling, which results in
efficient and controlled signal transduction. Previous
work from the group has shown that membrane
cholesterol and sphingolipids play an important role in
the function and oligomerization of the serotonin,,
receptor, a representative GPCR and an important
drug target. In a recent work, our group (in
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collaboration with Dr. Andrew Clayton from
Swinburne University of Technology, Australia) has
explored cholesterol-dependent oligomerization
state of the serotonin,, receptor utilizing photo
bleaching image correlation spectroscopy (pbICS).
The results show that serotonin,, receptors exhibit a
heterogeneous distribution of monomers, dimers and
trimers in control cells. Upon depletion of membrane
cholesterol, the distribution is changed such that the
population of receptor dimers is increased, which was
reversible upon cholesterol replenishment.
Importantly, correlation of ligand binding activity with
oligomeric state of the receptor implied the dimeric
receptor to be most active in terms of ligand binding.
Since cellular cholesterol is developmentally
regulated and increases with aging, oligomeric
states of GPCRs could be age-dependent. The
functional correlates of oligomeric states of GPCRs
could therefore provide better understanding of
GPCR function in health and disease, and help
design better therapeutic strategies.

Macrophage Sphingolipids are Essential for
the Entry of Mycobacteria

Mycobacteria are intracellular pathogens that can
invade and survive within host macrophages.

Mycobacterial infections remain a major cause of
mortality and morbidity worldwide, with serious
concerns of emergence of multi and extensively drug-
resistant tuberculosis. While significant advances
have been made in identifying mycobacterial
virulence determinants, the detailed molecular
mechanism of internalization of mycobacteria into
host cells remains poorly understood. Previous work
from our group has demonstrated the role of
membrane cholesterol of macrophages in the entry of
the mycobacteria into host cells. In a recent work (in
collaboration with Dr. Raghunand Tirumalai’s group),
our group showed that the macrophage membrane
sphingolipids are essential for the entry of
Mycobacterium smegmatis into host cells.
Importantly, the entry of Escherichia coli into host
macrophages under similar conditions was found to
be invariant, implying the specificity of the
requirement of sphingolipids in mycobacterial entry.
These results assume relevance in the context of
developing novel therapeutic strategies targeting
host membrane lipids which could counter the
emerging challenge of drug resistance in the
treatment of mycobacterial infection.

Metabolic depletion of
sphingolipids (f)

."’ -
/ 7’ |/
- <"/

Reduction in
mycobacterial entry

CCMB Annual Report 2017-2018 | 025



Mandar V Deshmukh

Post-transcriptional Gene Silencing Mediated by RNA-Binding Proteins

P
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From Left to Right: K Joy (inset), Mandar VV Deshmukh, Ramdas Aute, Upasana Rai, Sneha Paturi, Jaydeep Paul

RESEARCH INTERESTS:
«  Structural biology of RNA binding proteins
« NMR methods and applications

“How do RNA-binding proteins affect post-
transcriptional gene regulation? QOur group is
interested in understanding the role of requlatory
proteins, which bind to variety of RNA molecules
and effect post-transcriptional gene regulation. We
utilize solution NMR spectroscopy as a major tool
together with complimentary techniques in
molecular biology, biochemistry and biophysics.”
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Our lab is interested in studying the mechanism of
non-coding RNA mediated gene regulation process
across organisms. Non-coding regulatory RNA have
emerged as a set of key molecules that are involved in
gene regulation in a variety of cellular processes
ranging from development to cancer. In principle, the
non-coding regulatory RNA modulate levels of
cognate mRNA and thereby attenuating expression of
the corresponding expressed genes. While the
outcome of non-coding RNA mediated gene silencing
is nearly identical, the functional mechanism of non-
coding RNA pathway has differently evolved in each
organism. In prokaryotes, the non-coding RNAs
shield the Shine-Dalgarno sequence responsible for
the binding of ribosome, whereas, in eukaryotes they
interact with 3' untranslated region of mMRNA which
leads to translation inhibition or transcript cleavage.

To understand the mechanism of these processes,
our lab has previously determined the solution
structure of Crc (P. syringe Lz4W) and studied its RNA
binding property to elucidate its role in binding to
specific sets of regulatory RNA, CrcY and CrcZ. Our
studies revealed that Crc has divergently evolved
from AP Endonucleases by losing its DNA binding
activity and gained a completely new RNA interaction
face. It further implied that the novel RNA binding face
evolved in Crc is dynamic in nature and is tuned to
bind both regulatory RNA as well as cognate mRNA
so thatitcan regulate gene expression.

The landscape of non-coding RNA mediated gene
regulation is much more diverse in higher eukaryotes
where gene-specific precursor dsRNA elicits a
response effecting post-transcriptional gene
regulation, a process termed as RNA interference
(RNAI). Depending on the nature and origin of trigger
dsRNA the pathway is further classified as miRNA,
siRNA or piRNA. RNA interference is induced as the
immune response to foreign genetic material such as
viral RNA as well as, in plants, to prevent the self-
propagation of transposons. The RNAi pathway is
initiated by the recognition of the precursor
dsRNA by Dicer and its parther dsRNA binding
protein, the dsRBP.

As mentioned in the previous annual reports, the
Watson-Crick base pairing in dsRNA predominantly
assumes form-A of double helical nucleic acid
structure. The arrangement imposes restrictions in
the groove structures making minor groove shallower
and major groove deeper and narrower, a feature that

is recognized by a highly conserved dsRNA binding
domains (dsRBD). A canonical dsRBD is comprised
of apPPo structure where two o helices organize to
form ana102 interface that packs against antiparallel
B sheet formed by B18233. dsRBDs recognize dsRNA
through the helical face with three steric contacts in
which residues Q/H and E in a1 contact minor groove,
KKxxK belonging to the N-terminus of 0.2 bind to the

major groove, and the H of the B1B2 loop contacts
subsequent minor grove of dsRNA. Ability to
recognize exclusive structural features on dsRNA in
an RNA sequence independent manner makes
dsRBDs as the domain of choice by several important
regulatory enzymes. Interestingly, Dicer's activity in
processing precursor dsRNA in small interfering RNA
is driven by its auxiliary proteins, dsRBPs (dsRNA
Binding Domain Containing Proteins). For example,
in Drosophila, Loquacious associates with Dcr-1 for
miRNA-mediated silencing, and R2D2 forms a stable
complex with Dcr-2 to initiate siRNA-mediated
silencing. Four Dicer-like proteins of A. thaliana
interact with five dsRBPs (HYL1, DRB2 to DRB5).
Human Dicer requires dsRBPs such as TRBP and
PACT for miRNA mediated gene silencing. In C.
elegans, the dsRBP, RDE-4 promotes Dicer-1 during
the initiation of RNAi. One of the key features of
dsRBPs is the presence of two or three dsRNA
binding domains that bear significant sequence
homology across various organisms and are
connected by alinker heterogenous in length. Despite
similarities, dsRBPs are seen to exhibit a wide
spectrum of affinities with dsRNA. In a few cases, loss
of dsRNA affinity endows them to involve in other
functions such as protein:protein interaction. Several
dsRBPs either co-elute with the corresponding Dicer
or constitute a homodimer for efficient recognition of
the substrate. In case of TRBP, the C-terminal region
folds into a canonical dsRBD and is essential to bind
Helicase domain of Dicer to activate miRNA
response. However, other homologues do not
possess any sequence similarity with TRBP in the C-
terminal region, which implies that other dsRBPs
interact with respective Dicers differently. Importantly,
several prominent changes in the key features in
dsRBPs, such as modification to the dsRBD fold, loss
of functionality of dsRBD, differences in the C-
terminal regions, and dimerization of dsRBPs can be
further noticed.
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Over the last ten years, we have solved the solution
structure of RDE-4, which initiates RNAi in C.
elegans, as well as DRB4 which regulates efficient
tasi/si RNA dependent viral defense response in A.
thaliana. For RDE-4, we showed that both dsRBDs
possess additional structural elements that are
responsible for the dsRNA binding ability and part of
the linker and dsRBD2 alone are necessary and
sufficient for RDE-4's ability to initiate RNAIi by the
association with Dcr-1 and dsRNA. In case of DRB4,
we showed that the key structural and dynamic
features in dsRBD1 as well as the unique nature of the
linker are important for the successful outcome of the
tasi/siRNA pathway in plants. The microRNA pathway
in Arabidopsis is involved in regulating many more
genes than other eukaryotes, as mutations in RNAI
genes caused phenotypic characters. Moreover, the
majority of genes regulated by miRNAs in plants are
transcription factors. The miRNA pathway is carried
out by DCL1:DRB1 which is primarily involved in
miRNA mediated mRNA cleavage and under stress,
DRB2 supersedes DRB1 to bind with DCL1 and
affects miRNA driven translation inhibition. DRB2 has
been also shown to negatively regulate levels of
DRB1 mRNA so that the miRNA driven translation
inhibition pathway is selected unhindered. The ability

of plants to choose between cleavage and translation
inhibition is remarkable and is in quite contrast with
animals where differences and mismatches in pre-
miRNA regulate between the cleavage or translation
inhibition of cognate mRNA.

DRB2 is a ~47 kDa protein (434 amino acids) and
based on primary sequence comparison with
previously studied dsRBDs three regions were
predicted for DRB2, which include two N-terminal
dsRNAbinding domains (1-70 and 87-155) separated
by an 18 residue long linker (71-86) and a long C-
terminal region (156-434) with no structural
homology. DRB2 WT has interspersed six PxxP
motifs that perhaps mediate protein:protein or
protein-membrane interactions. Based on residue
comparison and secondary structure prediction three
truncated constructs of DRB2 were designed viz.,
DRB2D1 (1-72), a C-terminal extended DRB2D2
(84-172) as shorter construct was not stable and
DRB2D1D2 (1-172).A sequence comparison of
DRB2 dsRBDs with known dsRBDs such as DRB1
and DRB4 from A. thaliana and TRPB from H. sapiens
show high sequence homology with up to 70%
consensus (Figure 1A). Residues for RNA binding
and stabilizing the hydrophobic core are well
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Fig. 1: Structural studies of DRB2. (A) Multiple sequence alignment of DRB2 domains with other known dsRBDs like DRB1 and DRB4 from A.
thaliana and TRBP from H. sapiens. Invariant amino acids are coded in red and residues with >70% conservation are colored in yellow, (B) 'H-
"N-HSQC spectra of DRB2D1, (C) 'H-"N-HSQC spectra of DRB2D2, (D) 'H-"N-HSQC spectra of DRB2D1D2, (E) Ensemble of ten lowest
energy conforms of DRB2D1, (F) An overlay of DRB2D1 (blue) with its nearest homologue DRB4D1 (cyan) (PDB ID:2N3G), (G) Electrostatic
potential surface representation of DRB2D1. Positive, negative and neutral charges are represented in blue, red and white, respectively.
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conserved. Pair wise alignment of amino acids
between DRB2D1 and DRB2D2 (EMBOSS-Needle)
resulted in 41% identity and 50% similarity. A well-
dispersed spectral pattern in the amide proton
and nitrogen chemical shifts obtained in
'H-"N-HSQC spectrum suggests that DRB2D1
is well folded, whereas DRB2D2 and DRB2D2 in
DRB2D1D2 exhibited significant resonance
broadening (Figure 1B, 1C, 1D). The non-canonical
spectral behavior of DRB2D2 might stem from
absence of specific tertiary conformation causing
conformational heterogeneity or formation
of higher-order oligomers. The resonance
broadening in DRB2D2 is attributed to its molten
globule state estimated from a variety of
experimental parameters derived from analytical
size exclusion chromatography, CD spectroscopy,
analytical ultra-centrifugation and more importantly,
N relaxation studies by NMR. The results obtained
from these studies imply that DRB2D2 is monomer in
solution and contain adequate secondary structural
elements but lacks a stable tertiary structure.

The solution structure for DRB2D1 determined using
conventional NMR restraints displays a canonical
dsRBD fold comprising o—B-p—p-o fold with
average backbone R. M. S. D. of 0.33 A (Figure 1E).
The surface electrostatic potential plot for DRB2D1
shows an arrangement of a1 ando2 along with H29

inB1-P2 loop to form a contiguous positively charged
patch that facilitates RNA binding. An overlay of
lowest energy conformers of DRB2D1 with its
homologous proteins like, dsRBD1 of TRBP, DRB1,
DRB4 etc., appears very similar with an average
R. M. S. D. ~2 A. However, structurally DRB2D1 is
closer to DRB4D1 with backbone R. M. S. D.of 0.95 A
(Figure 1F). The surface electrostatic potential
plot for DRB2D1 shows an arrangement ofo1

ando2along with H29 inB1-B2 loop to form a
contiguous positively charged patch that
facilitates RNA binding (Figure 1G). We further
probed if DRB2 dsRBD scan discriminate
between miRNA and siRNA precursors. To this end,
interaction of DRB2 with 80 bp dsRNA and
miR169a, which was previously shown to down-
regulate in drb2 mutant plants, was probed.
Notably, in EMSA and ITC based binding as says
DRB2D1 showed a distinct binding with 80 bp
dsRNA and no binding with pre-miR169a_64
whereas, DRB2D2 and DRB2D1D2 displayed
binding with both RNA precursors. Selective binding
of DRB2D1 with siRNA precursor proposes its
plausible role in discrimination and selection of
particular dsRNA substrate in crowded nuclear pool.

The lab is currently involved in further deciphering
roles of DRB2, DRB3, DRB5 and DRB7 in plant's non-
coding RNAregulatory pathway.
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Jyotsna Dhawan
Molecular Programs of Quiescence in Adult Stem Cells and Regeneration
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RESEARCH INTERESTS:

Control of cellular quiescence and its relationship to stem cell
function

Adult stem cells and skeletal muscle regeneration

Epigenetic, transcriptional and post-transcriptional mechanisms in
quiescence

Secreted and mechanical signals in control of cell fate

Exosomes in tissue repair

“Our group is interested in the mechanisms by
which the dormant or quiescent state of adult stem
cells promotes the acquisition and maintenance of
regenerative function. We use genome-wide
strategies coupled with functional analysis to
investigate the links between two key features of
quiescence -protection from differentiation and the
potential to return to active division.”

CCMB Annual Report 2017-2018 | 030

Selected recent publications

1.

Aloysius A, DasGupta R, Dhawan J (2018).The transcription
factor Lef1 switches partners from (-catenin to Smad3
during muscle stem cell quiescence. Sci. Signal.11: 540, pii:
eaan 3000.

ZaveriL, Dhawan J (2018).Cycling to Meet Fate: Connecting
pluripotency to the cell cycle. Front. Cell Dev. Biol. 6: 57.

Rumman M, Majumder A, Harkness L, Venugopal B, Vinay
MB, Pillai MS, Kassem M, Dhawan J (2018). Induction of
quiescence (G,) in bone marrow stromal stem cells
enhances their stem cell characteristics Stem Cell Res. 30:
69-80.

Venugopal B, Mogha P, Dhawan J, Majumder A (2018). Cell
density overrides the effect of substrate stiffness on human
mesenchymal stem cells' morphology and proliferation.
Biomat. Sci. 6: 1109-1119.

Saleh A, Gunasekaran S, Raychaudhuri S, Dhawan J
(2018). Cytoplasmic sequestration of the RhoA
effector mDiaphanous1 by Prohibitin2 promotes muscle
differentiation. bioRxiv 283044; doi: https://doi.org/
10.1101/283044.




Our group is interested in the mechanisms that
regulate cellular quiescence in adult mammalian
stem cells and impact their regenerative function.
Most cells in adult tissue have ceased cell division,
but can exist in distinct arrested states. Differentiated
cells permanently withdraw from the cell cycle, but
stem cells idle in a dormant state known as
quiescence or G,. These temporarily arrested
progenitors maintain adult tissues undergoing normal
turnover, and also repair and regenerate tissue
following injury. De-regulation of quiescence
underlies pathologies at opposite ends of a spectrum-
cancer may represent a failure to enter quiescence,
while degenerative disease may represent a failure to
exit quiescence. Therefore, understanding the
acquisition and maintenance of quiescence has
broad implications for human disease.

Using myogenic cell lines, muscle stem cells
(Figure 1) and mesenchymal stem cells we have
described active controls at multiple levels of gene
regulation specific to quiescence. Our studies
indicate that quiescent cells preserve two
antagonistic programs (division vs. differentiation) in
an inactive but poised state that is rapidly altered by
cell cycle reentry.

Over the past year, we have continued our
investigations into the molecular control of adult stem
cell quiescence using cultured cell lines that model
quiescence, as well as using primary mouse and
human stem cells. As a means of deconstructing the
quiescent state we have investigated the contribution
of mechanisms at different levels. Some highlights of
these studies are given below.

Transcriptional mechanisms in G,

Earlier we reported that promoter-proximal pausing of
RNA pol Il is involved in the maintenance and exit

from the quiescent self-renewing state. By
combining RNAseq and ChIP-seq of RNA
polymerase occupancy in different cellular states,
we uncovered networks that point to quiescence-
specific priming of the transcriptional program.
Knockdown analysis of G -stalled genes shows that
stalling contributes to self-renewal (Gala et al,
bioRxiv, 2018). Over the past year we investigated
regulators of Pol Il function in the transcription cycle
using siRNA knockdown, and found that well known
regulators such as NELFb, Hexim and Brd4 do not
appear to affect stalling or the kinetics of cell cycle re-
entry from G,. Therefore, our ongoing studies are
focused on the mechanism by which Pol Il pausing is
controlled atthe G,-G, transition.

Secreted ligands such as Wht are known to be critical
for muscle cell proliferation. Our earlier studies
established that threshold levels of Wnt-B-catenin-
TCF signaling are important for the quiescence
program and appear to be associated with a very
different spectrum of genes in quiescent myoblasts
when compared to either cycling or differentiated
muscle cells (Subramaniam et al, 2013). We now
report that B-catenin is dispensable for this pathway
and instead cross talk between Wnt and TGF B is
required in G, (Aloysius et al, Science Signaling,
2018). Our studies over the past year have revealed
that this signaling nexus occurs at the level of
transcription factor interactions: the Whnt effector
transcription factor Lef1, interacts with [-catenin
in proliferating cells but switches partners from
to the TGFB effector transcription factor Smad3,
specifically in G,. These molecular interactions could
be demonstrated in cultured myoblasts and validated
by drug disruption experiments in primary muscle
stem cells. This study identifies a critical interaction

Fig. 1: Muscle stem cells (MuSC) on single muscle fibers isolated from (a) 7 day old mouse and (b) adult mouse.

\
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for maintaining muscle stem cells in a self-renewing
quiescent state, and has implications for muscle
disease.

Quiescence program in human MSC

Mechanical signals from the substratum have a
profound impact on cytoskeletal and nuclear
architecture and consequently on cell fate. Earlier
we had reported the generation of culture systems
that permit human mesenchymal stem cells to be
toggled between quiescence and activation in vitro,
by limiting cell attachment or by culture on soft
substrates (in collaboration with Moustapha Kassem
at Odense). We have uncovered quiescence-induced
transcriptional programs associated with a clinically
relevant phenotype. These studies also found that
inducing quiescence in culture enhanced the
osteogenic function of transplanted hMSCs in vivo,
and suggest that transplantation of induced
quiescent MSC may have clinical utility for bone
repair (Rumman et al., Stem Cell Research, 2018).

Diet-induced changes in muscle stem cell
regenerative function

Many studies have shown that the rise in incidence of
metabolic syndrome is associated with excessive
consumption of saturated fat. Diet affects a variety of
tissue functions and adaptations including
regeneration. Our objective is to understand the effect
of diet-dependent metabolic transitions in transgenic
mice in which muscle stem cells (MuSCs) are marked
with GFP driven by a Pax7 promoter (generous gift of
S. Tajbakhsh, Pasteur Inst.). We observed diminished
muscle regeneration in mice fed with high fat diet
(HFD). Newly regenerated muscle fibers showed
smaller diameter in vivo, accompanied by a reduced
capacity for self-renewal and increased propensity
for differentiation in purified MuSCs in culture
(Figure 2). Previously, we had shown that quiescence
and self-renewal are regulated at the level of
chromatin regulation, and are currently exploring how
high fat diet affects molecular changes in MuSCs,
with a particular interest in their epigenetic profiles.

Control

Fig. 2: Defective regeneration in high fat diet mice. Mice were fed with control diet or high fat diet for two months, then subjected to injury with
barium chloride and allowed to regenerate for 2 weeks. Muscle sections from regenerating control (left) or high fat-fed (right), stained with laminin
to highlight the extracellular matrix (red) shows that the muscle fiber diameter in high fat diet-fed mice is lower, indicating defective regeneration.

