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df© 2017-2018 H$s grEgAmB©Ama- 

grgrE_~r H$s dm{f©H$ [anmoQ>© àñVwV H$aVo

hþE _wPo AË`§V hf© VWm Jm¡ad H$m AZw^d hmo ahm 

h¡Ÿ& `h [anmoQ>© grgrE_~r Ho$ AZwg§YmZ

H$m`©H«$_m| go g§~§{YV J{V{d{Y`m| VWm {ejU, 

à{ejU, {dkmZ H$s »`m{V H$mo ~‹T>mZo, Am{X Ho$ 

{bE {H$E JE nhb H$mo g_m{hV {H$E hþE h¡Ÿ&

grEgAmB©Ama - grgrE_~r AmYw{ZH$ 

Ord{dkmZ Ho$ {OZ joÌm| _| AZwg§YmZ H$a ahm h¡ 

CZ_o em{_b h¢ - (1) {dH$mgmË_H$ Ord{dkmZ 

Ed§ H$mb à^mdZ (2) g§MZmË_H$ Ord{dkmZ (3) 

OrZmo{_Šg VWm ñdmñÏ` (4) H$mo{eH$m VWm

ñQ>o_ H$mo{eH$m Ord{dkmZ (5) nm¡Y Ord{dkmZ 

(6) OrdmUw VWm g§H«$m_U Ord{dkmZ (7) dÝ` 

Ord g§ajU VWm n[a{ñW{V {dkmZŸ& Bg df©, 

h_Zo à{Vajm gob {g¾q„J, µOo~«m{\$e

VWm S´>mogmo{\$bm _m°S>b {gñQ>_ H$m Cn`moJ

H$aHo$ H$mo{eH$s` àgma VWm {^ÞVm O¡go àlm|

go Omo‹S>H$a AnZo H$mo{eH$m VWm {dH$mgmË_H$

O¡d {dkmZ Ho$ KQ>H$m| H$mo gwÑ‹T> {H$`m h¡Ÿ& 

grgrE_~r H$s _yb J{V{d{Y, Omo Ord{dkmZ

_| ~w{Z`mXr emoY H$aZo Am¡a Cg H$m_ Ho$

g§^m{dV AZwà`moJm| H$s Vbme H$aZo Ho$

{bE h¡, Zo {d{^Þ g_yhm| Ho$ VhV Bg

[anmoQ>© _| d{U©V H$B© _hËdnyU© ImoOm| H$mo

OÝ_ {X`m h¡Ÿ&

BZ emoY J{V{d{Y`m| Ho$ A{V[aº$, 

grgrE_~r Zo AnZo BÞmodoeZ h~ (iHUB)

VWm àm¡Úmo{JH$s {dH$mg H$m`©H«$_m| Ho$ _mÚ_ go 

ZdrZrH$aU Am¡a CÚ_erbVm H$mo ~‹T>mdm

XoZo Ho$ {bE EH$ aUZr{VH$ {ZU©` ^r {b`m h¡Ÿ&

Bg {Xem _| _w»` µOmoa iHUB n[aga pñWV AQ>b 

BZŠ`y~oeZ g|Q>a VWm gm_mÝ` AZwg§YmZ d 

VH$ZrH$s {dH$mg h~ _| ñQ>mQ>©Aßg VWm `wdm 

CÚ{_`m| H$m nmofU ahm h¡Ÿ& dV©_mZ _|

bJ^J 15 Eogr H§$n{Z`m§ Bg n[aga _| H$m`©aV

h¢ Am¡a OëX hr Bg_| Am¡a ^r ~‹T>moVar hmoZo H$s

g§^mdZm h¡Ÿ& h_Zo ñdmñÏ` godm Ho$ joÌ _| CÚmoJ 





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, (ii) Structural Biology, (iii) 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  a l so  made  

noteworthy efforts in popularizing science 

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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The objectives of the Centre are:

a) To conduct research in frontier and multi-disciplinary areas of modern biology and to seek potential 

applications of this work.

b) To carry out exploratory work in areas of biology with a view to aid the development of biochemical and 

biological technology in the country on a sound basis.

c) To train people in the advanced areas of biology to serve the needs of development in these areas, 

with special provision for short-term training of staff from other institutions in techniques for which 

adequate facilities may not exist elsewhere.

d) To provide centralized facilities in the country for new and modern techniques in the 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.

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

activities of the Centre.

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

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.

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

Amit Asthana
Applications of Microfluidics, Micro and Nanotechnology in Life Sciences

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

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

2. Ahsan SM, Thomas M, Reddy KK, Sooraparaju SG, Asthana 

A, Bhatnagar I (2018). Chitosan as biomaterial in drug 

delivery and tissue engineering.  110: Int. J. Biol. Macromol.

97-109.

3. Bhatnagar I, 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. 

4. Pham UHT, Hanif M, Asthana A, Iqbal SM (2015). A 

microfluidic device approach to generate hollow alginate 

microfibers with controlled wall thickness and inner diameter. 