High fat
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Understanding Species Extinction and Conservation Physiology
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RESEARCH INTERESTS:

Understanding species extinction process in human dominated
landscape

Assessment of anthropogenic disturbance to wildlife health and
reproduction

Conservation breeding and Conservation physiology

Genomics in biodiversity conservation

“Our group aims to understand factors that
influence the extinction of species in the
fragmented and human-dominated landscape, and
to assess reproductive and stress status in wild
animals.”
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Prevalence and Co-occurrence of Gastro-
intestinal Parasites in Nilgiri Langur
(Trachypithecus Johnii) of Fragmented
Landscape in Anamalai Hills, Western Ghats,
India

Increase in human population, agricultural expansion
and urbanization are the major reasons for habitat
loss and forest fragmentation in tropical countries.
Forest fragmentation is known to impact species
diversity, species composition, abundance, intra and
inter specific interactions. These changes augment
the risk of acquiring parasite infection in native
species including primates, which are more sensitive
to parasitic infection resulting in high mortality and
morbidity. Further, the group living tendencies and
social behavior of primates increase their vulnerability
to parasite infection. Nilgiri langurs, endemic and
listed in the Schedule | (Indian Wildlife Protection Act,
1972), are found in the Western Ghats between 8° to
12° N from Agasthyamalai in Kerala in the south
to Kodagu in Karnataka in the north. These folivores
are known to live in groups with infrequent social
interactions and form meta population by dispersing
between forest fragments. As a part of the research
program on host-parasite interaction in endemic and
endangered animals of rainforest fragments in the
Western Ghats, India, the present study focused on
identifying and quantifying gastrointestinal parasites
of Nilgiri langurs in forest fragments of Anamalai Hills,
Western Ghats. Additionally, plausible patterns of
association between gastrointestinal parasites were
also examined.

We collected 283 fecal samples of Nilgiri langurs from
8 forest fragments in Anamalai Hills, Western Ghats.
77.03% of these samples had at least one
gastrointestinal parasite taxa, and 60.09% of these
positive samples had multiple gastrointestinal
parasitisms. A total of 13 gastrointestinal parasite
taxa were recorded, which include 8 nematodes
(Ascaris sp., Trichuristrichiura, Strongyloides sp.,
Trichostrongylus sp., Oesophagostomum sp.,
Enterobius sp., Bunostomum sp., Gongylonema sp.);
1 each of cestode (Hymenolepisnana) and trematode
(Schistosoma sp.); and 3 protozoa (Neobalantidium
sp., Cyclospora sp., Coccidia).Of the eight forest
fragments studied; lowest number of parasite taxa
was recorded in Anaikundi, an undisturbed forest
fragment and away from human settlement, whereas
the highest number of parasites were recorded in
Andiparai forest fragment which is moderately
disturbed and has ahuman settlement on the
periphery. Sharing of water sources is known to
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increase the parasite load in primates, which is
especially true in the case of Andiparai forest
fragment where both wild animals and human/cattle
share stream water frequently. We did not find any
significant difference in the number of parasite taxa or
the percentage prevalence of these parasites in Nilgiri
langur's inhabiting forest fragments with or without a
human settlement. Further, there was no significant
correlation between the number of gastrointestinal
parasite taxa or the percentage prevalence with tree
density, basal area, canopy cover, shrub cover and
stump density. Surprisingly, the percentage
prevalence of Ascaris sp. infection was higher in
Nilgiri langur's inhabiting larger forest fragments as
compared to those inhabiting smaller fragments.

We found Trichuristrichiura to be the most dominant
parasite taxa recovered in 78.89% of all the positive
samples, followed by Strongyloides sp in 34.86%
of the samples. Both Trichuristrichiura and
Strongyloides sp. were recorded in all the 8 forest
fragments. Interestingly, 33.72% of Trichuristrichiura
positive samples had Strongyloides sp and
18.60% had Ascaris sp. infection respectively.
None of the Schistosoma sp. positive samples had
Trichuristrichiura eggs, while Trichostrongylus sp.
was absent in Strongyloides sp. positive samples,
indicating a plausible negative relationship between
these parasite pairs. NMDS analysis revealed three
close associations between parasites namely
Trichuristrichiura — Strongyloides sp.; Ascaris sp. —
Trichostrongylus sp. - Coccidia and Enterobius sp. —
Bunostomum sp.

Fig. 1: An adult Nilgiri langur in Anamalai Tiger Reserve, Valparai.




In all, 13 parasite taxa were found to infect Nilgiri
langurs with possible positive/negative interactions
amongst themselves. All the parasite taxa recorded in
this study are known pathogens of humans and non-
human primates. Although 13 parasitic taxa were
recorded in Nilgiri langur, the fragmentation of habitat
did not influence significantly on the parasitism in
langur as they are capable of forming a meta-
population. However, a detailed investigation is
required that involves more samples from known
individuals and identification of parasite taxa at
species level to understand parasitism in Nilgiri langur
in fragmented rainforest landscape.

Physiological stress responses in wild Asian
elephants Elephas maximus in a human-
dominated landscape in the Western Ghats,
southern India

Due to intense modification of these landscapes,
several species ranging from large carnivores
to ungulates, such as elephants, have either
lost or extended their ranges beyond their native
habitats to human-dominated landscapes,
leading to frequent interactions with humans,
often negative, widely referred as human-wildlife
conflict. These modifications also demand that
the affected populations either adapt to such altered

circumstances or be eliminated from that particular
habitat. Apart from the evident effects of human-
wildlife conflict such as crop or property damage and
the loss of human and animal lives, there are also
subtle indirect effects that can profoundly influence
the well-being of both humans and the affected
species. In long-lived species such as elephants with
long inter-calving periods, any change in their
physiological states, brought out by chronic stress,
could be detrimental to their survival and
reproduction.

Considering the extent of habitat fragmentation and
increasing levels of human-elephant conflictin Asia, a
more comprehensive understanding of behavioral
and physiological responses of Asian elephants to
anthropogenic stressors in modified landscapes is
critical, not only for insights into their biology but
also to develop more effective management
strategies for affected populations. In this study,
we examined the physiological responses of a
population of elephants that interact intensely and
fairly regularly with humans in the human-modified
landscape of Anamalai hills in the Western Ghats of
southern India, an important conservation area for
Asian elephants. We hypothesised that the faecal
glucocorticoid metabolite (FGM) levels in elephants
living in the anthropogenic landscape would be higher

Fig. 2: An elephant being driven out of human settlement in Anamalai Tiger Reserve, Western Ghats.

CCMB Annual Report 2017-2018 | 035



in comparison to that in individuals living in a relatively
undisturbed, contiguous forest area and also that
such a difference would be displayed by individuals in
different age-sex categories or social organisations
across the natural and modified landscapes.

We quantified faecal glucocorticoid metabolite (FGM)
concentrations from 294 longitudinally collected,
identified samples. The FGM concentrations varied
from 0.45 to 18 ng/g (mean = 3.09 ng/g, SD =2.42) in
the study individuals, comprising four herds, one all-
male group, six solitary males and a solitary female on
the human-dominated Valparai plateau and one herd
in the peripheral relatively undisturbed forests of
Vazhachal. The overall mean FGM levels of
elephants were significantly higher following intense
negative interactions with humans (in this case,
elephant drives) than were the mean baseline values
in the absence of such drives on the Valparai plateau.
The mean baseline FGM concentrations were the
highest in adults among the four age classes,
followed by that in juveniles, subadults and calves. It
is perhaps noteworthy that, on the Valparai plateau,
except the all-male group, the study elephants
appeared to exhibit a physiological adaptation to
anthropogenic habitats, particularly in the absence of
direct antagonistic interactions. The average
glucocorticoid levels in adult elephants were higher
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than those shown by the other age classes although
the magnitude of increase following drives was
relatively lower. This suggests that having spent a
greater part of their lifetime in a human-dominated
landscape, the adults may have now habituated to
various perturbations unless they faced serious forms
of reactive interactions, such as the bursting of
crackers or being chased away, brought about by
conflict with humans.

This study highlights the importance of human
interactions in inducing physiological stress
responses in a population of Asian elephants, as
revealed by their elevated faecal glucocorticoid
metabolite levels. We, therefore, suggest that for
large endangered species such as elephants, an
understanding of individual physiological responses
is critical for the development of sustainable
management and conservation strategies, a feature
virtually overlooked in elephant conservation
practices. More proactive steps, including the
avoidance of unnecessary drives, minimizing human-
induced disturbances and the facilitation of free
movement for elephants could greatly help reduce
potentially stressful situations and lead to better
management of Asian elephants in altered
landscapes, such as the Valparai plateau, across
their distribution range.
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“Our group focuses on the development and
application of molecular markers in conservation

genetics of Indian endangered species.”
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Wild animal populations that once were large and
widespread have become small and fragmented due
to habitat loss, geographical fragmentation and other
anthropogenic interferences. Small populations face
greater demographic and genetic risks. Conservation
genetics deals with genetic management of small
populations, resolution of taxonomic uncertainties
and the use of molecular genetic analysis in forensics
and understanding of species biology. We focus on
the development and application of molecular
markers in conservation genetics of endangered
species. The major efforts are towards the use of non-
invasive sampling protocols and development of
species—specific DNAmarkers to look into the genetic
structure of existing populations. We have developed
several polymorphic microsatellite and mitochondrial
markers in big cats, ungulates, primates and other
endangered Indian species.

Comparative analysis of variability in dietary
genes of Indian herbivores

The terrestrial mammalian herbivores are one of the
most diverse groups with highest genus-level
richness, encompassing more than 4000 species
occurring worldwide except Antarctica. Classically
the herbivores represent four orders: Artiodactyla,
Proboscidea, Perissodactyla and Lagomorpha that
includes Girrafidae, Cervidae, Antilocapridae,
Bovidae, Suidae, Tayassuidae, Hippopotamidae,
Camilidae, Ochotonidae, Leoridae, Equidae,
Tapiridae, Rhinocerotidae and Elephantidae. Among
these, most of them are herbivores while few are
generalist (example Suidae). There are factors that
influence feeding behaviors and the ability of animals
to adapt to diets. The most important of these are
digestibility, ability to select feed, and achievement of
a nutritionally adequate intake. On the basis of their
diet, the animal kingdom is broadly classified
into three groups which include herbivores (plant
eaters), carnivores (meat eaters) and omnivores
(both plant and animal eaters). Herbivores mainly
contain starch in their diet which is metabolized by
amylase. Characteristics of food, in turn, are one of
the primary forces that shape animal behavior,
physiology and anatomy.

The digestive system of herbivores has adapted to
absorb nutrients from plant materials. They have a
long digestive tract along with amylase in their saliva
with chewing action helps in breakdown of fibre and
carbohydrate. Mammalian herbivorous animals have
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been classified into three major classes based on
dietary selectivity, including concentrate selectors,
intermediate feeders, and bulk and roughage eaters.
Yet another system is based on the proportion of
grass in the diet as a criterion for classification,
suggesting a continuum between grazing and
browsing. UGTs (Uridine 5'— diphospho-glucuronosyl
transferase) are the genes which help animals to
metabolize these toxic compounds and convert them
into water soluble forms which can be then excreted
from the body. Similarly, Amylase gene also helps in
the digestion of cellulose which is the major
component of herbivore diet. The genetic and
molecular basis for adaptation to plant defense
compounds within herbivores remains poorly
understood. Therefore, the present study was
planned with objective to sequence selected
exons of the UGT (Uridine 5 — diphospho-
glucuronosyl transferase) and AMY (Amylase)
among various herbivore Indian species and to
assess species-specific variations by comparing
sequenced regions within herbivores namely
Barking deer (Munjtiacus munjtak), Blackbuck
(Antilope cervicapra), Cow (Bos indicus), Water
buffalo (Bubalus bubalis), Indian hare (Lepus
nigricolis), Indian porcupine (Hystrix indica), Mouse
deer (Moschiola indica), Nilgai (Boselaphus
tragocamelus), Hog deer (Axis porcinus), Wild ass
(Equus heminous), Sheep (Ovis aries), Elephant
(Elephas maximus), Spotted deer (Axis axis), Musk
deer (Moschus leucogaster), Sambar deer (Rusa
unicolor), Sangai deer (Rucervus eldii eldii),
Chousingha (Tetracerus quadricornis) and Camel
(Camelus bactrianus).The DNA obtained from all the
tissues and blood samples was subjected to PCR
amplification using primers for UGT1A6 and Amylase.

Sequences for 11 herbivore species have been
generated for partial UGT1A6 of Exon1 which codes
for substrate binding unit of the enzyme. A total of 696
bp was obtained. The nucleotide sequence within the
studied species belonging to different families
showed 129 conserved sites (C), 79 variant sites (V),
48 informative sites (Pi) and 23 singleton sites (S).
Upon translation for in silico prediction of variants
among herbivores, a total of 102 residue amino acid
sequences were obtained. Amino sequences of
UGT1AG6 generated in this study were compared with
the complete UGT1A6 gene of Human which was
retrieved from NCBI (NP_001063.2). Out of 80
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variants obtained using PROVEAN (Protein Variation
Effect Analyzer), 6 were found to be deleterious:
Y78H, E141A, L178R, P186R, 1192T, and L213R.
Similarly, sequence of Amylase gene (Exon4) which
codes for catalytic binding unit of the enzyme was
been generated for 15 herbivore species. A total
length of 206 bp was obtained. The nucleotide
sequence within the studied species belonging to
different families showed 71.86% conserved sites
(C), 728.14% variant sites (V), 22.16% informative
sites (Pi) and 22.16% singleton sites (S). Upon
translation for in silico prediction of variants
among herbivores, a total 102 residue amino acid
sequences were obtained. Amino sequences of
generated in this study were compared with the
complete Amylase gene of Human retrieved from
NCBI (NC_000001.11, Fig. 1). A total of 17 variants
were obtained using PROVEAN among which 11
were deleterious.

The sequences generated in this study for
herbivores UGT1A6 and Amylase are novel.
Significant nucleotide and amino acid variations
were found both in UGT1A6 and Amylase genes.
Among herbivores, several single amino acid
substitutes were observed at protein level out of
which few are deleterious. Further work need to be
carried out to ascertain which variants were most
likely to affect enzyme activity. Work has also been
initiated on the comparative analysis of variability in
dietary genes of Indian carnivore and omnivore
species for a better resolution in the dietary habits at

molecularlevel.

Geographic assignment and repatriation of
Indian star tortoises confiscated from illegal
trade

Indian star tortoise (Geochelone elegans) is one of
the world's most attractive tortoise species (Fig. 2 A).
They have high domed, star patterned, protective
shell. They are medium sized tortoises, sizes ranges
between 20-30 cm and lead a solitary life. Indian star
tortoises occupy a wide range of habitats, including
moist deciduous forest, semi-arid lowland forests,
thorn scrub forests, arid grasslands, and semi-desert.
Although, the Indian star tortoise is protected under
Indian Wildlife (Protection) Act, 1972 and any import,
export, trade or possession is prohibited, population
of this species is declining because of massive
poaching and illegal pet trade. These are smuggled
out of India and Sri Lanka and sometimes customs or
airport authorities impound such smuggled
consignments (Fig. 2 B & C). Based on the several
published news, more than 7,000 individuals of Indian
star tortoises were confiscated in 11 different seizures
across the country in 2017.

Molecular methods are ideal for the processed or live
specimens and can elucidate population origin.
Nuclear DNA markers such as microsatellites can be
used to differentiate populations and assigning
particular origin to a confiscated sample. Genetic data
is important for understanding the population
structure and play a crucial role in the repatriation
plans and it has helped the geographic origin of many
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Fig. 2: A: Indian star tortoise (Geochelone elegans), B & C: confiscated Indian Star Tortoises (Source: from internet)

species. We have established identity and origin of
several confiscations of star tortoises over the years
in our lab at LaCONES, the molecular identity has
been restricted to either southern or western types
only. Therefore, the present study was planned with
an objective of identifying the exact origin of unknown
confiscated samples for their geographic assignment
within south India (Kerala, Karnataka, Tamil Nadu,
Andhra Pradesh and Telangana) or west India
(Gujarat, Rajasthan and Punjab). Here, seven
microsatellite loci, previously standardized, were
used to assign the origin of 70 confiscated samples
identified with mitochondrial DNA sequences as
southern type to specific regions within south India.
We could successfully assign the unknown
confiscated Indian star tortoises to their exact place of
origin based on the genotypes generated with
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reference to the known samples. All the samples of
WTI batch (confiscated from West Bengal and Bihar)
were assigned to Andhra Pradesh, 56% of the
confiscated samples of Tirupati batch were also
assigned to Andhra Pradesh and remaining 44% to
Karnataka. Confiscated samples from Chennai
batch were assigned to both Karnataka (63%) and
Andhra Pradesh (37%). Efforts are underway to
procure and include more number of known
reference samples from south and west India and
also from Sri Lanka to have an in-depth exhaustive
genetic database to accurately identify the origin
of unknown confiscated star tortoises for their
successful repatriation. This will facilitate the
immediate needs of the conservation and efficient
management of this endangered species.
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* Understanding the regulatory mechanisms that provide the 1.

preferential advantage to viral translation

+  Regulation of antiviral pathways in innate immunity against
viruses

“Our group has found that HCV NS5A activates
host translation machinery through a unique
interaction between cap binding protein
elF4E and 40S ribosome and Non-canonical
GSK-3B8 pathway plays a crucial role in a
typical EMT.”

Parveen S, Vedagiri D, Gopalan HN, Parthasarathy H,
Krishnan HH (2017). Unconventional MAPK-GSK-3p
Pathway Behind Atypical Epithelial-Mesenchymal Transition
in Hepatocellular Carcinoma. Sci. Rep. 7: 8842.
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Viruses are intracellular parasites that obligate living
cells for their replication. In the process of their
sustenance in the foreign host, viruses jeopardize the
biological equilibrium of the host cell or organism. The
outcome is the compromised survival of the infected
cells that often leads to their death. On the other hand,
several viruses have evolved to co-exist with the host
that often results in life long relationship without
causing major threats to the host.

Viruses form diverse groups based on factors like the
nature of genetic material, its polarity and the
presence of an envelope. Interestingly, a significant
fraction of the fatal or potentially fatal human viruses
are RNA viruses. This is no different for the emerging
or reemerging viruses. Examples include Dengue
(DENV), Zika, West Nile, Japanese Encephalitis
(JEV) and Influenza viruses. These viruses have
single stranded RNA as the genetic material that is
either positively or negatively polarized. Replication
of the genetic material is critical for the generation of
infectious virions. (+) stranded RNA genomes
replicate to form (-) strand that further is replicated to
form several (+) stranded RNA that can either
package into virion or can translate to synthesize viral
proteins. (-) stranded genomes need to replicate to
(+) strand and further to form (-) strand genomic RNA.
One of the most critical steps for the viruses is to take
control of the protein translation machinery in order to

ensure the production of enough viral proteins.
Running into several hundred in number, the
translation apparatus cannot be encoded by viruses
that package very small genomes, often limited to a
few thousand bases. Different viruses engage with
the translation machinery differently. Some of them
totally hijack the translation apparatus while others
manipulate the activity of various components.
Irrespective of the various approaches the viruses
take, it is evident that viruses distinctly modulate
translation apparatus in ways that suit their needs.
Therefore, translation is a step that viruses invest a lot
in for regulation and hence presents itself as a critical
one in effectively controlling the infection.

Initiation of translation is the major rate limiting
step in protein synthesis in eukaryotes. Initiation
is understood to be regulated by (i) limiting the
availability of the cap-binding protein elF4E,
(ii) limiting its activity through modifications and
(iii) limiting the recycling of ternary complex that
delivers the initiator tRNA Met ™. Various viruses
have devised diverse strategies in enforcing the
arrest of host translation while finding a way for their
own translation. Poliovirus cleaves a key cap-binding
protein elF4G thereby shutting down the host
translation while continuing to translate its proteins
using cap-independent mechanism through internal
ribosome entry site (IRES) located in its 5'UTR.
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Fig. 1: Regulation of protein translation initiation in eukaryotes
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Hepatitis C Virus (HCV), on the other hand does not
suppress host translation while promoting its own
translation using IRES. Other viruses such as DENV
use cap-dependent mechanisms that seem to be
distinct from those used by the host mRNAs.
Therefore, understanding the fine details of the
requirements of viral translation is a pre-requisite in
designing means to control viral propagation. Our
laboratory has been investigating the modulation of
signal pathways that regulate host translation during
infection by HCV, DENV and JEV. Some of these
viruses inhibit host translation. We try to understand
how viral translation is preferred or salvaged under
conditions of severe suppression of host translation.
mRNAs have unique regulatory elements in their 5'
and 3' UTRs that assist in specific regulation of
translation. We employ techniques such as polysome
profiling and ribosome profiling in order to identify
transcripts that are specifically regulated during viral
infection. Proteins products of such transcripts could
be critical in supporting viral translation. Our earlier
studies revealed that HCV protein NS5A activates
host translation and interacts with 40S ribosomes
through a unique interaction mediated through elF4E.

RNA viruses predominantly inhabit the cytosol
of the infected cells. Cytosolic membrane
compartments are critical sites for viral replication.
RNA viruses replicating in cytosol induce
extensive structural and functional modifications
on ER and promote formation of membrane
vesicles that are exclusive units of viral replication
factories. Host cells have devised mechanisms to
identify the foreign RNA of viral origin. They are
detected by endocytic or cytosolic receptors
through recognizing pathogen associated
molecular patterns (PAMPs). RIG-I and MDA-5 are
two such receptors (RLRs, RIG-I like receptors)
that bind to double stranded RNA replication
intermediates and turn on a cascade of signaling
events eventually activating interferon regulator
factors (IRFs) that induce IFN production.
Recent remarkable studies revealed that the
access of entry into these vesicles is tightly
regulated through nucleopore like structures
through which RLRs are prevented from entering
the replication factories. Our laboratory investigates
the role of certain host factors that regulate the activity
ofthese antiviral pathways.
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K Guruprasad

Protein Sequence, Structure Analysis and Drug Design

From Left to Right: K Guruprasad, A Sharada Devi

RESEARCH INTERESTS:

+  Bioinformatics

+  Protein sequence/structure analysis

+  Protein structure prediction & three-dimensional modeling
+  Protein function prediction

+  Drug-design

“Our group explores features relating protein
sequences to structures, predict structure and
function of proteins of interest, predict potential
therapeutic targets and drugs in human disease,
develop methods, software and databases
relevant to bioinformatics.”
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Selected recent publications
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Dash P, Bala Divya M, Guruprasad L, Guruprasad K (2018).
Three-dimensional models of Mycobacterium tuberculosis
proteins Rv1555, Rv1554 and their docking analyses with
sildenafil, tadalafil, vardenafil drugs, suggest interference
with quinol binding likely to affect protein's function. BMC
Struct. Biol. 18: 5.

Sridhar S, Dash P, Guruprasad K (2016). Comparative
analyses of the proteins from Mycobacterium tuberculosis
and human genomes: Identification of potential tuberculosis
drug targets. Gene 579:69-74.

Sharada Devi A, Nagaraj R (2017). On the intrinsic
propensity of the Asn-Gly sequence to fold into
type I' B-turn: molecular dynamics simulations of Asn-Gly
B-turn containing peptide sequences. J. Biomol Struct. Dyn.
DOI:10.1080/07391102.2017.1403958.



Prediction of the inhibitory action of potential
repurposed drugs against novel M.tb targets

We have identified ~94 potential TB drug targets
based on a bioinformatics approach developed in our
laboratory (GENE 2016). Ten of these targets are
'druggable’ with some of the known drugs that may be
evaluated for their role as repurposed drugs to treat
tuberculosis. Using molecular modeling and docking
analyses, we demonstrated the likely mode of
inhibition of the M. tuberculosis Rv1555 and Rv1554
protein targets with the drugs Viagra, Cialis and
Levitra (BMC Structural Biology 2018). During the
present year, we have analyzed the possible
inhibitory action of another M. tuberculosis drug
target, the methoxy mycolic acid synthase 4
(MmaA4) protein - Rv0642¢c with the cancer drug

Fig. 1: A. Predicted model of MTX drug bound to M.th
Rv0642c¢ protein. B. Crystal structure complex of S-adenosyl-N-
decyl-amin-oethyl inhibitor (SAM) bound to M.tb Rv0642c
protein (PDB code:2FK8). C. Structural overlay of the MTX-
Rv0642c protein model and crystal structure complex of
SAM-Rv0642c. D. Hydrogen bond interactions in the
drug-protein complex.

methotrexate - MTX using molecular docking
studies (manuscript in preparation). Molecular
docking suggests the MTX drug binds to the M.tb
Rv0642c protein without steric clash. The drug
binding site is same although orientations can be
different depending upon the crystal structure
templates used for docking in the models. The drug
binding site coincides with the S-adenosyl-N-decyl-
aminoethyl inhibitor binding site making hydrogen
bond interactions with the protein. Thereby,
methotrexate - a tetrahydrofolate dehydrogenase

(DHFR) inhibitor used in the treatment of certain types
of human cancer may be explored for its potential as a
repurposed drug for tuberculosis.

We will analyze the possible inhibitory action of
other potential repurposable drugs identified for
tuberculosis treatment.

Molecular Dynamics Simulations of Asn-Gly
B-turn containing peptide sequences

Short peptides populate B-turn conformation in
solution along with random conformation. The
residues with high propensity in B-turns play key role
in stabilizing B-hairpin conformation. The turn
sequences, Asn-Gly promote type [I' turn
conformation less effectively than °Pro-Gly
sequence. Type I' B-turn with Asn-Gly as turn
sequence is found extensively (40%). We examined
the folding of 17 type I' Asn-Gly turn, in isolation, by
Molecular Dynamics Simulations (MDS). We
analysed based on the fluctuations of Cai-Cai+3
distances, dihedral angles, hydrogen bonding
patterns using MD simulations to check for stability of
the folding process. Four (P1fiq, P1m73, P1osy and
P1uh7) out of 17 analysed showed type I' Asn-Gly
turn conformation (Figure 2) suggesting the Asn-Gly
motif show less propensity to form type I' B-turn in
isolation.
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Fig. 2: The dihedral angle (¢,y) plots depicting the density
distribution of the angles for turn residues (Asn-Gly) for (A) P1fig,
(B) P1m73, (C) P1osy, (D) P1uh7. The dihedral angles for Asn and
Gly are represented by blue and red dots, respectively.
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K Thangarayj

Evolutionary and Medical Genetics

From left to right & Top to bottom: Umesh Kumar, Rajan K. Jha, Vishwanath, Satya Ranjan Singh, Lomous Kumar, Niraj Rai, Jaydeep A. Badarukhiya,
A. Paramasivam, Mohd. Haneef, Sheikh Nizamuddin, Jagamohan Chhatai, D V S Sudhakar, Sunil K. Tripathi, Venkatapathi Challa, Deepak K. Kashyap,
G. Mala, Sunitha Kundur, Usha Kabilan, Nipa Basak, Narmadha Ganapathy, S Deepa Selvi Rani, K. Thangaraj

RESEARCH INTERESTS:
+ Origin of modern human
+  Genetic basis of
- Male infertility
- Sex determination and differentiation
- Mitochondrial disorders
- Cardiovascular diseases
- Ayurveda prakritis
*  Ancient DNA
+ Forensic genetics

“Our group through genetic studies for the first time
has shown that the majority of human ancestry in
Lakshadweep is largely derived from South Asia
with minor influences from East and West Eurasia.”
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Selected recent publications
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We have earlier demonstrated that the Indian
populations are the descendents of the very first
modern human migrated Out-of-Africa about 60,000
years ago. Since then most of the Indian populations
are in isolation and practicing endogamy, at least for
the last 2000 years. As a result, Indian populations
acquired unique set of genetic variations, which are of
Indian-specific and responsible for causing
population-specific diseases in India. Therefore, our
main research interest is to study the genetic
variations among Indian populations to understand
their origin, health and disease.

Reconstructing the demographic history of
the Himalayan and adjoining populations

The rugged topography of the Himalayan region has
hindered large-scale human migrations, population
admixture and assimilation. Such complexity in
geographical structure might have facilitated the
existence of several small isolated communities in
this region. To understand this, we have analysed 792
individuals belonging to 16 ethnic groups, inhabiting
the Himalayas and adjoining regions, for uniparental
(mitochondrial DNA and Y chromosomal) markers
(Figure 1A). In addition, we have genotyped about
850,000 autosomal markers among 35 individuals
belonging to the four major populations, inhabiting the
same region. Our result in the light of various
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included in this study. B. Principal component analysis of the
Eurasian populations, using autosomal SNPs, shows the
placement of the Himalayan and adjoining populations (HAAPS).

statistical analyses have suggested a closer link of
the Himalayan and adjoining populations to East Asia
rather than to theirimmediate geographical neighbors
in South Asia, and has confirmed the existence of a
specific ancestry component in the Himalayan and
adjoining populations (Figure 1B). The admixture
time estimate suggested a more recent westward
migration of populations living to the East of the
Himalayas. Furthermore, the uniparental marker
analysis among the Himalayan and adjoining
populations revealed the presence of East, Southeast
and South Asian genetic signatures. Interestingly, we
have observed an antagonistic association of Y
chromosomal haplogroups O3 and D clines with the
longitudinal distance. Thus, we summarise that
studying the Himalayan and adjoining populations is
essential for a comprehensive reconstruction of the
human evolutionary and ethnolinguistic history of
eastern Eurasia.

Peopling of Lakshadweep Archipelago:
tracing the founder lineages

Lakshadweep is an archipelago of about thirty-nine
islands, scattered over approximately 78,000 square
km of the Arabian Sea, 200-440 kms off the south-
western coast of India (Figure 2A). The total
population size of the archipelago is approximately
65,000, however, it lacks an aboriginal population.
The first human settlement of this archipelago is not
very clear, nevertheless it was under the power of
various regimes. Amini, Kalpeni Andrott, Kavaratti
and Agatti are the oldest inhabited islands. The local
stories suggest the arrival of Islam in 661 AD by
Arabians. Later, Cholas ruled the islands in 11"
century, Portuguese in 16" Century, Ali Rajahs in 17",
Tipu Sultan in the 18" and finally it was under the
British Raj in the 19" century. To have a better
understanding of peopling of Lakshadweep, we
have analysed 557 individuals from eight major
islands for mitochondrial DNA and 166 individuals for
Y chromosome markers. We found a strong founder
effect for both paternal and maternal lineages.
Moreover, we report a close genetic link of
Lakshadweep islanders with Maldives, Sri Lanka and
India, and sharing haplogroups of South Asia and
West Eurasia; except Minicoy Island that also shares
haplogroups of East Eurasia (Figure 2B & C). The Y
chromosome haplogroup composition suggested the
male mediated gene flow from North (Figure 2C). In
conclusion, our first genetic data suggest that majority
of human ancestry in Lakshadweep is largely derived
from South Asia with minor influences from East and
West Eurasia.
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The influences of genes, the environment,
and social factors on the evolution of skin
colordiversity in India

Skin color is a highly visible and variable trait across
human populations. It is not yet clear how
evolutionary forces interact to generate phenotypic
diversity. Here, we sought to unravel through an
integrative framework the role played by three factors
- demography and migration, sexual selection, and
natural selection - in driving skin color diversity in
India. Skin reflectance data were collected from 10
diverse socio-cultural populations along the
latitudinal expanse of India, including both sexes. We
first looked at how skin color varies within and
between these populations. Second, we compared
patterns of sexual dimorphism in skin color. Third, we
studied the influence of ultraviolet radiation on skin
color throughout India. Finally, we attempted to
disentangle the interactions between these factors in
the context of available genetic data. We found that
the relative importance of these forces varied
between populations. Social factors and population
structure have played a stronger role than natural
selection in shaping skin color diversity across India.
Phenotypic overprinting resulted from additional
genetic mutations overriding the skin lightening effect
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of variants such as the SLC24A5 rs1426654-A allele
in some populations, in the context of the variable
influence of sexual selection. Furthermore, specific
genotypes are not associated reliably with specific
skin color phenotypes. This result has relevance
for DNA forensics and ancient DNA research.
In conclusions, India is a crucible of macro- and
micro-evolutionary forces, and the complex
interactions of physical and social forces are visible in
the patterns of skin color seen today in the country.

MPV17 hepatocerebral mitochondrial DNA
depletion syndrome presenting as acute
flaccid paralysis

Mitochondrial DNA depletion syndromes (MDS) are a
genetically and clinically heterogeneous group of
autosomal recessive disorders, characterized by
decreased mtDNA copy numbers in the affected
tissues / organs. MDS are phenotypically
heterogeneous and usually classified as
myopathic, encephalomyopathic, hepatocerebral or
neurogastrointestinal caused by mutations in nuclear
genes that are involved in either mitochondrial
nucleotide synthesis or mtDNA replication, such as:
thymidine kinase 2 (TKZ2), deoxyguanosine kinase
(DGUOK), mitochondrial inner membrane protein
(MPV17), polymerase gamma (POLG) and



Fig. 3: Clinical features of the
patient with mitochondrial
disorder, showing toe deformities
and asymmetry in lower limbs.
The left lower limb was shorter by
3.5 cm compared to the opposite
limb. Upper limb asymmetry with
the left upper limb shorter by 3.0

cm compared to the opposite
side. B. MRI brain FLAIR images

showing bilateral symmetrical
white matter hyperintensities
involving the subcortical U-fibres
and deep white matter in the
fronto parietal subcortical regions.
C. Pedigree of Indian patient with
homozygous MPV17 mutation. D.
Sequencing chromatograms of
MPV17 homozygous mutation
¢.121C>T (p.R41W) in patient.

e The parents and brother of patient
e were unaffected carriers with
¢.121C>T mutation.

Maothes

. Patient

chromosome 10 open reading frame 2 (C100rf2).
MPV17 encodes for a mitochondrial inner membrane
protein, mutations in this gene cause hepatocerebral
mitochondrial DNA depletion syndrome. We have
analysed the MPV17 gene of a 11 year old girl, born to
a consanguineous parents, presented with rapidly
progressive weakness of all 4 limbs with symmetrical
proximal and distal weakness without facial,
ocular or bulbar involvement, liver disease,
leukoencephalopathy and chronic gastrointestinal
illness. Our analysis revealed a homozygous
pathogenic mutationc.121C>T (p.R41W) in the
MPV17 gene. Further, screening for this mutation in
the parents revealed the presence of heterozygous
mutation in both the parents, suggesting the
recessive nature of the disease (Figure 3).

Mitochondrial oxidative phosphorylation
disorders in children

Mitochondrial oxidative phosphorylation (OXPHOS)
disorders accounts for a variety of neuromuscular
disorders in children. In this study mitochondrial
respiratory chain enzymes were assayed in muscle
tissue in a large cohort of children with varied

neuromuscular presentations. The biochemical
enzyme deficiencies were correlated with the
phenotypes, magnetic resonance imaging,
histopathology and genetic findings to reach a final
diagnosis. There were 85 children (mean age:
6.9 £ 4.7 years, M:F::2:1) with respiratory chain
enzyme deficiency which included: isolated
complex | (n = 50, 60%), multiple complexes
(n=24, 27%), complex IV (n=8, 9%) and complex I
deficiencies (n=3, 4%). The most common
neurological findings were ataxia (59%),
hypotonia (59%) and involuntary movements (49%).
A known mitochondrial syndrome was diagnosed
in 27 (29%) and non-syndromic presentations
in 57 (70.5%). Genetic analysis included
complete sequencing of mitochondrial genome,
SURF1, POLG1 and POLG2were performed.
Sequence analysis revealed variations in
mitochondrial DNA (n = 8), SURF1 (n = 5), and
POLG1 (n = 3). This study, the first of its kind from
India, highlights the wide range of clinical and imaging
phenotypes and genetic heterogeneity in children
with mitochondrial oxidative phosphorylation
disorders.
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Lakshmi Rao Kandukuri

Chromosome Disorders Diagnosis and Human Reproductive Genetics

o

From Left to Right: Kanakavalli MK, Padmalatha OV, Lakshmi Rao K, Yash Parekh, Bhavya Gohil, K Praveen

RESEARCH INTERESTS: Selected recent publications

+  Chromosomal and genetic evaluation of infertile men, recurrent 1. Aswini S, Kanakavalli MK, Venkata Padmalatha O, Anuradha
D, Chandra RS, LakshmiRao K (2017). De novo “pure' partial
) ) o trisomy (6)(p22.3—pter) - a case report and review of the
+  Genetics of reproductive dysfunction in women literature, Clinical Dysmorphology 26:26-32.

+  Characterizing chromosome breakpoints associated with infertility

pregnancy loss

+  Prenatal diagnosis for chromosome disorders

“Under the various human reprogenetics
programmes, the group focuses on chromosomal
and molecular basis of spermatogenesis, ovarian
development and cycling disorders, polycystic
ovarian syndrome and recurrent early pregnancy
loss, mental retardation, congenital birth defects
and other chromosome related disorders.”
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Chromosomal genetic disorders arise due to
something unusual in an individual's chromosomes;
conditions include partially or completely missing,
altered or duplicated. There are many different
chromosomal disorders which have a variety of
symptoms. Possible symptoms of these disorders
may include both mild and severe mental retardation,
developmental problems, heart and circulatory
issues, and cleft palates. Other symptoms may
include seizures and learning disabilities. Some
chromosomal disorders are fatal and cause early
miscarriages or infant death. Older pregnant women
have a higher risk of passing on chromosomal genetic
disorders.

To identify chromosome defects, our group has
been providing chromosome diagnosis services
for patient referrals that include short stature,
infertility, ovarian failure, recurrent miscarriages,
hypogonadism, undescended testis, microcephaly,
delayed developmental milestones, familial and
isolated mental retardation and cerebral palsy.
A diagnosis of the chromosome disorder for a patient
can guide with suitable strategies, to avoid any risk of
inheritance and management decisions accordingly
based on the defects identified.

Among the 129 postnatal referral cases, we present
two pediatric cases; A case with a facial appearance
of BLOOM SYNDROME (Figure 1) belonging to the
group of Chromosome Instability Syndromes which is
known to be a transmitted in a autosomal recessive
fashion, is noted in a 5-year old boy; active, lean and
short, hypothyroidism, atrophic testis, hypocalcemia,

severe anemia, skin erythmia, microcephaly, low set
ears, loss of eyelashes, chest X-ray revealed
cardiomegaly, MRI of his brain revealed hypoplastic
pituitary & B/L mastoiditis. Family pedigree analysis
presented three consanguineous marriages among
parents [1* cousins], grandparents [1* cousins] and
great-grandparents [1* cousins] as well (Figure 1).
Cytogenetic investigations revealed variable
chromosome aberrations analysed in about
20% of metaphases; which include quadriradial
chromosomes; a condition where chromosomes are
with four arms, formed by recombination between two
chromosomes; Acentric chromosome fragments-
chromosomes with no centromeres; Metacentric
chromosome fragments and chromosome breaks
(Figure 2 A-E), others showed a normal male
karyotype. Thus clinical diagnosis of the patient
with Bloom syndrome was confirmed cytogenetically
by demonstrating characteristic chromosome
instability. Chromosome analysis would help not only
to prevent the severity of the disease with the
passage of time, but also to detect skin malignancies
thatare liable to occur.

Another case, an ‘unusual Mosiac Turner Syndrome
variant with XYY" presented in a 7-year old child
with the clinical diagnosis proximal hypospadias,
left impalpable testis, diminitive mullerian structure
and streak gonads in the left testis. Cytogenetically,
this case showed an abnormal karyotype [mos
45,X0/46,Xrob(Y;Y)] [Figure 2A] analysed in 100
metaphases. Unlike the normal male karyotype viz,
46,XY, the patient showed two cell lines 45, XO in
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Fig. 1: Facial appearance of Bloom's syndrome patient
and Pedigree of the family with three consanguineous
marriages among parents, grandparents & great-
grandparents in three generations, I, IV, V indicates
the possibility of inheritance as autosomal recessive
patternin the patient.
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Fig. 2: Chromosome aberrations noted in a Bloom's syndrome
patient. A: Quadriradial chromosomes, B & C: Acentric chromosome
fragment/ Metacentric chromosome fragment D: Chromosome break
in the distal g arm of one of the chromosome 9, E: Chromosome
break in the mid q arm of chromosome X.

twenty-four nuclei as Turner Syndrome karyotype and
46,Xrob(Y;Y) in six nuclei; an unusual Robertsonian
translocation involving two Y chromosomes, and
most probably fusion has occurred at telomere ends.
The unusual XYY karyotype as presented in this
unique Turner Syndrome variant was further
characterized; the presence of SRY, Satellite DNA
sequences and Subtelomere regions was confirmed
by FISH [Florescence In-Situ Hybridization] using
locus-specific and whole chromosome DNA
probes specific for Y chromosomes. The existence
of two Y chromosomes as a derivative aberrant
chromosomes formed due to the fusion of
Robertsonian translocation is confirmed by
presence of two signals for SRY regions-Satellite
DNA sequences-Subtelomeric regions as shown in
Figure 3 C-F. The derivative X chromosome
presented two signals of Centromere, Androgen
Receptor & Xist Locus, whereas in case subtelomere
signals of Xp regions are noted to be interstitially
localized.