J.  117: 214703.Appl. Phy.

5. Micheal IJ, 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.

“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-microfluidic devices, 

SERS based tools for bimolecular detection, generation of 

micro/nano particles for drug delivery and biosensing, 3D 

printing and 3D cell culture devices.”
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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 way of fabricating 

microfluidic devices

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 (ɳ). 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 

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 
Plotter; (D) simple paper origami paper-based devices .
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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  gl iP  concentrat ion,  

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. 

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 to 60%) and (D) glycerol (up to 80%).

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-T hybridization.
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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 

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.  6: 4.Transl. Med.

2. Kanugovi AV, 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.  26: 4523. Mol. Biol Cell.

3. 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. 

4. 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.

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

6. 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.

“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”.

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

A S Sreedhar
Stress Biology and Molecular Medicine



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

INK4a INK4aand 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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f ission, 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 

that Hsp90 rescues cells from chemical hypoxia 
induced toxic effects. Hsp90 also potentiated 
enhanced survival fitness through enhanced 
mitochondr ia l  funct ions such as oxygen
consumption rate and regained mitochondrial 
morphology in a functionally competent state. 
Compared to worms with wild type, hsp90 and hif-1α 
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-α. 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.
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RESEARCH INTERESTS: 

• Transcription by yeast RNA polymerase III

• Epigenetic regulatory mechanisms

• Determinants of Nucleosome positioning

Selected recent publications

1. Shukla A, Bhargava P (2018). Regulation of tRNA gene 

transcription by the chromatin structure and nucleosome 

dynamics.  1861: Biochim. Biophys. Acta Gene Regul. Mech.

295-309.

2. 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 III-transcribed genes in budding yeast. Mol. Biol. 

Cell  27:3164-3177.

3. Vernekar DV, Bhargava P (2015). Yeast Bud27 modulates 

the biogenesis of Rpc128 and Rpc160 subunits and the 

assembly of RNA polymerase III. Biochim. Biophys. Acta 

Gene Regul. Mech. 1849: 1340-1353.

4. Kumar Y, Bhargava P (2013). A unique nucleosome 

arrangement, maintained actively by chromatin remodelers 

facilitates transcription of yeast tRNA genes.  BMC Genom.

14:402. 

5. 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.  39: 4023-4034.Nucl. Acids Res.

“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.”

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

Purnima Bhargava
Epigenetic Mechanisms of Gene Regulation
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regulate the nuclear localization and cytoplasmic 

assembly of the functional pol III. Its deletion affected 

the total levels and ratio of the two largest, core 

subunits of pol III, Rpc160 and Rpc128. Last year, we 

reported the interaction of one of the well-studied 

transcription factor of pol II, Paf1 complex, with the pol 

III transcription complex. We found Paf1 is present at 

different levels on the different pol III-transcribed 

genes and its deletion results in gene-specific 

increase of pol III transcription. A high transcription 

rate of pol III-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 III levels low on the 

genes. The pol III 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 III from its 

pause in a regulated manner.

Apart from Paf1, we found the FACT complex also to 

interact with the pol III transcription complex. The 

FACT complex is required for the transcription 

elongation through the nucleoosmes on pol II-

transcribed genes. It travels with pol II on the genes 

and as a chaperone participates in the exchange of 

histone dimers H2A/H2B. Our genome-wide ChIP-

seq mapping data showed that the FACT subunit 

Spt16 and pol III 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 III at the tRNA gene bodies 

(Figure). We had earlier reported that replication-

independent histone H3/H4 exchange on the pol III-

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 III 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 

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) III. Pol III is dedicated to 

synthesizing the short, stable, non-coding RNAs, 

required for the vital cell processes like translation, 

ribogenesis and mRNA processing. Pol III 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 II, only 3-5 classical DNA-binding 

regulatory proteins are known for the pol III-

transcribed genes. Recent evidences for regulation 

by chromatin-related mechanisms have been 

unraveling novel mechanistic details which have 

positive effect on transcription by pol III.

Using global as well as gene-specific approaches,

we had earlier reported a unique arrangement of 

nucleosomes on all the pol III-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 III-transcribed genes

in vivo. Further, measurement of pol III occupancy 

revealed that in the budding yeast all genes are 

actively transcribed but to different levels. Pol III 

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 III transcription machinery.

A large number of proteins involved in chromatin 

biology, ribogenesis, stress signaling as well as pol II 

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 III and 

CCMB Annual Report   2017-2018  |  014



transcription. This is similar to the reported Spt16 

activity on the pol II-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 III. Spt16 travels with pol III during 

transcription and pol III 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 III. Instead, Spt16 traveling with pol III 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 III, Spt16 has a direct approach to sense the 

transcription status at the pol III-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.

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.

CCMB Annual Report   2017-2018  |  015



RESEARCH INTERESTS: 

• Transcriptional Regulation

• Chromatin Biology and Epigenetics

• mRNA Quality Control 

Selected recent publications

1. Folco HD, et al. (2017). Untimely expression of gametogenic 

genes in vegetative cells causes uniparental disomy”.  Nature

543:126-130.