This novel Y chromosome abnormality presented
with hypospadias associated testicular defects and
molecular cytogenetic characterization of derivative
Y chromosome would be helpful for genetic
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counseling and besides, pediatrics & infertility clinics
could use them to decide suitable strategies to help
such patients.

In addition to postnatal chromosome diagnosis, our
laboratory also provides prenatal investigations for
women with pregnancies at high risk of chromosomal
abnormalities or birth defects. Approximately 3% to
5% of pregnancies are complicated by birth
defects or genetic disorders. Chromosomal
abnormalities are present in approximately 1 in 150
live births, congenital malformations remain the
leading cause of infant death and a leading cause of
childhood death. These chromosomal abnormalities
include aneuploidy (defined as having one or more
extra or missing chromosomes), translocations,
duplications, and deletions.The most common
chromosomal disorder is trisomy 21 (Down
syndrome), with an incidence of 1 per 800 live births.
Trisomy 13 and 18 can also resultin live births, though
with a significantly lower incidence. Sex chromosome
aneuploidies are less common than autosomal
aneuploidies. The only known viable monosomy is
monosomy X (Turner syndrome). Risk of aneuploidy
increases with maternal age. Other factors also
influence patients' risk in any given pregnancy,
including the presence of birth defects or soft
markers on ultrasound and past obstetric history,
particularly if it is notable for a prior pregnancy
affected by aneuploidy or another genetic disorder.
A past family history of aneuploidy increases
current pregnancy risk of aneuploidy, especially if a
parent is a balanced Robertsonian translocation
carrier, though most cases are sporadic and
secondary to chromosomal nondisjunction.

Approximately fifty amniotic fluid samples were
referred for prenatal chromosome diagnosis with
indications that include Unilateral/Bilateral
Talipes, Tripple Screen Positive, Increase Nucal
Fold Thickening, Advanced Maternal Age,
Absence/Hypoplastic of Nasal Bone, Previous Child
with Down Syndrome, Fetal Heart with TOF DiGeorge
Syndrome, Bilateral Pylectasis, and Echogenic
Bowel. Cytogenetic Analysis was performed on
amniotic fluid samples drawn from patients 12-16
weeks pregnancy gestation; cultured amniotic cells
were analysed for karyotyping test using standard
Giemsa-banding staining & uncultured fixed cells for
a quick test aneuploidy screening with FISH
technique using chromosomes [13, 18, 21, X & Y]
specific kits. Three samples with referrals, Advanced



Fig. 3: A & B: GTG banding results
showing XO and XYY- Robertsonian
translocation involving two Y
chromosomes as derivative aberrant
chromosome; FISH on metaphase
spreads with the Vysis C: WCP'Y
DNA probe hybridizes the two Y
chromosomes., D: LSI SRY for Y
chromosome DNA probe hybridizes
the SRY regions on two Y
chromosome; E: LS| Satlll for Y
chromosome DNA probe, hybridizes
the Satellite repetitive sequences on
two Y chromosomes; F: Yq (red)
subtelomere DNA probes showed
Yq red signals localized on two Y
chromosomes; the derivative
aberrant Y chromosome as
indicated by arrow in each
metaphase.

Maternal Age, Ultrasound screen for Down
Syndrome & Absence of Nasal Bone for cytogenetic
screening showed positive for trisomy 21, indicative
for Down Syndrome (Figure 4 A-C) & one sample
showed existence of sex chromosomes as two
populations referred as mosaicism.

Prenatal chromosome diagnosis reporting has
become a major aid to counseling; all patients

choosing to undergo screening or testing should
receive counseling regarding risks, benéefits,
and limitations of their chosen testing plan
from their health care provider or genetic
counselor. It is important to note that aneuploidy
screening, a frank discussion of the benéefits,
risks, and limitations of tests is key in ensuring
that care is appropriate for each patient's
individual goals.

Fig. 4: Cytogenetic analysis of prenatal
diagnostic-amniotic fluid samples A:
Karyotype indicative positive screen for
trisomy 21-red arrow marked on third
copy of chromosome 21; B: FISH on
uncultured fixed nuclei Two green signals
indicate normal diploid status for
chromosomes 13 and three orange
signals indicate triploid status for
chromosomes 21. C: Two aqua signals
indicate normal diploid status for
chromosomes 18. The signals of the sex
chromosomes have not been presented
[according to PNDT Act 1994, 1996 and
PC-PNDT Act 2003].
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Arvind Kumar

Uncovering Histone based and Non-coding RNA based Epigenetic Regulatory Mechanisms

in Complex Neuropsychiatric Disorders
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From Left to Right: V Lenin, Sachin Singh, Arvind Kumar, Avijeet Kamle, Archana Golla, Unis Ahmad Bhat,
Sandeep Kumar Dey, Shams-ul-Hag, Jitendra Kumar Sinha, Nitin Khandelwal

RESEARCH INTERESTS:

+ Unravelling deregulated epigenetic regulatory mechanisms in
neural gene function using mouse models of neuropsychiatric
disorders

+ Engaged in CNS drug discovery

“The lab is engaged in unravelling deregulated
epigenetic regulatory mechanisms in chronic
neuropsychiatric diseases, in particular alcohol
addiction, depression and comorbid dementia.”
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Hippocampal knockdown of Piwil1 and Piwil2 enhances contextual
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Joshi PC, et al. (2017). A 2-oxa-spiro[5.4] decane scaffold displays
neurotrophic, neurogenic and anti-neuroinflammatory activities
with high potential for development as a versatile CNS therapeutic.
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Most psychiatric disorders are persistent debilitating
mental illnesses, but unfortunately, effective newer
drugs with least side effects are not forthcoming.
So, in this grim scenario our “Epigenetics &
Neuropsychiatric Disorders' research group is
intensely engaged in trying to get insights into
molecular mechanisms underlying the etiopathology
of neuropsychiatric disorders. Using diverse mouse
models of alcohol addiction, depression and
comorbid dementia, we have elegantly shown how
dysregulation in few epigenetic regulatory
mechanisms (involved in histone lysine and arginine
methylation and lysine demethylation) alter
expression of genes/ proteins critical for the proper
functioning of brain circuitries that control emotions,
reward, learning and memory. Epigenetic
mechanisms involving histone lysine acetylation and
deacetylation have been extensively investigated in
addiction, depression and dementia models.
However, epigenetic studies involving histone lysine
methylation and demethylation and arginine
methylation are still fragmentary in animal models of
neuropsychiatric disorders. Our research efforts last
year have paid off in this direction and we have
evidence now of the important role PRMTS5 a protein
arginine methyltransferase and its epigenetic target
H4R3me2 in alcohol-induced neural, neuroplastic
and neurogliogenic changes, using a mouse model of
chronic alcohol administration as well as ex vivo
mouse neural/ progenitor cell (NSCs/NPCs) culture.
The analyses of high throughput ChiP-seq and RNA-
Seq data led us to identify the targets involved in
alcohol-addiction and comorbid cognitive disorder
associated neural and behavioural changes in a
mouse model.

Non-coding RNAs in neuroplasticity and
neurogenesis in chronic stress response
and depression

Our group is also involved in the study of non-coding
RNAs (ncRNAs), which form another layer of gene
regulation implicated in neural and behavioural
changes, a few which also act epigenetically. The
high throughput approach we used has led us to
uncover a number of deregulated ncRNAs such as
miRNAs, piRNAS, lincRNAs in chronic stress and
depression associated neural and neurogenic
changes in hippocampal neurogenic area dentate
gyrus, the critical neural substrate in cognitive
circuitry. We describe here the roles of PIWII1, 2 and 4
(in mouse these are termed Mili, Miwil1 and Miwi2) in

brain and behavior using mouse models of
neuropsychiatric disorders.

The Piwi pathway which consists PIWI-like proteins
(PIWII1, 2 and 4) and PIWI-interacting RNAs
(piRNAs), is a conserved gene regulatory mechanism
involved in modulating gene expression through RNA
interference and epigenetic mechanisms. Most of the
information on these piRNA binding proteins are from
testicular spermatogenesis epigenetically controlling
(silencing) transposons during germ cell proliferation
and differentiation. Relatively little is known about
their functions in mammalian neurons or in neural
gene regulation. For the first time our collaborative
effort with Dr. Timothy Bredy's lab at Queensland
Brain Institute (QBI), has led us to uncover the
important roles that PIWIL1 and PIWIL2 perform in
mouse brain and behavior. Activation of cortical
neurons leads to dynamic changes in an epigenetic
regulator ING1 (Inhibitor of growth family member 1)
and the knockdown of this regulator results in an
attenuation in expression of a number of neural genes
responsible for synaptic plasticity, including a critical
one Ppp3r1. Interestingly, the binding of the
epigenetic regulator ING1 on the regulatory region of
Ppp3r1 depends on PIWII1 and 2, another group of
epigenetic regulators. The data provided us novel
insight into their role in activity (neuronal) induced
gene expression (Leighton et al. 2018 Neurosci.). Ina
further study, we found that all three Piwi-like genes
are expressed differentially in several regions of
mouse brain and are involved in the biology of neural
stem/ progenitor cells' proliferation and differentiation
i.e. hippocampal neurogenesis. Unlike several
brain regions, the level of Piwil1 transcripts was
relatively good in pre-frontal cortex (PFC). Therefore,
we decided to target it in the PFC by intracranial
injection of AAV2-PIWIL1shRNA virus. In behavioral
experiments, the animals developed an anxiety and
depression-like phenotype (unpublished data). Our
collaborator (Bredy's group) on the other hand found
enhanced contextual fear memory, but no effect on
generalized anxiety, when they knocked down both
Piwil1 and Piwil2 in adult mouse hippocampus using
AAV-2 shRNAs (Leighton et al. 2018 BioRxiv).

On the ftranslational front, the group has actively
been involved in CNS drug discovery, searching
for potential neurotrophic, neurogenic and
anti-neuroinflammatory small molecules (Joshi PC
etal. 2017).
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Lekha Dinesh Kumar
Role of Wnt Signalling in EMT and Development of Colon Cancer
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From Left to Right: Aparna Golani, Khushboo Kourani, Aviral Kumar, Lekha Dinesh Kumar, Surabhi Kumari, Yamini Meshram

Selected recent publications
1. Katoch A,Suklabaidya S, Chakraborty S, Nayak D, Rasool

RESEARCH INTERESTS: RU, Sharma D, Mu_kherjee D, Faheem MM, Kumar A,
Sharma PR, Senapati S, Kumar LD, Goswami A(2018). Dual
e Role of wnt deregulators in EMT and development of colon Role of Par-4 in abrogation of EMT and switching on
cancer Mesenchymal to Epithelial Transition (MET) in metastatic
pancreatic cancer cells. Mol. Carcinog. 57:1102-1115.
e MicroRNAs as novel biomarkers for early detection of breast 2. RasoolRU,Rasool RU, Nayak D, Chakraborty S, Faheem
cancer MM, Rah B, Mahajan P, Gopinath V, Katoch A, Igra Z, Yousuf
o ) ) SK, Mukherjee D, Kumar LD, Nargotra A, Goswami A(2017).
* Biological drug discovery and delivery to cancer models AKT is indispensable for coordinating Par-4/JNK cross
talk in p21 down modulation during ER stress. Oncogenesis
6:e341.
3. NayakD, Nayak D, Kumar A, Chakraborty S, Rasool RU,
Amin H, Katoch A, Gopinath V, Mahajan V, Zilla MK, Rah B,
Gandhi SG, AliA, Kumar LD, Goswami A (2017). Inhibition of
Twist1-mediated invasion by Chk2 promotes premature
“Our group showed that over expression of senescence in p53-defective cancer cells. Cell Death Differ.
Receptor Tyrosine Kinase Ephb4 in different 24:1275-1287.
grades and stages of human colon cancer along 4. Kumar LD, Gos_waml_A(201_7). From Beljch to Bed3|d_e: Role
ith c-M e d i fE of 3-AWA (3-Azido Withaferin A) to Override Drug Resistance
with ¢-Myc with simultaneous downregulation of E- in Cancer by Switching Autophagy to Apoptosis. EC Pharm.
cadherin suggests its involvement in epithelial Toxicol. 4: 35-37.
mesenchymal transition (EMT). Also, translocation 5.  Tangudu NK, Tangudu NK, Verma VK, Clemons TD,
of B-catenin from cytoplasm to nucleus indicates Beevi SS, Hay T, Mahidhara G, Raja M, Nair RA, Alexander
. LE, Patel AB, Jose J, Smith NM, Zdyrko B, Bourdoncle A,
th_e deregulation O)_c Wnt path‘/,vay’. howgver t/',l,e Luzinov |, lyer KS, Clarke AR, Dinesh Kumar L (2015). RNA
direct role of Ephb4 in EMT is being investigated. Interference Using c-Myc-Conjugated Nanoparticles

Suppresses Breast and Colorectal Cancer Models. Mol.
Cancer Therap. 14:1259-1269.
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Epithelial to Mesenchymal Transition (EMT) is a
process in which epithelial cells lose their adhesive
property and acquire more of migratory property as
that of mesenchymal cells. EMT, a crucial process in
embryonic development results in the transition of
epithelial cells to mesenchymal cells, is rarely fully
executed in cancer though a partial activation results
in metastasis. Since EMT is not complete in cancer
cells, they are in multiple states of transition and thus
express a mixture of epithelial and mesenchymal
genes. Such hybrid cells tend to move in clusters. It
has been shown that EMT-TFs play important roles in
all stages of cancer progression from initiation,
primary tumour growth, invasion and metastasis to
colonization as well as in resistance to therapy.
EMT phenomenon is also reversible by MET
(Mesenchymal to Epithelial Transition) which is also
an inherent property of circulating tumour cells to form
secondary tumours. Many diverse pathways have
been implicated in EMT. Conflicting views about
the role of EMT in cancer biology arose because
the EMT is not a uniform programme defined by a
single pathway. Moreover the precise molecular
connections between these oncogenic pathways and
EMT are still not clear. Several signaling pathways
are involved in EMT-MET process including TGF-§3,
MAPK, apoptotic pathways, however direct role of
wntsignaling pathway is not clear.

Wht signaling pathway is one of the major pathways
deregulated in colon cancer and the cell niche lining
the villi and crypts is tightly controlled by the pathway.
Most sporadic colorectal cancers arise as aresult of a
mutation in the Wnt/Bcatenin pathway which in turn is
critical towards colorectal cancer (CRC) progression.
The key factor involved in this signaling pathway

lies in the stabilization of B-catenin and its interaction
with TCF transcription factors within the nucleus. In
cytoplasm the B-catenin are tightly regulated and
the absence of Wnt factors results in its ubiquitination
and degradation by the proteasome. Colon cancers
frequently harbor genetic defects that inhibit the
degradation of B-catenin which leads to nuclear
translocation and activation of target genes
responsible for the Wnt activation. Constitutive
transcription by the B-catenin/Tcf complex has been
recognized as the key step forinitiation of CRC. About
70% of all colorectal cancers show homozygous
inactivation of the adenomatous polyposi coli (APC)
tumor suppressor gene resulting in the activation of
the Wnt signaling pathway and the constitutive
transcription by the (-catenin/Tcf complex. Loss of
APC function is present throughout the sequence of
intestinal carcinogenesis (i.e., from benign adenomas
to fully malignant colorectal cancer and metastasis).

Microarray analysis of colon cancer mice models
(Apcfl/fl) as well as nanostring analysis of human
colon cancer tissues of various stages and grades
revealed up regulation/down regulation of a number
of genes involved in wnt signaling pathway along with
EMT-MET transition factors. This indicates that EMT
process involves interplay of many factors in wnt
transduction pathway as well. Hence it is important to
classify the genes responsible for progression of
cancer from stage | to stage IV which is often
associated with EMT. After finding out the
differentially expressed genes from different grades
and stages of colorectal cancer, we classified them
based on the various progressive stages within each
grade/stage. In order to verify the involvement of wnt
in the initiation and progression of colorectal cancers,

Fig. 1: Expression of B-Catenin in different grades of human colon cancer

oy o,

Well differentiated
= e .

CCMB Annual Report 2017-2018 | 057



Fig. 2: Expression of Ephb4 proteins in different grades of human colon cancer

thereby EMT, many up regulated genes from the array
analysis were tested for their expression profile in
human colorectal cancers. Immunohistochemical
analysis of B-catenin in different grades of colon
cancer revealed that the cytoplasmic B-catenin
(normal tissue) is translocated to nucleus in well
differentiated grade. The translocation levels
increased when cancer progressed to higher grades
(moderately and well differentiated) (Figure 1)
indicating the deregulation of wnt pathway. More so
when cancer progress to advanced grades and
stages, E-cadherin levels are found to be low,
inducing Epithelial Mesenchymal Transition and
hence promotes cytoplasmic B-catenin to translocate
to nucleus. This indicates the involvement of wnt
signaling pathway during colon cancer progression
and thereby EMT.

Among the number of genes up/down regulated in
different grades and stages of human colon cancer,
we have tested the tyrosine kinase Ephb4 and c-Myc
for their protein expression in the tissue samples.
Erythropoietin-producing hepatoma (EPH) receptors
are considered the largest family of receptor tyrosine
kinases and play key roles in physiological and
pathologic processes in development and disease.
EPH receptors are often overexpressed in human
malignancies and are associated with poor
prognosis. We have also observed an upregulation of
one of the EPH receptors, EphB4 in high levels across
different grades and stages of colon cancer (Figure 2)
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concomitant with the nanostring analysis. However,
the functions of EPH receptors in epithelial-
mesenchymal transition (EMT) remain largely
unknown.

The c-Myc transcription factor is one of the most
important mutated oncogenes in human cancers.
Somatic amplification and overexpression of c-Myc is
seen in both high-grade and invasive tumors and is
associated with poor prognosis. Furthermore, many
transforming oncogenes ultimately drive c-Myc
expression either directly or indirectly, thus assuring
that deregulation of the c-Myc pathway is one of the
most common features of human tumorigenesis. The
c-Myc oncoprotein can confer a selective advantage
on cancer cells by promoting proliferation, cell
survival and angiogenesis all of which may indirectly
contribute to metastasis. In addition, c-Myc is
specifically necessary for the invasion and metastatic
spread. It has been shown that c-Myc can regulate the
epithelial-to-mesenchymal transition (EMT) that is
necessary for cellular invasion and migration in some
contexts. However, the exact molecular events
controlling such events need to be deciphered.
Therefore as an initial step towards linking wnt
pathway and EMT, expression of wnt downstream
genes like c-Myc was assessed for its expression
levels in different grades and stages of human colon
cancer. We have found that c-Myc expression was
quite high in moderately and poorly differentiated
tissues compared to normal and well differentiated



Fig. 3: Expression levels of c-Myc
in different grades of human
colon cancer

ones (Figure 3). As a consequence of high
level of protein expression of Ephb4 and c-Myc
detected in high grades of colon cancer, RNA
in situ hybridization was carried out to find the
level of transcripts associated with the different
grades of colon cancer. We have found high
levels of Ephb4 transcripts as well as ¢c-MYC in

human colon cancer tissues concomitantly
increasing with higher grades and stages
(Figures 4&5). These results put together suggest
a possible mechanism of regulation of EMT - MET
transition by wnt signaling pathway. Further
molecular studies are required to establish the
regulation of EMT by wnt signaling pathway.
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Fig. 4: RNA in situ hybridization of
EphB4 in human colon cancer
tissues using RNAscope

Fig. 5: RNA in situ hybridization of
¢-Myc in human colon cancer
tissues using RNAscope
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Megha Kumar

Cell Mechanisms Regulating Embryonic Development

From Left to Right: Chandrima, Sulagna Mukherjee, Megha Kumar, Kirti Prasad

RESEARCH INTERESTS:

+  Cell division and Embryonic Development

+  Mitotic disorders — microcephaly, aneuploidy
+  Zebrafish embryonic development

+ High throughput genetic screening

“The focus of the lab is cell and developmental biology. We study
fundamental cellular processes such as cell division underlying
embryonic development. Aberrations during cell division (mitosis)
result in disorders such as microcephaly, aneuploidy syndromes and
embryonic lethality. We hope to uncover the molecular mechanisms
regulating cell division to understand the basis of these
developmental disorders. We use zebrafish as the model system to
study cell division dynamics during embryonic development. The
zebrafish embryos are amenable to live cell imaging, genetic
manipulation and high throughput genetic screens. Mitosis in the
embryo is a tightly requlated process, involving a variety of cytosolic
proteins in a complex signalling network. Interestingly,
developmental cues from the embryo also impart instructive signals
to requlate mitotic events such as spindle orientation and spindle
positioning. We aim to investigate this molecular crosstalk between
mitotic events and developmental signals in the developing embryo.”
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The focus of the lab is cell and developmental biology.
We study fundamental cellular processes such as cell
division underlying embryonic development.
Aberrations during cell division (mitosis) result in
disorders such as microcephaly, aneuploidy
syndromes and embryonic lethality. We hope to
uncover the molecular mechanisms regulating cell
division to understand the basis of these
developmental disorders. We use zebrafish as the
model system to study cell division dynamics during
embryonic development. The zebrafish embryos are
amenable to live cell imaging, genetic manipulation
and high throughput genetic screens. Mitosis in the
embryo is a tightly regulated process, involving a
variety of cytosolic proteins in a complex signaling
network. Interestingly, developmental cues from
the embryo also impart instructive signals to
regulate mitotic events such as spindle orientation
and spindle positioning. We aim to investigate this
molecular crosstalk between mitotic events and
developmental signals in the developing embryo. The
focus of this study is to understand the functional
contribution of the dynein subunits during mitosis in
the formation of the bipolar spindle and in establishing
proper spindle orientation in developing zebrafish
embryos. We hypothesize that zebrafish dyneins are
required for these functions and that loss of or defects
in these subunits impair proper spindle formation and
orientation, leading to developmental defects. Thus,
we aim to determine the functions and mechanistic
role(s) of the dynein subunits during vertebrate
embryonic development.

In an alternative project in the lab, we are developing
an alternative tumor model using zebrafish embryos,

which will complement the existing methodology with
more rapid identification of compounds entering pre-
clinical and clinical trials. Currently preclinical studies
depend on mouse xenografts to assess the efficacy of
potential anti tumor drug molecules and compounds.
These studies on humanized murine models are
technically challenging with toxicity and
reproducibility issues and are time consuming and
expensive. This approach could also be used to
rapidly screen patient tumor sample for the
personalized medicine initiative. The alternative
tumor model using zebrafish embryos is based on the
fact that the oncogenic signaling and gene expression
signatures are highly conserved between human,
mice and zebrafish tumors. Zebrafish can
spontaneously develop a range of benign and
malignant tumors in many organs - liver, GIT,
pancreas, muscle, and skin in a manner akin to tumor
development in humans. Here, we use the tumor
transplant approach in early stages of zebrafish
embryos to study early events of tumor development,
neovascularization and invasion. In this study, we
microinject the in vitro cultured invasive tumor cell
lines such as MDA-MB231 cells into different regions
of the early embryo and follow the time course
proliferation and migration events in the developing
embryo. Our preliminary studies show that the highly
proliferative breast cancer cell MDA-MB231 cells
migrate to different regions of the larvae such as the
tail when injected in the early embryos (Figure 1).
This short-term tumor model assay will also be useful
to identify and screen candidate tumorigenic
inhibitors and serve as bioassay tool for small
molecule testing.

Fig. 1: MDA-MB231-GFP
suspension was injected
in post gastrula stage
zebrafish embryos.
Approx. 200-500 cells
injected per embryo and
GFP positive cells tracked
by live imaging at 2dpf in
the trunk and tail region.
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Santosh Kumar
Receptor Signalling and Immune Response

From Left to Right: Jacob, Santosh Kumar, Pratheusa Machha, Anshika Saxena, Sitanshu Kumar Sarangi

RESEARCH INTERESTS:

+  Understanding the principles of immunoreceptor signaling, using
the tools of in vitro reconstitution, fluorescence imaging, and
cellular biochemistry

* Understanding the T cell and NK cell responses in human
diseases, using the tools of single cell sequencing, genomics,
and cellular biochemistry

“Our laboratory aims to understand the molecular events of
immune responses. We are currently working in two directions.
(1) Inhibitory killer cell immunoglobulin like receptor (KIR) binds
HLA-C and blocks activation of human natural killer (NK) cells.
Using KIR as a model, we wish to understand the mechanisms
of a few crucial events that underlie signaling by many
immunoreceptors. KIR signals in an unusual way; it undergoes
Zn2+-dependent polymerization into filaments. KIR signaling
represents a new mode of transmembrane signaling. We wish
to understand how KIR polymerization is regulated and how
these polymers promote KIR signaling. To obtain a
consolidated understanding of this new mode of
transmembrane signaling, we wish to obtain and study more
examples. (2) H. Pylori infection is the major cause of human
gastroduodenal pathologies. Many infected individuals do not
recover after antibiotic treatment and develop chronic gastritis.
We wish to discover T cell antigens of H. Pylori from active
human infections, to test T cell-based autoimmune etiology of
H. Pylori-induced chronic gastritis, to discover peptide antigens
of those self-reactive T cells (if any), and to understand what
kinds of T cell responses determine whether or not an infected
individual would return to health after antibiotic treatment
against H. Pylori.
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Ligand binding-induced dimerization of a receptor
tyrosine kinase, which triggers the intrinsic kinase
activity of the receptor, was a seminal discovery in
transmembrane signaling. It now appears that
dimerization or oligomerization is a general principle
in transmembrane signaling. The HLA-C-specific
inhibitory Kkiller-cell Ig-like receptor (KIR) is
expressed on the surface of human natural
killer (NK) cells, and performs an important
function of preventing NK cell cytotoxicity towards
healthy cells. KIR undergoes Zn*-dependent
polymerization into filaments. KIR polymerization
could represent a new transmembrane signaling
mode, wherein a transmembrane receptor
polymerizes into higher-order assemblies that are
much larger than dimer or known oligomers of
transmembrane receptors.

KIR signals through its cytosolic immunoreceptor
Tyr-based inhibitory motifs (ITIM) (Figure1). Upon
recognizing HLA-C on target cells, KIR clusters at the
resulting NK cell-target cell synapses (inhibitory
synapses), and becomes ITIM-phosphorylated. The
mechanisms underlying ITIM phosphorylation is
unknown. Phosphorylated ITIMs (pITIMs) recruit
and activate the protein Tyr phosphatase SHP-1.

The molecular mechanisms that control recruitment
and function of SHP-1 at inhibitory synapses are
unclear. Activated SHP-1 dephosphorylates the
guanine nucleotide exchange factor-1 (Vav-1).
KIR engagement also involves c-Abl kinase-
mediated phosphorylation of the adaptor protein
Crk, and its dissociation from signaling complexes
formed during activation. How c-Abl is recruited
and activated at inhibitory synapses is unknown.
Vav-1 dephosphorylation and Crk phosphorylation
contribute to inhibition of actin-dependent activation
signals.

We have three specific aims: (1) To understand the
molecular events of KIR signaling. How are ITIM
phosphorylation and the concerned kinase functions
controlled? How are recruitment and functions of
SHP-1 and c-Abl controlled at inhibitory synapses?
The tools of in vitro reconstitution, fluorescence
imaging, and cellular biochemistry are being used to
answer these questions. (2) To elucidate the
mechanism of regulation and function of KIR
polymers. We would use cellular biochemistry in
conjunction with mass spectrometry to understand
how KIR polymerization is controlled and how
KIR polymers promote signaling. (3) It is highly likely
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Fig. 1: Interception of NK cell activation by KIR. At the inhibitory synapses formed between KIR+ NK cells and HLA-C+ target cell, KIR clusters
rapidly, in actin-independent manner. The zinc-dependent polymerization of KIR into filaments could contribute to the rapid and actin-
independent KIR clustering at these synapses. The Srk family kinase Lck and Fyn are candidate kinases for ITIM phosphorylation. The protein
Tyr phosphates SHP-1, recruited and activated by its interaction with phospho-ITIMs, dephosphorylates the guanine nucleotide exchange factor
Vav-1. The c-Abl kinase is recruited to the inhibitory synapses through an unknown mechanism. The c-Abl kinase phosphorylates the small
adaptor protein Crk, and dissociates it from a signaling complex (not shown here) formed during activation. Vav-1 dephosphorylation and Crk
phosphorylation contribute to blockage of actin-dependent signals for NK cell activation, and thus could contribute to inhibition of proximal actin-
dependent steps, such as LFA-1 activation (not shown here) and clustering of activating receptors.
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Zn?*-dependent filaments
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Fig. 2: Aworkflow to study T cell response and recognition. T cells will be isolated from blood/gastric mucosa of human subjects, and individual
activated T cells will be sorted into 96-well plates. Each single T cell will be sequenced for T cell receptor (TCR) and > 20 different markers. T cell
clonal expansion and the expression of > 20 different markers will be determined to obtain the functional profiles of T cells. The TCR sequences
will be analyzed computationally to obtain those TCRs that are shared among human subjects sharing HLAalleles. These TCR sequences will be
considered as candidate H. Pylori-relevant ones, which will be used to screen relevant peptide-HLA yeast display libraries to obtain candidate
peptide antigens. Based on these candidate peptides, T cell antigens of H. pylori will be predicted. Those peptides will be then tested for their
abilities to activate T cells expressing the cognate TCRs. Then, HLA tetramers with candidate peptides will be made and used to detect the

cognate T cells in human subjects.
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that other transmembrane receptors also signal as
polymers. KIR is the only known example so far. To
obtain a consolidated understanding of this new
mode of transmembrane signaling, we wish to obtain
and study more examples.

T cell response and recognition in human
Helicobacter pyloriinfection

H. pylori infection is the major cause of
gastroduodenal pathologies that could lead to
chronic gastritis and gastric cancer. T lymphocytes
seem to play the central role in protection as
well as progression of gastritis in H. pylori infections.
Most of the known antigenic proteins of H. pylori
come from cell culture or mice studies, and a few act
as vaccines in mice. However, none of those antigens
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provide protection in human, underscoring the
requirement of identifying T cell antigens of H. pylori
directly from human infections. Many infected
individuals (progressors) do not recover after
antibiotic treatment and develop chronic gastritis.
We wish to discover T cell antigens of H. pylori from
active human infections, to test T cell-based
autoimmune etiology of H. pylori-induced chronic
gastritis, to discover peptide antigens of those self-
reactive T cells (if any), and to understand what kinds
of T cell responses determine whether or not an
infected individual would return to health after
antibiotic treatment against H. pylori. We would use a
newly emerged workflow that involves single cell
sorting, next generation sequencing, and cellular and
protein biochemistry (Figure 2).



Satish Kumar

Functional Genomics using Transgenic and Knockout Mice and

Molecular Approaches in Animal Breeding

From Left to Right: Alok Kumar, Satish Kumar, V Rajesh lyer, Bhim Bahadur Biswa,
Sivapriya Pavuluri, Venkat Bharathy, Niranjani Prakash and Neeraja Chilukoti

RESEARCH INTERESTS:

+  Functional genomics using transgenic and gene knockout
approaches in mice

+  Understanding the genetics of livestock species

“Our group has carried out structural studies of
EchAMP, a monotreme specific antimicrobial
protein from echidna milk. Parallel studies in E.coli
MutS suggest that intracellular concentrations
of this protein impairs correction of GC to AT
transition mutation.”

Selected recent publications

1.

Mitra S, Sameer Kumar GS, Lakshmi BJ, Thakur SS, Kumar
S (2018). Absence of Wdr13 Gene Predisposes Mice to Mild
Social Isolation — Chronic Stress, Leading to Depression-
Like Phenotype Associated With Differential Expression of
Synaptic Proteins. Front. Mol. Neurosci. 133: 1-14.

Bansal M, Moharir SC, Sailasree SP, Sirohi K, Cherukuri S,
Sarathi DP, Lakshmi BJ, Buono M, Kumar S, Swarup G
(2018). Optineurin promotes autophagosome formation by
recruiting the autophagy-related Atg12-5-16L1 complex to
phagophores containing the Wipi2 protein. J. Biol. Chem.
293:132-147.

Singh VP, Katta S, Kumar S (2017). WD-repeat protein
WDR13 is a novel transcriptional regulator of c-Jun and
modulates intestinal homeostasis in mice. BMC Cancer
17:148.

Whitelaw CB, Joshi A, Kumar S, Lillico SG, Proudfoot C
(2016). Genetically engineering milk. J. Dairy Res. 83:3-11.
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Structural studies of EChAMP, a monotreme
specific antimicrobial protein from
Echidna milk

Monotremes, unique egg-laying mammals with the
primitive form of lactation, give birth to hatchlings
which are immunologically naive. Milk secretions of
monotremes are enriched with lineage-specific AMPs
to protect their parchment-shelled eggs before
hatching and immunologically naive young-ones born
after, against a plethora of pathogens present in their
environment. Previous studies from our laboratory
have shown that Echidna anti-microbial protein
(EchAMP), the tenth most abundant protein in the
echidna milk, has anti-bacterial activity (Bisana S et
al., PlosONE, 2013). Further, milk from transgenic
mice expressing EChAMP gene in the mammary
gland showed significant anti-microbial activity and
better immune-modulatory response than the milk
from wild type mice. To delineate the structure of this
protein and understand the mode of anti-microbial
action, we have expressed this gene in E.coli and
purified the corresponding protein. The purified
protein showed anti-microbial activity against both
gram-positive, namely; Bacillus subtilis and
Staphylococcus aureus, and gram-negative bacteria,
namely; Escherichia coli, Pseudomonas aeruginosa,

Salmonella enterica and Enterococcus faecalis. All
these microbial species have been implicated in
mastitis in dairy animals. To further understand the
mode of action of EChAMP, we analyzed the gross
structure of this protein using NMR (Figure 1A). The
2D-HSQC spectra of the "N-labeled protein, peaks
corresponding to the amino acids were clustered
together, implies that EChAMP is an intrinsically
disordered protein. The 2D-HSQC spectra with the
increasing concentrations of GuHCI (2M, 4M, and
6M) led to further tighter clustering of the peaks
suggesting that EchAMP protein is mostly
unstructured with minimal secondary structural
features. (Figure 1A). The far-UV CD and tryptophan
fluorescence based structural analyses also
confirmed that EchAMP possesses intrinsically
disordered structure unlike most of the anti-microbial
proteins. Scanning electron microscopy (SEM) of
bacterial cells after treatment with the EchAMP
protein revealed cell lysis and cytoplasm leaking
implying that EChAMP protein acts on the bacterial
cell surface (Figure 1B & C). Functional and structural
studies using the EchAMP transgenic mice model
system and heterologous bacterial expression
system, demonstrate that EChAMP may be useful
against bacterial infections of the mammary gland in
dairy animals.

with EChAMP protein.

Fig. 1: 2D [1H-15N]-HSQC spectra of 15N-labelled EchAMP protein and microscopic analysis of EchAMP protein on different bacterial strains.
(A) 2D-HSQC spectra of EChAMP Protein, followed by the protein with increasing concentrations of GuHCI 2M, 4M and 6M respectively. The last
one in the row is a superimposed image of all the spectra. (B) Live-dead stain imaging of Gram+ve and Gram-ve species using SYTO 9 and
propidium iodide: Live cells take up SYTO 9 and fluorescence green while dead cells stain red because of propidium iodide. (C) Scanning
electron microscope (SEM) analysis of six different bacterial strains: SEM images of the Gram+ve and Gram-ve bacterial species post-treatment
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Fig. 2: Effect of MutS overexpression.
MutS overexpression was done in
E.coli K12 strain 102BW
(BW27783,lacZE572G(CC102),lacl:Te
f) carrying a chromosomal lacZ allele
for assaying mutations. WT,
represents the strain carrying empty
pBAD18-kan vector. MutS

=33 overexpression was achieved by
cloning E.colimutS gene, with a strong
non-native ribosome binding site, on
p-BAD18-Kan vector. Western Blot
analysis of MutS overexpression in the
stationary phase cells (C); Distribution
of base substitution mutations leading
to rifampicin resistance in MutS
overexpressed condition (A) and WT
(B) Mutation frequency associated
WT ' with /acZ in WT and MutS
overexpressed condition (D);
Differential Interference
contrast(1000X) image of WT cells
grown to saturation in M9-glycerol
medium (E); Differential Interference
contrast (1000X) image of MutS
overexpressing cells grown to
saturation in M9-glycerol medium (F).

Intracellular concentrations of MutS impairs
correction of GC to AT transition mutation in
E.coli

DNA repair proteins play a crucial role in ensuring
replication fidelity and genome maintenance. In a cell,
intra-cellular concentration of any DNA repair protein
is kept under regulation. In E.coli, mutations are
limited to a rate of 10°-10™" per generation through the
high fidelity replicative polymerases and optimized
intracellular pool of DNA repair proteins. Itis relatively
lesser known about how these proteins interact
with their repair targets when they are present
below/above their physiological concentrations.
Hence this study investigates the effects on DNA
repair efficiencies in E.coli when intra-cellular
concentration of MutS, one of the most important
component of post replicative mismatch repair, is
increased beyond physiological levels (Figure 2C). To
assess the DNA repair efficiencies, we measured the
mutations in E.coli RNA polymerase gene (rpoB)
conferring rifampicin resistance. Overexpression of
MutS in wild type E.coliled to a drastic change in the
base substitution spectrum although no marked
difference was seen in mutation frequency with
respect to spontaneous rifampicin resistance. In a
MutS overexpressing population, 59 percent of

mutations leading to rifampicin resistance belonged
to GC to AT transitions, in contrast to the 15 percent
found in the control (Fig.2A and 2B). To further
validate our observation, we utilized a beta-
galactosidase (lacZ) allele, which can enable lactose
utilization only when a GC to AT mutation occurs at its
461% codon. In comparison to the control, this allele
exhibited a 10-fold higher rate of reversion by GC to
AT mutation in presence of higher concentrations of
MutS (Figure 2D). This discrepancy in mutation
frequency between rifampicin and /acZ mutation
assays, could be attributed to the mutation target size
of a single base pair in lacZ as compared to 30
different base pairs, sampling the entire spectrum of
base substitution mutation, in case of rifampicin
resistance. MutS overexpression also led to a cell
elongation phenotype, when grown on minimal M9
glycerol media indicating a cell division defect, a
hallmark of DNA damage induced SOS response in
E.coli. (Figure 2E and 2F).

The MutS overexpression phenotype might be the
reflection of a state where E.coli poses an intrinsic
capability for accumulating mutations of GC to AT
transition type by increasing the intracellular
concentration of MutS, through derepressing MutS
regulation in a small subset of the population. Recent
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studies have shown that multidrug resistant
E.coli bears mutation of GC to AT type in the DNA
gyrase subunit A (gyrA) and there are several
other instances in pathogens like Salmonella
typhi where GC to AT mutations are part of the
base substitution spectrum leading to drug
resistance. Moreover, in yeast, a recent study has
found that overexpression of mismatch repair
proteins causes a mutator phenotype, reflecting
trends similar to our study in E.coli. Since in many
cancers, mismatch repair proteins are present
in higher amount, our study contemplates that
these proteins may aid in cancer progression
ratherthan in DNArepair.

Functional analysis of non-coding DNA
elements in the mammalian casein locus

In mammals, the casein locus consists of stretches of
non-coding DNA, the functions of most of which are
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unknown. These regions are believed to harbour
elements responsible for spatio-temporally regulated
expression of genes in this locus. Thus far, only a few
such elements have been identified. Earlier, we
reported a novel regulatory element in this locus.
Comparative analysis of genomic DNA sequences of
casein loci from different mammals identified an
evolutionarily conserved region (ECR), upstream of
Odam, gene in this locus. The ECR was found in
close proximity of Odam gene in all the mammals
examined. In silico analysis predicted ECR to be a
potential regulatory element. Functional assays in
different cell lines suggested it as a unidirectional
repressor element. To find in vivo function of this
element, we have now created a mouse strain by
deleting this region using CRISPRs. Overtly, the
mutant mice show discolouration of tongue and
incisors. Experiments are underway to characterise
lactation and denture in mutant animals.



Mukesh Lodha

Mechanism of Epigenetic Inheritance in Plants

From Left to Right: Mukesh Lodha, Sharmila Singh, Akanksha Garhewal, Preethi Jampala, Aditya Undru, Shraddha Lahoti, Sai Deep

RESEARCH INTERESTS:
+ Mechanism of inheritance of epigenetic cellular memory

+  Chromatin mediated regulation of developmental genes

“We have a strong interest in elucidating
mechanisms involved in the transmission of
epigenetic memory from one cell to another and
one generation to the next. We use Arabidopsis
thaliana as a model plant and take cell biology,
molecular biology, biochemical and genetic
approaches to address the question of mechanism
of inheritance of epigenetic cellular memory.”

Selected recent publications

1.

Sarma S, Lodha M (2017). Phylogenetic relationship and
domain organisation of SET domain proteins of
Archaeplastida. BMC Plant Biol. 17:238.

Lodha M, Marco CF, Timmermans MCP (2013). Direct
Recruitment of Polycomb Repressive Complex2 by the
Arabidopsis ASYMMETRIC LEAVES Complex. Genes Dev.
27:596 -601.

Husbands AY, Benkovics AH, Nogueira FT, Lodha M,
Timmermans MC (2015). The ASYMMETRIC LEAVES
Complex Employs Multiple Modes of Regulation to Affect
Adaxial-Abaxial Patterning and Leaf Complexity. Plant Cell.
27:3321-3335.

Lodha M, Schulz-Raffelt M, Schroda M (2008). A new assay
for promoter analysis in Chlamydomonas reveals roles for
heat shock elements and the TATA box in HSP70A
promoter-mediated activation of transgene expression.
Eukaryot. Cell 7:172-176.

Lodha M, Schroda M(2005). Analysis of chromatin structure
in the control regions of the Chlamydomonas HSP70A and
RBCS2 genes. Plant Mol. Biol. 59:501-513.
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Epigenetic information is heritable during mitotic and/
meiotic cell divisions but it is not encoded in the
genetic material. It is stable even in the absence of
initial trigger and is reversible to various
extents. Epigenetic regulation is important for
heterochromatin maintenance and euchromatic
gene regulation among many other cellular
processes. We know a fair bit about acquisition of
epigenetic memory but an important question that
remains underexplored is the mechanism of
inheritance of the epigenetic state. We have a strong
interest in elucidating mechanisms of transmission of
epigenetic memory from one cell to another or one
generation to the next. We use Arabidopsis thaliana
as a model plant and take cell biology, molecular
biology, biochemical and genetic approaches to
address the question of mechanism of inheritance of
epigenetic cellular memory. Histone post translational
modifications, DNA methylation and non-coding RNA
can potentially transmit memory during cell division.
As a first step in our understanding the mechanism of
epigenetic inheritance, we are trying to identify
histone tail residues that are important in epigenetic
inheritance. Towards this goal, we have identified
histone tail residues important in inheritance of
epigenetic memory of cold and transmission of
histones during cell division. Preliminarily, histone
H3K27 and S28 are important in epigenetic memory
of cold. Histone H3K23 and K14 are important in
transmission of histone H3 during cell division. We will
test the proteins that are involved in turnover of
histone post translational modifications on the
H3K14, K27, K23 and S28 tail residues for their roles
in inheritance of epigenetic memory. We are also
testing candidate protein complexes like trithorax and
polycomb for their role in inheritance of epigenetic
memory.

A large share of our understanding of epigenetics is
achieved through developmental genes. Our group is
using one of the important developmental regulator,
SHOOT MERISTEMLESS (STM) as a tool to

understand epigenetic regulation in plants. STM is an
important shoot meristem stem cell regulator and a
determining factors in leaf complexity. In simple
leaves species such as Arabidopsis thaliana
STM is expressed in the shoot apical meristem
and is down regulated in leaf primordia. This
downregulation is maintained throughout the leaf
development and is required for proper simple leaf
development. In compound leaf species like
Cardamine hirsuta, tomato and pea, STM down
regulation occurs in leaf primordial but is not
maintained. STM reactivation in developing
leaves is necessary and sufficient for compound
leaf formation. Remarkably, the STM promoter
from Arabidopsis thaliana (simple leaf species)
can recapitulate the simple leaf STM expression
pattern when introduced in Cardamine hirsuta
(compound leaf species). Conversely, the STM
promoter from Cardamine hirsuta can recapitulate
compound leaf expression pattern when
introduced in Arabidopsis thaliana. These
experiments suggest establish that cis regulatory
sequences of Arabidopsis thaliana and Cardamine
hirsuta STM promoters are important in determining
their expression patterns and thereby leaf
complexity. There are indications that STM is down
regulated in the leaf primordia in simple leaf species
like Arabidopsis thaliana by transcriptional
repressors, Polycomb complexes. It is tempting to
hypothesize that cis regulatory elements binding
to PRC2/transcriptional repressors restrict STM
expression only to the shoot apical meristem in
simple leaf species, and such cis regulatory
sequences are absent in compound leaf species.
We are trying to identify and characterize the cis
regulatory elements in the simple leaf species
Arabidopsis thaliana and compound leaf species
Cardamine hirsuta, which allows differential
expression of STM in these two species as model of
leaf complexity in plants and to establish role of
chromatin in differential regulation of STM.

pWOX5:GFP-T35S

Histone H3K12 is involved in inheritance of this histone from one cell to another

pWOX5:H3-T358

pWOX5:H3K14G-T35S
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M M Idris

Bio-mechanisms of Regeneration

RESEARCH INTERESTS:

¢+ Understanding the biomechanism of tissue regeneration in
alternate model animals

* Understanding the molecular perspective in wound healing and
regeneration

+  Understanding the biomechanism of neurodegeneration in
zebrafish ataxia model

* Role of stress in inducing neurodegeneration

“Our group works on understanding the complexity of
developmental biology and neuroscience involved in
the biomechanism of regeneration and degeneration
process. We are trying to unravel the molecular and
genetic aspects involved in tissue regeneration and
degeneration among alternate model animals like
zebrafish, ascidians and echinoderms. Understanding
the bio-mechanisms of regeneration and the
association of various genes (or proteins) in the
regenerating environment is of high significance, as it
might help us engineer non-regenerating systems into
regenerating systems for therapy and healing.
Understanding the regeneration mechanisms among
different model animals might lead to an overall better
understanding ofthe underlying mechanisms.”

MM Idris

Selected recent publications

1. Quoseena M, Vuppaladadium S, Hussain S, Bharathi S, Idris
MM (2018). Functional role of Annexins in Zebrafish Caudal
fin regeneration: A Gene knockdown approach in
regenerating tissue. BioRix\V/ 342228.

2. Babu NS, Murthy CL, Kakara S, Sharma R, Swamy CV, Idris
MM (2016). MPTP induced Parkinson's disease in zebrafish.
Proteomics 16: 1407—-1420.

3. Saxena S, Purushothaman S, Meghah V, Bhatti B, Poruri A,
Meena Lakshmi MG, Babu NS, Murthy CL, Mandal KK,
Kumar A, Idris MM (2016). Role of Annexin gene and its
regulation during zebrafish caudal fin regeneration. Wound
Repair Regen. 24:551-559.

4. Purushothaman S, Saxena S, Meghah V, Swamy CVB,
Ortega-Martinez O, Dupont S, Idris MM (2015).
Transcriptomic and proteomic analyses of Amphiura
filiformis arm tissue-undergoing regeneration. J. Protoemics
112:113-124.

5. Purushothaman S, Saxena S, Meghah V, Meena Lakshmi
MG, Singh SK, Swamy CVB, Idris MM (2015). Proteomic and
gene expression analysis of zebrafish brain undergoing
continuous light/dark stress. J. Sleep Res.24:458-465.
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We are focusing on the regeneration of appendages
in zebrafish, nervous tissues in ascidians and arms in
starfish using proteomics and transcriptomics
approaches. We have identified several proteins
including Annexin 1, 2, and 5 as differentially
regulated or post-translationally modified during
zebrafish caudal fin regeneration. The proteins were
differentially expressed in the regenerating tissues
either immediately after amputation (1-hour post
amputation (hpa)) or later during regeneration (12,
24, 48 and 72 hpa). Similarly, we have identified
several novel transcription factors and epigenetic
modifiers undergoing differential regulation during
regeneration. Role of epigenetic regulatory
mechanisms, such as histone H3 and H4 lysine
acetylation and methylation during zebrafish caudal
fin regeneration were also studied involving ChIP and
RT-PCR assay. More than 700 genes were identified
as differentially regulated in the echinoderm arm
regeneration based on high throughput transcriptome
mapping and nearly 200 proteins were identified as
differentially expressed in the nervous system of
ascidians during regeneration.

Our group recently identified the functional role of
Annexin genes particularly Annexin 2a and 2b gene in
regeneration through a novel CRISPR-Cas9 based
gene knock down approach in the adult zebrafish fin
tissue. We found retarded growth in caudal fin tissue
when Annexin 2a and 2b genes were knocked down

(Figure 1). This was validated through gene
expression analysis and further supported by high-
throughput quantitative proteomic analysis of fin
tissue. Annexin family genes such as ANXA13,
ANXA1a, ANXA5b were also found to be repressed
with their expression. Knocking down of ANXA2a and
2b in regenerating caudal fin tissue accounts to
compromised regenerating capacity as these
genes were found to be involved in cell to cell
communication and extracellular matrix growth. This
study proves that ANXA2a and 2b play a significant
role in epimorphic regeneration of zebrafish caudal fin
tissue.

We are also involved in understanding the
mechanism of degeneration in human intervertebral
disc (degenerative disc disease) and neuro-
degenerative disorders such as spino cerebellar
ataxia (SCA) and Parkinson's disease (PD) in the
zebrafish model. Neurodegeneration, the chronic
breakdown of neuronal structures, is mostly
associated with expansion of CAG ftriplet repeats
leading to aggregation and polymerization of
proteins. Our laboratory aims to understand the
association of expanded triplet repeats (CAG) in the
ataxin SCA3 gene with neurodegeneration based on
transgene approach in zebrafish. We have also
identified the role of chronic unpredictable stress and
chemicals such as MPTP involved in inducing
degeneration of zebrafish nervous system.

Fig. 1: Phenotype of regenerating caudal fin tissue at 5, 7 and 10 dpa electroporated with water, Cas9, ANXA2a and ANXA2b
CRISPR targets. B. Bar diagram detailing the rate of fin tissue growth at respective time points and electroporation.
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M V Jagannadham

Studies on Outer Membrane Vesicles of Bacteria

’-ﬁ

From Left to Right: Deepika Chandra, M V Jagannadham, P Gayathri

RESEARCH INTERESTS: Selected recent publications
+  Structural and functional studies on outer membrane vesicles of 1. Jagannadham MV, Chattopadhyay MK (2018). Therapeutic
bacteria and Biotechnological Importance of Bacterial Vesicles and

. . . . their Inhibitors. Amer. J. Clin. Microbiol.Antimicrob. 1: 1010.
+  Proteomics of an Antarctic bacterium Pseudomonas syringae

Lz4W 2. Jagannadham MV, Kameswari DB, Gayathri P, Nagaraj R
(2018). Detection of peptides with intact phosphate groups
using MALDI TOF/TOF and comparison with the ESI-
MS/MS. Eur. J. Mass Spectrom. 24:231-242.

+ Improving de novo sequencing efficiency of peptides using MS

3. Yadav K, Rao JL, Srinivas R, Nagaraj R, Jagannadham MV
(2018). Characterization ofacetylated histidine b1-ion
structure: A competition between oxazolone and sidechain
imidazole moiety. Eur. J. Mass Spectrom. 24:261-268.

4. Kuchibhotla B, Kola SR, Medicherla JV, Cherukuvada SV,
Dhople VM, Nalam MR(2017). Combinatorial labeling
method for improving peptide fragmentation in mass

“We have shown that membrane vesicles of spectrometry. J. Am. Soc. Mass Spectrom. 28:1216-1226.
Listeria monocytogenes are internalised in to 5. Kulkarni HM, Nagaraj R and Jagannadham MV (2015).
Caco-2 cells by an actin dependent mechanism.” Protective role of E. coli outer membrane vesicles against

antibiotics. Microbiol. Res. 181:1-7.
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Proteomics of an Antarctic bacterium
Pseudomonas syringae Lz4W

(Deepika Chandra, M K Ray and MV Jagannadham)

Pseudomonas syringae Lz4W is a cold-tolerant
bacterium, isolated from an Antarctic lake. It can
survive and grow at 0°C and sub-zero temperatures.
This bacterium is one of the model organisms used at
CSIR-CCMB to elucidate the biochemical and genetic
basis of bacterial cold adaptation. Comparative
proteome analysis of this bacterium grown at low
temperature and at optimum growth temperature
promises insights into the mechanisms involved in
survival of this bacterium at low temperature,
otherwise not conducive for sustainment of life.

Cold adaptation of bacteria offers a challenging field
for investigation with immense potential for
biotechnological applications. Investigations
performed during the last three decades has
engendered a plethora of information from our
laboratory and elsewhere. It has been known that
bacteria that occur at extreme low temperatures
evolve with some mechanisms to sense the changes
in the environmental temperature. They continue
transcription and translation and also maintain the
optimum fluidity of the cell membrane at low
temperatures. The present study was undertaken to
find some more clues to the mechanism of bacterial
cryotolerance and also to explore possible
biotechnological potential of the some of the products
obtained from the cold-adapted bacteria.

Using an Antarctic bacterium Pseudomonas syringae
Lz4W, the temperature dependent expression of
proteins was studied. It was observed that 463 and 86
proteins were specifically expressed in the bacterium
grown at 4°C and 22°C respectively. It was further
revealed that these proteins were involved in various
metabolic processes, signalling and information
storage & processing. The cellular processes for
sustainment of life (viz. transcription, translation)
remained uninterrupted during growth at low
temperature. However, the metabolic activity
decreased in the cold -grown bacterium. It was also
indicated that the oxidative damage caused by the
free radicals generated during adaptation to low
temperature, was regulated by the expression of
some enzymes involved in the repair of DNA in the
cold grown bacteria. Thus it appears that the cellular
processes involved in cold adaptation of bacteria
could be monitored using proteomic approaches. All
the proteins, identified from the bacterium grown at
different temperatures (4°C and 22°C) were
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categorized according to clusters of orthologous
group (COG) classes. It has generally been
observed that the functions could not be predicted
for the 5.8 % of proteins identified from the bacteria
grown at 4°C, and 4% of proteins from the bacteria
grown at 22°C. Interestingly in the case of uniquely
expressing proteins at 4°C, most of the proteins were
either lipoproteins, putative lipoproteins, enzymes
needed for lipopolysaccharide modifications or
membrane proteins. In COG classification cold
adapted proteins were not included. Hence it is
possible that these proteins might have an important
role in cold adaptation. These proteins are mostly
identified as hypothetical proteins.

For the comparative study of uniquely identified
proteins at two different temperatures, all the unique
proteins categorized according to the functional COG
class were plotted as bar charts in the form of
percentage of protein IDs per cog class. Percentage
comparison was performed to identify the variation
in the fraction of proteins in different COG categories.
All the COG classes can further be divided in to 3
groups, A: Proteins involved in cellular processing
and signalling, B: Proteins involved in metabolism,
and C: Proteins involved in storage and processing
of information. Almost all the classes exhibited
enrichment of cellular processing and signalling
group in the fraction of the cells grown at 4°C. Almost
all the classes of proteins involved in metabolism
group exhibited enrichment in protein fractions of the
cells grown at 22°C. Incidentally, we found an
interesting variation that, biosynthesis of another
class of proteins class J (Translation, ribosomal
structure and biogenesis) was increased in the cells
grown at 22°C. The observation appears to be in
keeping with the fact that metabolic activities of the
cell was significantly higher at 22°C compared to the
metabolic activities at 4°C. This is a high metabolic
stage supporter at 22°C or it can be suggested
that it is in agreement with lowered metabolism
at 4°C. Previous research using Multi-Omics studies
involving transcriptomics and proteomics highlighted
the role of metabolic pathways in cold adaptation.
These studies suggest that metabolism is down
regulated under cold conditions. Our studies are in
general corroboration with these observations.

Notably, there is little difference among the fraction of
transcription (Class K) and replication, recombination
and repair (class L) classes. Thus, expression of
genes associated with the essential activities of the
cell is maintained at both room temperature and low
temperature.



Bacterial adaptation to low temperatures
involves in the regulation of membrane fluidity
and changes in the membrane composition
by alteration of membrane protein content.
The present study highlights the decreased
metabolism in the bacteria grown at low
temperatures. It also shows that the oxidative
damages associated with lowering of environmental
temperature are mitigated by expression of some
enzymes involved in the DNArepair.

Structural and functional analysis of
membrane vesicles from Listeria
monocytogenes

(Collaboration with Dr Rajendran, Madurai Kamaraj
University)

Listeria monocytogenes is a gram-positive
intracellular food-borne pathogen that causes
listeriosis in human as well as in animals. The major
symptoms of human listeriosis include meningitis,
septicemia, miscarriage and foetal death. The rate of
fatality among the high-risk group is approximately
20-30%, which is relatively higher among food-borne
diseases. L. monocytogenes infection is acquired by
ingestion of contaminated food and subsequent
invasion of cells in the host duodenum. This pathogen

can also enter the bloodstream and spread
systemically to other organs, including the
placenta and the central nervous system.
L. monocytogenes is widespread in nature,
and it can survive in a wide range of temperature,
pH and osmolarity. It is classified into 13 serotypes,
such as 1/2a, 1/2b, 1/2¢, 3a, 3b, 3c, 4a, 4ab, 4b, 4c,
4d, 4e, and 7 based on the surface antigenic
determinants. Of these, most of the clinical isolates
from the sporadic and outbreak cases in humans
were reported to belong to the serotype 4b, followed
by serotypes 1/2aand 1/2b.

Nano sized membrane vesicle (MVs) produced by of
L. monocytogenes are receiving increasing attention
because of various biological functions performed by
them. In this study, the membrane vesicles (MVs) of L.
monocytogenes were isolated from the supernatants
of the culture. High-resolution electron microscopy
and dynamic light scattering analysis revealed
that L. monocytogenes MVs were spherical with a
diameter of 200 to 300 nm in size. Comprehensive
proteomic analyses of MVs and whole cells of
L. monocytogenes were performed using LC/MS/MS.
Atotal of 1355 and 312 proteins were identified in the
L. monocytogenes cells and MV, respectively. We

Fig. 1: L. monocytogenes MV-
host protein-protein interactions,.
(1) L. monocytogenes secrete
biologically active MVs; (2) MVs
are internalized into the host cell
via actin- dependent endocytosis
pathway; (3) MV carry a cocktail
of proteins and enter to the
endosomal compartment of the
host cell and interact with proteins
related to autophagy (4),
mitochodria (5), cytokines (6) MV
proteins also interact with host
nuclear proteins involved in
NF-kB signaling pathways,
MAPK signaling pathway,
apoptosis (7) Also, MV proteins
interact with inflammasome and
activate pro-inflammatory
response.
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identified that 296 proteins were found in both whole
cells, and MV proteome and 16 proteins were
identified only in the MVs. Also, we have Identified the
virulence factors such as LLO, InIB, autolysin, p60,
NLP/P60 family protein, UPF0356 protein, and
PLC-A that were selectively enriched only in MVs.
Computational prediction of host-MV interactions
revealed a total of 1,841 possible interactions with
the host involving 99 MV proteins and 1513 host
proteins. The Network analysis indicated that
the internalin B, listeriolysin O, ClpB, PepT, GroL
proteins of MVs interact with human proteins
involved in endocytosis, autophagy, immune
response and mitochondrial-mediated apoptotic
pathways. These findings may serve as the basis
for understanding the interactions between MVs of
L. monocytogenes and human host cells at the
molecular level. The possible pathway that mediates
internalization of L. monocytogenes MVs to host cells
and the subsequent pathogenesis mechanisms was
elucidated. Time-course experiments on MVs uptake
in Caco-2 cells using FITC labelled MVs evidenced
lower internalization of LM Ain/BMVs compared to the
wild-type MVs. These findings indicate that MVs from
the in/B mutant might have a significant impact on
vesicle internalization into Caco-2 cells. The in vitro
infection assays showed that the purified MVs
could induce cytotoxicity in Caco-2 cells. Using
endocytosis inhibitors, it was demonstrated
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that MVs were internalized via actin-mediated
endocytosis. Therefore, MVs could act as an
efficient vehicle for delivering the effecter molecules
to host cells during L. monocytogenes infection.
L. monocytogenes MVs serve as a transport
system for virulence-associated components, as the
host cell death is induced by MVs.

Our study demonstrates that L. monocytogenes
MVs provide an important vehicle for the delivery
of bacterial effecter molecules to host cells. We
have found several important virulence factors in
MVs were involved in the interaction with host
cells. Importantly, InIB binds to the entry mechanism
of host cell process. We have validated the
prediction by internalisation assay with wild-type
L. monocytogenes MVs as well as AinlB derived
MVs. Interestingly, we have found a significant
reduction in internalization of AinIB MV's compared to
thatin the WT MVs. To the best of our knowledge, this
is the first demonstration of the mechanism involved
in the internalization of the MVs produced by L.
monocytogenes into the host cells, MV-host
interaction and cytotoxicity of L. monocytogenes MVs
in host cells. Our findings have significantimplications
for the study of pathogenesis in gram-positive
bacteria and also for the development of a new
therapeutic target against L. monocytogenes
infections.
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* Comparative and functional genomics of non-coding DNA 1. Awaru AK, Sowpati DT, Mishra RK (2018). PERF: an

+  Organization & regulation of Hox genes: evolutionary logic of exhaustive algorithm for ultra-fastand efficient identification
animal body plan of microsatellites from large DNA sequences. Bioinformatics
34:943-948.

+  Epigenetic regulation and development
2. Saha P, Sowpati DT, Mishra RK (2018). Epigenomic
and genomic landscape of Drosophila melanogaster
heterochromatic genes. Genomics pii:S0888-
7543(17)30184-2. doi: 10.1016/j.ygeno. 2018.02.001.

3. Sureka R, Wadhwa R, Thakur SS, Pathak RU, Mishra RK
(2018). Comparison of Nuclear Matrix and Mitotic
Chromosome Scaffold proteins in Drosophila S2 cells -

“Our group developed an ultrafast tool, PERF, to Transmission of hallmarks of nuclear organization through
identify microsatellites from large genomes with mitosis. Mol. Cell Proteomics 17: 1965-1978.

109% dccuracy. We aISO_Showed the'lmk betwe_en 4. Dasari V, Srivastava S, Khan S, Mishra RK (2018).
epigenetic factors and aging process in Drosophila. Epigenetic factors Polycomb (Pc) and Suppressor of zeste
And also demonstrated that the Mitotic Chromosome (Su(z)2) negatively regulate longevity in Drosophila-
Scaffold (MiCS) retains 67% of interphase Nuclear melanogaster. Biogerontology 19:33-45.

Matrix (NuMat) proteins during mitotic phase and 5\, p Mishra RK (2018). Little imaginal discs, a Trithorax
MiCS may provide the StrUCtu":al component of group member, is aconstituent of nuclear matrix of
cellular memory to daughter cells. Drosophila melanogasterembryos. J. Biosci. 43:621-633.
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Packaging of genomic DNA has regulatory
consequences on the expression of genes during
development. This regulation is based on chromatin
structure in which organization of coding and non-
coding elements of the genome plays an important
role. Agood example of such regulation is provided by
the Hox cluster that shows a colinearity of gene
expression pattern with the arrangement of the genes
in the cluster, a feature known to be conserved in all
bilaterians. Chromatin domain boundary elements,
the topologically independent structural unit of higher
order chromatin organization, and cellular memory
elements, that maintain the expression state of genes
by means of chromatin structure, regulate the
expression of homeotic genes. Such epigenetic
regulatory mechanisms control genes at many loci in
the eukaryotic genome and have been found to be
conserved during evolution. Our group is interested in
understanding how genetic information in the form of
genomic sequence is interpreted by the
developmental mechanisms and how cell type-
specific packaging of the genome in the context of
nuclear architecture is achieved and maintained
throughout the life of the individual. Some of our
findings during the period of this report are as follows:

PERF: an exhaustive algorithm for ultra-fast
and efficient identification of microsatellites
from large DNA sequences

Microsatellites or Simple Sequence Repeats (SSRs)

are short tandem repeats of DNA motifs present in all
genomes. They have long been used for a variety of

purposes in the areas of population genetics,
genotyping, marker-assisted selection and forensics.
Numerous studies have highlighted their functional
roles in genome organization and gene regulation.
Though several tools are currently available to
identify SSRs from genomic sequences, they have
significant limitations. We present a novel algorithm
called PERF for extremely fast and comprehensive
identification of microsatellites from DNA sequences
of any size. PERF is several fold faster than existing
algorithms and uses up to 5-fold lesser memory. It
provides a clean and flexible command-line interface
to change the default settings, and produces output in
an easily-parseable tab-separated format (Figure 1).
In addition, PERF generates an interactive and stand-
alone HTML report with charts and tables for easy
downstream analysis. PERF is implemented in the
Python programming language. It is freely available
on PyPl under the package name perf_ssr, and can
be installed directly using pip or easy_install. The
source code of PERF is deposited in GitHub at
https://github.com/rkmlab/perf under an MIT license.
(For complete

information please see: Bioinformatics. 2018 Mar
15;34(6):943-948.)

Epigenomic and genomic landscape of
Drosophila melanogaster heterochromatic
genes

Heterochromatin is associated with transcriptional

repression. In contrast, several genes in the
pericentromeric regions of Drosophila melanogaster

S LS e

Fig. 1: Analysis report generated by PERF from the repeats of human genome. (A) Bar chart depicting 10 most frequent repeats in humans.
(B) Relative distribution of repeats in humans, grouped by their motif length (mono-, di-, tri-, tetra-, penta- and hexamers). (C) Relationship
between length and frequency of selected repeats shown as line charts.
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Fig. 2: Distribution of HetMARSs in pericentromeric
heterochromatin with respect to various genic features.

are dependent on this heterochromatic environment
for their expression. We present a comprehensive
analysis of the epigenetic landscape of
heterochromatic genes across all the developmental
stages of Drosophila using the available histone
modification and expression data from
modENCODE. We find that heterochromatic genes
exhibit combinations of active and inactive histone
marks that correspond to their level of expression
during development. We also show that Nuclear
Matrix Associated Regions (MARSs) are prominently
present in the intergenic regions of heterochromatic
genes during embryonic stages suggesting their
plausible role in pericentromeric genome
organization (Figure 2). Taken together, our meta-
analyses of the various genomic datasets suggest
that the epigenomic and genomic landscape of the
heterochromatic genes are distinct, which could be
contributing to their unusual regulatory features as
opposed to the surrounding heterochromatin, which
is repressive in nature. This is the first report of the
dynamic epigenetic landscape of D melanogaster
heterochromatic genes during development. We
present Drosophila Het C-State as a platform for
comprehensive bioinformatics analyses using the
publicly available genomics datasets and bring out
the peculiarities of heterochromatic genes that might
be involved in their regulation. Heterochromatic
genes are also known in mammals and many of them
are expressed during early development and disease
conditions like cancer. We believe that despite the
inherent challenges of studying heterochromatic
sequences due to high repeat content and
compaction, the more experimental evidence is
required to explain these observations. Such studies

will lead us to understand the dynamics of
heterochromatic gene regulation and shed more light
into the dark matter of the genome (Genomics. 2018
Feb 10. pii: S0888-7543(17)30184-2).

Epigenetic factors regulate
Drosophila melanogaster

longevity in

The process of aging is a hallmark of the natural life
span of all organisms. Individuals within a population
show variability in the measures of age related
performance. Longevity and the rate of aging are
influenced by several factors such as genetics,
nutrition, stress, and environment. Many studies have
focused on the genes that impact aging and there is
increasing evidence that epigenetic factors regulate
these genes to control life span. Polycomb (PcG) and
trithorax (trxG) protein complexes maintain the
expression profiles of developmentally important
genes and regulate many cellular processes. We
discovered that mutations of PcG and trxG members
affect the process of aging in Drosophila
melanogaster, with perturbations mostly associated
with retardation in aging. We find that mutations in
polycomb repressive complex (PRC1) components
Pc and Su(z)2 increase fly survival (Figure 3). Using
an inducible UAS-GAL4 system, we show that
this effect is tissue-specific; knockdown in fat body,
but not in muscle or brain tissues, enhances life span

% Survival at day 60

” ;,iﬁ" Foid 3%*@3;@#}’;;3‘ fhef éﬁf‘ EEF

Fig. 3: Most of the PcG and a few of the trxG mutations influence life
span. Life span of female heterozygous mutants of PcG (Pc',
Su(z)”', Sem™™, Sce', E(z)™, esc’, Su(z)™, Pcl", rept™, Phob,
pho®*, grh® lolal™) and trxG mutants (skd', kis', TH™, kto', mor1,
Snr'®®* trx', osa’, brm?, ash1®, ash”) at day 60, compared to
WT females (% survival indicated by dashed line). The average
of two different experiments is plotted (n > 70 in each case,
error bars represent the standard error). Survival [>15% is
indicated by triangles (***p value >0.001, **p value >0.01, *p value
>0.05; log-rank test)
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Fig. 4: Pc and Su(z)2 knock down in fat body enhances life span.
Survival curve of female flies with RNA lines (CG >Pc™, CG
>Su(z)2™) and their genetic controls (CGGAL4/+ , Pc™/+ and
Su(z)2™/+). (a) In CG > Pc™ background median survival is 49
days and maximum survival is 70 days (blue line; n = 161). Control
CGGAL4/+ shows median survival of 35 days and maximum
survival of 57 days (green line; n = 128) while Pc™/+ control shows
median survival of 42 days and maximum survival of 60 days (red
line; n=135). (b) In CG >Su(z)2™“background median survival is 49
days and maximum survival is 88 days (blue line; n = 150), while
CGGAL4/+ control shows median survival of 35 days and maximum
survival of 57 days (green line; n = 128), and Su(z)2""/+ control
shows median survival of 42 days and maximum survival of 57 days
(red line; n = 161). The difference in survival of both the RNAI lines
(CG>Pc™ and CG >Su(z)2™) is significant compared to their
respective controls (p > 0.001, log rank test) however no significant
difference in survival can be found between the two controls (p=0.5,
log rank test).

(Figure 4). We hypothesize that these two proteins
influence life span via pathways independent of their
PRC1 functions, with distinct effects on response to
oxidative stress. Our observations highlight the role of
global epigenetic regulators in determining life span.
We have shown that PcG and trxG members, and
specifically Pc and Suz(2) of the PRC1 complex, play
a distinct role in modulating life span in flies. As these
epigenetic factors show strong evolutionary
conservation, this study has implications for
understanding the general mechanisms that
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contribute to longevity. Our results offer fresh insights
into the role of epigenetic regulators in aging and
open up new possibilities for diagnosis and treatment
of age associated diseases. Recent advances in
epigenetics have helped delineate the mechanisms
that mediate interactions between the environment
and changes in gene expression that can now be
applied to a better understanding of aging.
Establishing roles of various chromatin modulators
and their molecular mechanisms is the first step
towards providing answers to a healthy life span
(Biogerontology. 2018 Feb;19(1):33-45).

Comparison of Nuclear Matrix and Mitotic
Chromosome Scaffold proteins in
Drosophila S2 cells — a potential structural
basis of the cellular memory

Chromatin condenses several folds to form mitotic
chromosomes during cell division and decondenses
post-mitotically to re-occupy their nuclear territory
and regain their specific transcriptional profile in a
precise lineage specific manner. This necessitates
that the features of nuclear architecture and DNA
topology persist through mitosis. We compared
proteomes of nuclease and high salt resistant fraction
of interphase nucleus known as nuclear matrix
(NuMat) and an equivalent biochemical fraction in the
mitotic chromosome known as mitotic chromosome
scaffold (MiCS). Our study elucidates that as much as
67% of the NuMat proteins are retained in the MiCS
indicating that the features of nuclear architecture in
interphase nucleus are retained on the mitotic
chromosomes. Proteins of the NuMat/MiCS have
large dynamic range of MS signal and were detected
in sub-femtomolar amounts. Chromatin/RNA binding
proteins with hydrolase and helicase activity are
highly enriched in NuMat as well as MiCS. While
several transcription factors involved in functioning
of interphase nucleus are present exclusively in
NuMat, protein components responsible for assembly
of membrane-less nuclear bodies are uniquely
retained in MiCS (Figure 5). Our study clearly
indicates that the features of nuclear architecture, in
the structural context of NuMat, are retained in MiCS
and possibly play an important role in maintenance of
cell lineage specific transcriptional status during cell
division and thereby, serve as components of cellular
memory. We conclude that the retention of majority of
NuMat proteins in MiCS might be instrumental in
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Fig. 5: 2D-DIGE analysis of proteins dynamics in NuMat and MiCS. (A) Panels showing the 2D profiles, a. NuMat proteins. b. MiCS proteins.
c. Merged image to show the overlap. d. Internal control. (B) Overlap between NuMat and MiCS proteomes based on DIGE analysis.

transmitting structural and functional information of
nuclear architecture to daughter cells. NuMat proteins
retained in MiCS may also provide structural basis, to
re-establish the nuclear architecture and gene
expression pattern specific to the cell type. This study
gives a flavor of the rich complexity involved in the
multifaceted process of maintaining cellular memory
and serves as a useful resource for future candidate-
based studies. Functional studies on the constituents
of nuclear architecture will be needed to establish the
precise molecular basis of cellular memory (Mol. Cell
Proteomics. 2018 Jul 10. pii: mcp.RA118.000591).

Little imaginal discs, a Trithorax group
member, is a constituent of nuclear matrix of
Drosophila melanogaster embryos

Nuclear Matrix (NuMat) is the structural and
functional framework of the nucleus. It has been
shown that attachment of chromatin to NuMat brings
significant regulation of the transcriptional activity of
particular genes. However, key components of NuMat
involved in this process remain elusive. We have
identified Lid (Little imaginal discs) as one of the
components of NuMat. It belongs to the TrxG group of
proteins involved in activation of important

developmental genes. However, unlike other
activator proteins of TrxG, Lid is a Jumonji protein
involved in H3K4me3 demethylation. Here, we report
the association of Lid and its various domains with
NuMat which implicates its structural role in chromatin
organization and epigenetic basis of cellular memory.
We have found that both N and C terminal regions of
this protein are capable of associating with NuMat.
We have further mapped the association of individual
domains and found that, PHD, ARID and JmjC
domains can associate with NuMat individually.
Moreover, deletion of N-terminal PHD finger does not
alter Lid's NuMat association implying that although it
is sufficient, yet, it is not necessary for Lid's structural
role in NuMat (Figure 6). Based on our findings, we
hypothesize that C terminal region of Lid which
contains PHD fingers might be responsible for its
NuMat association via protein-DNA interactions.
However, for the N terminal region harboring
both a PHD and an ARID finger, Lid anchors to the
NuMat via both protein-protein and protein-DNA
interactions. The association of JmjC domain with
NuMat is the first report of the association of a
demethylase domain with NuMat suggesting
that Lid, a demethylase, being part of NuMat

CCMB Annual Report 2017-2018 | 081



(A) ¥

B)

D)

Fig. 6: Lid is a NuMat component. (A)
Domain map of D. melanogaster Lid
showing all the annotated domains. (B) Full
length Lid protein (~204kD, FL-Lid) tagged
with an N-terminal FLAG tag was
expressed in S2 cells and the total cell
extracts were analyzed by western blotting
with o-FLAG antibody. Blank S2 cells
represent the control set of untransfected
cells. (C) Immunostaining showing full
length Lid expression in S2 cells. While
Lamin (red) is present at the nuclear
periphery, Lid tagged with N-terminal FLAG
(green) is present completely inside the
nucleus. DAPI (blue) shows the DNAin the
nucleus. (D) Silver stain profile of extracts
at each step of NuMat preparation from S2
cells transfected with FL-Lid tagged with an
N-terminal FLAG tag. (E) Western with a-
Lamin and a-H3 for the quality control of
NuMat preparation. Lamin, the known
NuMat protein is retained in the NuMat
preparation, whereas, H3 the non-NuMat
protein is removed in the soluble fraction.
(F) Western with a-FLAG shows the NuMat
association of Lid.

might be involved in regulating the chromatin
dynamics via its NuMat association. We speculate
that Lid may act as an 'adapter' protein between
NuMat and chromatin and, owing to the
presence of a variety of domains, it can interact
with the different chromatin marks to bring such
regions in the context of NuMat. Further
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studies will be needed to address the exact
contribution of Lid to the structure of NuMat,
if any. It will also be interesting to explore
if the demethylase function of JmjC domain
is of functional relevance in the NuMat
context (J. Biosci. 2018, Sep;43(4):621-633).



P Chandra Shekar

Early Embryonic Development in Mouse

From Left to Right: Rajendra Singh, Preeti Mourya, Vishnu Vijay, P Chandra Shekar, Hanuman Kale, Vijayram Ganasala,
Geetika Verma, Nithya Priya, Shahla Thasni C, Mansi Srivastava, Debabrata Jana
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+ Understanding the cross regulation of different pluripotency 1. Fidalgo M, Shekar PC,Ang YS, Fujiwara Y, Orkin SH, Wang J
factors in Pluripotency network to maintain pluripotent state (2011). Zfp281 Functions as a Transcriptional Repressor

for Pluripotency of Mouse Embryonic Stem Cells. Stem Cells
29:1705-1716.

2. Shekar PC, Naim A, Sarathi DP, Kumar S (2011).Argonaute-
2-null embryonic stem cells are retarded in self-renewal and
differentiation. J. Biosci. 36: 649-657.

3. Shekar PC, Goel S, Rani SD, Sarathi DP, Alex JL, Singh S,
Kumar S(2006). k-Casein-deficient mice fail to lactate. Proc.
Natl. Acad. Sci. USA 103: 8000-8005.

+ Understanding the barrier in ES cells for transition from
pluripotent state to totipotent state

“We are trying to understand how cell fate
decisions are made in the early stages of
embryogenesis and during stem cells
differentiation based on the expression levels of
key transcription factors. We use functional
analysis and biochemical approaches to perturb
the transcription factor network to understand
underlying mechanisms.”
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Nanog Wt

Fig. 1: Morphology of the ES cells expression Wt Nanog, Y-F phospho null mutantand Y-E Phosphomimetic mutant. Nanog Y-F mutants ES cells
are poor in selfrenewal and readily differentiate to primitive endoderm like cells (marked by arrow)
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Our group is studying an extended regulatory
network comprising signaling pathways and
transcription factors that maintain the expression
levels of core pluripotency factors in self-renewal
limits. We are using CRISPR based approaches to
achieve site directed point mutations, Knock-in and
deletions in the endogenous locus to engineer
embryonic stem (ES) cells. These ES cell lines can
report the activity of promoters, protein stability and
dynamics of the core pluripotency factors like OCT4
and NANOG.

Regulation of core pluripotency factor nanog
by phosphorylation

Last year our group had shown that Oct4 and
Nanog do not activate each other, instead
decrease in Oct4 levels leads to induction of
Nanog. We had also reported that Nanog
binding on Oct4 promoter does not change with
concentration, however Oct4 binding to nanog
promoter and its activation are dependent on the
concentration of Oct4 protein. The core transcription
factors are not only regulated by transcription
but their protein activity/levels in the cells
are actively maintained by post-translational
modification. We have identified a novel tyrosine
phosphorylation of Nanog, which affects the stability
of Nanog as well as cell fate choice of ES cells. The
phosphomimetic of Nanog at a critical tyrosine
residue destabilizes Nanog and leads to its
degradation and differentiation of ES cells to
primitive endoderm (Fig 1). We are carrying out
tyrosine kinase screens to identify the kinase that
phosphorylates and regulates Nanog stability
and cell fate decision.

CCMB Annual Report 2017-2018 | 084

Nanog auto repression loop

The Nanog mediated auto repression loop
ensures that the expression level of Nanog
does not exceed the normal self-renewal limits.
We have identified a downstream target of
Nanog which gets transcriptionally activated
after just 1 hour of Nanog induction. Further our
experiments suggest that the downstream
target is essential for auto repression of Nanog.
This suggests that Nanog does not repress itself
but it does so through a downstream target gene.
Our experiments have identified a cascade of
events, which lead to repression of Nanog at the
transcriptional and post translational levels.
We are currently carrying out experiments to
understand the various components in the
cascade leading to repression of Nanog in Nanog
high ES cells.

Differentiation of pluripotent ES cells to
trophoblast lineage

ES cells can differentiate into all the 3 germ
layers of the body, namely the ectoderm, mesoderm
and endoderm. However, ES cells cannot give
rise to all extra embryonic layers particularly the
trophoblast. Hence they are not totipotent like
the zygote. We had earlier carried out a small-scale
screen of small molecules to identify culture
conditions which can differentiate ES cells into
trophoblast linage. We had developed a new
culture condition where a small population of
ES cells differentiates to the trophoblast lineage.
The ES cells not only differentiate to a trophoblast
lineage in vitro but they also contributed to the
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Fig. 2: (A) Expression of trophoblast marker Cdx2 in ES cells cultured in presence of small molecules. (B) induction of trophoblast marker Cdx2 in
presence of small molecule. Cdx2 is notinduced in deletion of cis-activator but Cdx2 is hyper induced in cis-repressor deletion.

trophoblast of the developing blastocyst when
treated ES cells are injected into the morula.
Further using genome editing tools, we have
identified the pathways through which the small
molecule operates to induce trophoblast potential
in ES cells. The small molecules intervene in
these repression pathways and potentiate the

ES cells to differentiate to trophoblast linage.
We have identified the cis and trans factors
repressing the trophoblast fate in ES cells (Fig 2).
We are currently improving the efficiency of
trophoblast differentiation by manipulating other
signaling pathways using a combination of small
molecules.
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* Mechanism of protein degradation induced by laminopathic 1. Krishnamoorthy V, Khanna R, Parnaik VK (2018). E3
mutations ubiquitin ligase HECW2 targets PCNA and lamin B1. BBA

Mol. Cell Res. 1865: 1088-1104.

2. Khanna R, Krishnamoorthy V, Parnaik VK (2018). E3
ubiquitin ligase RNF123 targets lamin B1 and lamin-binding
proteins. FEBS J. 285: 2243-2262.

3. Krishnamoorthy V, Khanna R, Parnaik VK (2018). E3
ubiquitin ligase HECW2 mediates the proteasomal
degradation of HP1 isoforms. Biochem. Biophys. Res.
Comm. 503:2478-2484.

4. Chaturvedi P, ParnaikVK (2010). Lamin A rod mutants target
heterochromatin protein 1 and for proteasomal degradation

“We have identified lamin-binding proteins as by activation of F-box protein, FBXW10. PLoS ONE 5:

substrates for E3 ubiquitin ligases RNF123 and €10620.

HECW?2 which are upregulated in cells expressing 5. Parnaik VK (2008). Role of nuclear lamins in nuclear

e organization, cellular signaling and inherited diseases. /nt.
P ’ Rev. Cell Mol. Biol. 266: 157-206.

CCMB Annual Report 2017-2018 | 086



The lamins are a major component of a filamentous
network of proteins termed the nuclear lamina that
lies beneath the inner nuclear membrane in a
metazoan cell. Lamins are important for the
organization of various nuclear functions as well as
chromatin organization. Several studies have
established that lamins interact with key cell cycle and
transcription regulatory factors as well as chromatin
bound proteins. Two major kinds of lamins are
present in higher eukaryotes. The B-type lamins are
expressed in all somatic cell types whereas the
expression of A-type lamins is restricted to
differentiated cells of most lineages. Mutations in the
human lamin A gene (LMNA) have been associated
with at least 15 debilitating inherited diseases,
collectively termed laminopathies, that affect specific
tissues such as skeletal muscle, cardiac muscle,
adipose tissue and bone, and also cause premature
ageing syndromes.

Laminopathic cells are characterized by abnormal
nuclear morphology, loss of peripheral
heterochromatin and defective DNA replication and
repair. Lamin A mutations also lead to alterations
in the stability, levels and localization of several lamin
A-binding proteins such as emerin, nesprin-1q,
retinoblastoma protein (pRb) and heterochromatin
protein 1 (HP1) isoforms a and 8 in mouse models as
well as in cells from patients. We have earlier shown
that laminopathic mutations expressed in cultured
cells can induce ubiquitin-mediated proteasomal
degradation of specific chromatin-binding proteins
such as HP1 isoforms and the DNA damage sensor,
Ataxia-telangiectasia-mutated-and-Rad3-related
(ATR) kinase by activation of specific E3 ubiquitin
ligase components, namely, the monomeric RING
ligase RNF123, the HECT ligase HECW2 and the
substrate adaptor for a multimeric RING ligase
FBXW10. Our current studies described below on the
identification of additional substrates for these ligases
indicate that lamin-binding proteins are important
targets for RNF123 and HECW?2.

We have investigated the role of HECW?2 in targeting
lamin Aand its associated proteins. We observed that
HECW?2 interacts with lamin A and lamin B1 and their
binding proteins, the DNA replication factor
proliferating cell nuclear antigen (PCNA) and HP1
proteins in co-immunoprecipitation assays. Ectopic
expression of HECW2 caused the ubiquitination and
subsequent proteasomal degradation of lamin B1 and
lamin A-binding proteins, PCNA and HP1a and f.
HECW2 mediated the ubiquitination of lamin A but did
not cause its proteasomal degradation. We showed

that these effects are phenocopied in cells
expressing lamin A mutations causing Emery-
Dreifuss Muscular Dystrophy (EMD) such as G232E,
Q294P and R386K. Furthermore, HECW2
overexpression resulted in cell cycle defects, by
stalling cells in S and G2/M phases, increased
genomic instability and UV-induced DNA damage
sensitivity. Cell fractionation studies revealed that
both endogenous and overexpressed HECW2
localized to the nucleus as well as the cytosol and
treatment with nuclear export inhibitor leptomycin B
caused increased nuclear accumulation of
overexpressed HECW2. HECW2 exhibited a distinct
staining at the nuclear rim where it showed a strong
colocalization with lamin A. In summary, our data
establish nuclear-localized HECW?2 as a cognate E3
ligase for lamin A, lamin B1, PCNA and HP1a and §3,
which mediates their ubiquitination leading to either
proteolytic or non-proteolytic outcomes; mutations in
lamin A lead to an upregulation of HECW2 and
thereby significantly reduce the steady-state protein
levels of lamin B1, PCNAand HP1a and B.

We have carried out a proteomics analysis to identify
interacting partners of RNF123 and our investigation
revealed that RNF123 interacts with lamin Aand other
lamin-binding proteins such as lamin B1, lamina-
associated polypeptide 2a (LAP2a) and emerin. Co-
immunoprecipitaion studies indicated that lamin A,
lamin B1, LAP2a, emerin and retinoblastoma protein
(pRb) bound to RNF123. Overexpression of RNF123
caused proteasomal degradation of these proteins,
except for emerin which was mislocalised from the
inner nuclear membrane. Downregulation of
endogenous RNF123 led to increased levels of these
proteins. Higher levels of RNF123 also caused
ubiquitination of lamin B1, LAP2a, pRb and emerin,
and resulted in stalling of the cell cycle in S and G2/M
phases. Importantly, cells expressing EMD lamin
mutants showed lower levels of LAP2a, pRb and
lamin B1. We have thus identified RNF123 as the
cognate E3 ligase for the degradation of lamin B1,
LAP2a and pRb in laminopathic cells. We also
analyzed the effects of FBXW10 and HECW2
overexpression on the cellular levels of RNF123
substrates to examine if there was overlap of
substrate recognition. Barring lower lamin
B1 levels upon HECW2 overexpression, we
did not see any difference in expression levels
of the RNF123 substrates upon FBXW10 or HECW2
overexpression, suggesting that the proteasomal
degradation of pRb and LAP2a is specific to RNF123
whereas lamin B1 could be a common substrate for
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Normal cell

Fig. 1: Schematic model. Disease-causing mutations in lamin A cause widespread defects in nuclear morphology, disruption of lamin-protein and lamin-chromatin
interactions and release of bound proteins. These proteins are degraded in the nucleus by their cognate E3 ubiquitin ligases such as RNF123, HECW2 and

FBXW10 which are upregulated in cells expressing lamin mutants.

RNF123 |
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Lamin 7
mutants
é

FBXW10
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RNF123 and HECW2. We also observed that
PCNA is degraded by RNF123. We have earlier
shown that HP1 isoforms and ATR kinase are
common substrates for all three ligases. Hence, our
results suggest that targeting of key nuclear proteins
to the ubiquitin-proteasome system by one or more
ubiquitin ligases may be animportant consequence of
expression of laminopathic mutations (Figure 1).

Lamin A and lamin-binding proteins form functional
complexes that play critical roles in maintaining
nuclear architecture, as is evident from overlapping
disease phenotypes seen in case of mutations in
lamin A or lamin-binding proteins such as LAP2a and
emerin, which eventually give rise to laminopathies or
envelopathies. The association of lamin and its
interacting proteins is essential for lamin-associated
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signaling and regulation of chromatin dynamics.
Mutations in lamins disrupt these interactions and
cause mislocalization and depletion of a number of
proteins that interact directly or indirectly via
chromatin with lamin A/C. Our present data on the
degradation of lamin-binding proteins in cells
expressing lamin A mutants supports our earlier
proposal that lamin misexpression causes release of
bound proteins that are then targeted for degradation
by their cognate ligases; a higher engagement of the
ligase in the nucleus might induce its increased
expression through feedback mechanisms. Our
findings imply that ubiquitination and degradation of
lamin-binding proteins may contribute to disease-
causing mechanisms in laminopathies by depletion of
key nuclear proteins.



Anant B Patel

Brain Energy Metabolism in Neurological and Psychiatric Disorders

From Left to Right: Pooja, Kamal, Arun, Anant, Sampath, Narayan, Rajan, Dipak, Pravin, Naveleen, Madhuri

RESEARCH INTERESTS:

+  Excitatory and Inhibitory neurotransmission in neurodegenerative
disorders

+  Neuronal and astroglial metabolic activity in psychiatric disorders

“Our research interest lies in development of 13C NMR
methods, and its application to study neurotransmitter
energetics in neurological and psychiatric disorders. We
deciphered that energetics of glutamatergic and GABAergic
neurotransmission is distinct across brain. We discovered
impairment in neurometabolism at preclinical stage of
Alzheimer's Disease that provides novel insight for
development of biomarker in diagnosis of the disease at early
stage. The reduction in neuronal activity in prefrontal-cortex
plays an essential role in pathophysiology of depression. Using
2-fluoro-2-deoxy-D-glucose, we have demonstrated direct
uptake and phosphorylation of glucose in neurons, which
suggests that neuronal glucose-derived pyruvate is the major
oxidative fuel for neurons, not lactate derived from astrocytes
as proposed by Astrocytic Neuronal Lactate Shuttle
hypothesis.”

Selected recent publications

1.

Patel AB, Tiwari V, Veeraiah P, Saba K (2018). Increased
Astroglial Activity and Reduced Neuronal Function across
Brain in ABPP-PS1 Mouse Model of Alzheimer's Disease.
J. Cereb. Blood Flow Metab. 38:1213-1226.

Bagga P, Behar KL, Mason GF, De Feyter HM, Rothman DL,
Patel AB (2014). Characterization of Cerebral Glutamine
Uptake from Blood in the Mouse Brain: Implications for
Metabolic Modeling of “C NMR Data. J. Cereb. Blood Flow
Metab. 34:1666-1672.

Veeraiah P, Noronha JM, Maitra S, Bagga P, Khandelwal N,
Chakravarty S, Kumar A, Patel AB (2014). Dysfunctional
Glutamatergic and GABAergic Activities in Prefrontal Cortex
of Mice in Social Defeat Model of Depression. Biol.
Psychiatry 76:231-238.

Patel AB, Lai JCK, Chowdhury GMI, Hyder F, Rothman DL,
Shulman RG, Behar KL (2014). Direct Evidence for Activity-
Dependent Glucose Phosphorylation in Neurons With
Implications for the Astrocyte-to-Neuron Lactate Shulttle.
Proc. Natl. Acad. Sci. USA 111:5385-5390.

Bagga P, Chugani AN, Varadarajan KS, Patel AB (2013).
In Vivo NMR Studies of Regional Cerebral Energetics
in MPTP Model of Parkinson's disease: Recovery of
Cerebral Metabolism with Acute Levodopa Treatment.
J. Neurochem. 127:365-377.
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The human brain represents only ~2% of the
body weight but it accounts for ~20% of total
energy used by the entire body indicating the
overwhelming energy demands of the brain.
Neurophysiological and metabolic studies have
related brain work in terms of neuronal firing to the
brain energy consumption in the form of glucose
oxidation. Glutamate and gamma-aminobutyric acid
(GABA) are the major excitatory and inhibitory
neurotransmitters, respectively, in the matured
mammalian central nervous system. It has been
well established that neurotransmission is supported
by oxidative glucose metabolism. Our research
interest lies in investigating neurotransmitter
energetics in different neurological conditions
using “C NMR spectroscopy together with an
infusion of “C labeled substrates. Metabolism of
[1,6-"C,]Jglucose in neurons labels glutamate-C4
and GABA-C2, and glutamine-C4 by trafficking of
these neurotransmitter into astrocytes. [2-"°C]
Acetate is selectively transported and metabolized
therein, and labels glutamine-C4. The labeling of
neurotransmitters glutamate-C4 and GABA-C2
occurs via neurotransmitter cycling between astroglia
and neurons. Therefore, “C labeling of glutamate,
GABA and glutamine provides a quantitative estimate
of neuronal and astroglial metabolic activity, and
neurotransmitter cycling in the brain.

Anesthetics play significant role during surgical
interventions. However, their impact on
neurotransmitter energetics is not well understood.
Earlier, we have shown that both urethane and
isoflurane perturbed homeostasis of neuro-
metabolites across brain. In continuation of our efforts
to understand the influence of urethane and
isoflurane on neural function, metabolism of glucose
and acetate have been investigated in C57BL6 mice
anesthetized with either isoflurane (1.2-1.5%) or
urethane (1.5 g/kg, i.p.) for 45 min. The “C labeling of
amino acids (glutamate, GABA, glutamine and
aspartate) from glucose and acetate was decreased
suggesting impairment in the neuronal and astroglial
metabolic activity across brain under both
anesthetics. However, reduction in neuronal
metabolic function was much more compared to that
of astroglial function (Figure 1). Among two
anesthetics, isoflurane has more impact on neuronal
activity (-50%) than under urethane (-30%).
Moreover, the reduction in GABAergic metabolic
function is more than the corresponding
glutamatergic activity in the same brain regions. Our
findings indicate that isoflurane and urethane affect
the glutamatergic, GABAergic and astroglial function
differentially across brain.

We are studying the pathophysiology of Alzheimer's
disease (AD) using chemical and transgenic mouse
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Fig. 1: Effects of isoflurane and urethane anesthesia
on neuronal and astroglial metabolic activity.
Relative change in A. Glutamatergic, B. GABAergic,
and C. Astroglial metabolic activity when compared
with awake.

CCMB Annual Report 2017-2018 | 090



g

{ =@~ Control Female
~©- IxTg-AD Female
~& Control Male
-~ IxTg-AD Male

Escape Latency (s)

1 2 3 4
Training Day

*

# b < 0.01 when AD female Vs Control Female

C. 06 - *_‘* D. 0.4 -
E
E
Q 04 g
°
E 1 -
=
-4
0?2 0.2 4
s

=
o =1

0.0 -

Glu'ergic GABAergic Total

* p < 0.01 when AD Male Vs Control Male 0-

o -
Glu'ergic GABAergic Total

*E e

Fig. 2: A. Learning,
and B. Memory of
3xTg-AD mice at 12
month age. Metabolic
rates of glucose
oxidation in neurons
at C. 12 Month and
D. 18 Month age in
3xTg-AD mice

Escape
Latency

Time spent
inQ4

models. We have previously shown that neural
metabolic activity is perturbed in AD. In order to
understand AD pathology under more realistic
conditions where in addition to AR plaques, tau
tangles are involved, we have evaluated
neurotransmitter metabolism in a triple transgenic
mouse model (3xTg-AD, APP, PS1 and Tau) at 12
months of age. We observed that the learning
capacities of both male and female AD mice were
compromised when compared with the respective
controls (Figure 2A). Moreover, escape latency of AD
mice was higher, and the time spent by AD mice in the
quadrant with platform was lower than controls
(Figure 2B). These data indicate that learning and
memory is compromised in AD mice. The levels of
glutamate and NAA were reduced in the cerebral
cortex of AD males when compared with age matched
controls. There was no significant change in the
neurometabolite levels in female AD. The reduced
incorporation of "°C into glutamate-C4 and aspartate-
C3 from [1, 6-"C,]glucose in male AD mice indicated
impaired glutamatergic activity in the cerebral cortex
and hippocampus of male AD mice (Figure 2C).
Additionally, a reduction in labeling of glutamine-C4
suggested decreased synaptic transmission in AD
mice at 12 month of age. In contrast, metabolic

activity remained unperturbed in female AD mice. The
analysis of neurometabolites at 18 months indicated
decrease in levels of glutamate and NAA, while an
increase in inositol levels in the cerebral cortex and
hippocampus suggested reduced viability of neurons
and inflammation like pathology in female AD mice.
Most interestingly, female AD mice exhibited reduced
C labeling of glutamate-C4 and GABA-C2 from [1, 6-
C,Jglucose indicating reduced metabolic activity of
glutamatergic and GABAergic neurons at 18 months
(Figure 2D). These data together with finding of
unperturbed neurometabolism in female AD mice at
12 months suggest the existence of some
neuroprotective mechanism in females during their
reproductive age, and aggravation of AD in female
aftermenopause.

Addiction is a complex neuropsychiatric condition,
which affects the functioning of the brain. Alcohol
abuse is one of the major health problems leading to
2.5 million deaths annually, and known to cause
impairment of cognitive, psychological, and neural
functions. Nicotine addiction is a psychiatric disorder,
contributes to a large number of chronicillnesses, and
is a leading cause of deaths globally. Studies on
alcohol and nicotine addiction individually indicated
impairment in neuronal and astroglial function. We
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have investigated the impact of co-dependence of
alcohol and nicotine in mouse model. C57BL6
mice were exposed with alcohol (2.5 g/kg),
nicotine (2 mg/kg), and alcohol (2.5 g/kg) plus
nicotine (2 mg/kg) once a day for a month. Chronic
exposure of alcohol leads to an increase in the
“C labeling of glutamate-C4/C3, glutamine-C4
and aspartate-C3 from [1,6-'°C,]glucose.
In contrast, there was a reduction in the labeling of
these amino acids after 48 h withdrawal of alcohol.
These data indicated consumption of alcohol

impaired neuronal activity (Figure 3). Although,
there was no change in the labeling of amino
acids with chronic nicotine exposure, the turnover
of amino acids increased 48 h after nicotine
withdrawal suggesting hyper neuronal activity
under the condition of nicotine withdrawal.
Surprisingly, there was no change in “C labeling of
amino acids in alcohol plus nicotine treated mice
during and after withdrawal of these substances
(Figure 3). This may be due to opposing effects of
alcohol and nicotine on neuronal activity.
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Host-defense Antimicrobial Peptides; Activity and Developing Future Therapeutic Agents
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From left to right : Pratapa Gayatri, R Nagaraj, Taniya Mary Binny

RESEARCH INTERESTS:

+  How the host-defense antimicrobial peptides, defensins exert their
activity and to explore routes of developing them as future
therapeutic agents

+  Structure and applications of nanostructures formed by short
peptides
+  Theoretical analysis of peptide conformation

“Our research on defensins indicate that myristoylated
cationic peptides such as defensin analogs would be
easily amenable for engineering to generate peptides
with improved antimicrobial properties. Also, hollow
peptide superstructures of hydrophobic dipeptides
obtained from organic-aqueous mixtures through
which ftransportation of water, simple ions, and
sequestering of aromatic molecules will be possible.
These peptides have properties that have potential
biological and medical applications in cell uptake,
controlled drug release and targeting of drugs. Our
theoretical analysis of beta turn conformations
indicate that in peptide engineering, for Asn-Gly to
form a B-turn the flanking sequences should be
Judiciously chosen and in general, caution should be
exercised in using propensities that are calculated
merely by the frequency of occurrence in a large
number of protein structures.”

Selected recent publications

Mathew B, Nagaraj R (2017). Variations in the interaction of
human defensins with Escherichia coli: Possible implications
in bacterial killing. PLoS One 12:e0175858.

Subbalakshmi C, Basak P, Nagaraj R (2017).Self-assembly
of t-butyloxycarbonyl protected dipeptide methyl
esters composed of leucine, isoleucine, and valine into
highly organized structures from alcohol and aqueous
alcohol mixtures. Biopolymers 2017 Nov;108(6). doi:
10.1002/bip.23033.

Mathew B, Olli S, Guru A, Nagaraj R (2017). Chimeric
analogs of human B-defensin 1 and 6-defensin disrupt pre-
established bacterial biofilms. Bioorg. Med. Chem. Lett.
27:3264-3266.

Sharadadevi A, Nagaraj R (2017). On the intrinsic propensity
of the Asn-Gly sequence to fold into type I' B-turn: molecular
dynamics simulations of Asn-Gly B-turn containing peptide
sequences. J. Biomol. Struct. Dyn. 22:1-10.

Jagannadham MV, Kameshwari DB, Gayathri P, Nagaraj R
(2018). Detection of peptides with intact phosphate groups
using MALDI TOF/TOF and comparison with the ESI-
MS/MS. Eur. J. Mass Spectrom. (Chichester) 24:231-242.
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