2. Sugiyama T, et al. (2016). Enhancer of rudimentary 

cooperates with Mmi1 and conserved RNA processing 

factors to promote meiotic mRNA decay and facultative 

heterochromatin assembly.   61: 747-759.Mol. Cell

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 

RNA processing for heterochromatin assembly and for 

telomere maintenance.  155: 1061-1074.Cell

5. Chalamcharla VR, et al. (2010). Nuclear expression of a 

group II intron is consistent with spliceosomal intron 

ancestry.  24: 827-836.Genes Dev.

“Our group aims to understand how transcriptional 

elongation by RNAPII is controlled for genome 

maintenance and regulation, using the fission 

yeast Schizosaccharomyces pombe as a model 

system.”

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

Venkat Chalamcharla
Transcription and Chromatin Regulation
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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 II to 

gene promoters and transcription initiation. However, 

transcriptionally-engaged Pol II frequently pauses 

during elongation, and clearly creates opportunities 

for regulation of nascent RNA abundance and 

processing, mRNA surveillance, and chromatin 

organization. It is now widely accepted that the 

elongation phase of transcription by Pol II 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 II 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 II. 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 II 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. 

Fig. 1: Control of transcriptional pausing by RNA polymerase II
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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

Selected recent publications

1. 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.

2. FlannickJ, et al. (2018). Erratum: Sequence data and 

association statistics from 12,940 type 2 diabetes cases and 

controls.  5:180002. Sci. Data

3. Flannick J, et al. (2017). Sequence data and association 

statistics from 12,940 type 2 diabetes cases and controls. 

Sci. Data 4:170179.

4. 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 12

associated with Type 2 diabetes and its intermediate traits. 

Epigenomics 10: 71-90.

5. 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.  3: 81.BMC Nut.

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

Giriraj Ratan Chandak
Genomic Research on Complex Diseases
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“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 12

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”. 



Fig. 1: Comparison of effect 
allele frequency (EAF) 
between different ethnic 
populations. EGG- Early 
Growth Genetics,
GRC- Genomic Research on 
Complex Diseases (the 
present study), SAS- South 
Asian from 1000 Genome 
Phase 3, EUR- European from 
1000 Genome phase 3. The 
diagonal line indicates the 
perfect correlation between 
two different populations.

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 . 12

Consolidating further on the earlier results and
as a proof of the gene-nutrient interaction, we have 
earlier demonstrated that B  status influences 12

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 

-8significant 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 

-4(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 12

shows sex specific pattern of programming 
in Wistar rat offspring

Maternal B  deficiency plays a vital role in fetal 12

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 12

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 12

conception is associated with higher Insulin 

resistance in their kids at 6 years of age. Further, B  12

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 12

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%).12

As a mimic of the Indian population's B  status, we 12

generated maternal Wistar rat model with moderate 

B  deficiency (27%), assessed its intergenerational 12

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 12

parturition (RP) or their offspring at weaning (RW) 

Fig. 2: Tracking analysis of 
55 birth weight associated 
genetic variants from Early 
Growth Genetics 
Consortium on 
anthropometric traits at 
birth and later 
anthropometric and 
cardiometabolic traits. 
Y-axis is the combined 
genetic effect of 55 SNPs 
on respective traits in 
standard unit. * indicates 
the significant association 
at P < 0.05.

Fig. 3: Generation of maternal vitamin B  deficiency Wistar rat model. (A) Protocol; (B) Plasma vitamin B  levels and (C) Plasma Homocysteine 12 12

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 
the control group; $, p<0.05 as compared to the VR group]
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(Figure 3A). Pups born to B  deficient mothers and 12

continued on deficient diets had significantly lower B  12

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 12

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 XmnI 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. 

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]
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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

Selected recent publications

1. Chakraborty H, Jafurulla M, Clayton AHA, Chattopadhyay A 

(2018). Exploring Oligomeric State of the Serotonin1A 

Receptor utilizing Photobleaching Image Correlation 

Spectroscopy: Implications for Receptor Function. Faraday 

Discussions 207: 409-421.

2. Pal S, Samanta N, Das Mahanta D, Mitra RK, Chattopadhyay 

A (2018). Effect of Phospholipid Headgroup Charge on the 

Structure and Dynamics of Water at the Membrane Interface: 

A Terahertz Spectroscopic Study.  122: J. Phys. Chem. B

5066-5074 (featured on the cover). 

3. Viswanathan G, Jafurulla M, Kumar GA, Raghunand 

TR,Chattopadhyay A (2018). Macrophage Sphingolipids are 

Essential for the Entry of Mycobacteria.  Chem. Phys. Lipids

213: 25-31. 

4. Chaudhuri A, Prasanna X, Agiru P, Chakraborty H, Rydström 

A, Ho JCS, Svanborg C, Sengupta D, Chattopadhyay A 

(2016). Protein-dependent Membrane Interaction of A 

Partially Disordered Protein Complex with Oleic Acid: 

Implications for Cancer Lipidomics.  6: 35015.Sci. Rep.

5. Kumar GA, Roy S, Jafurulla M, Mandal C,Chattopadhyay

A (2016). Statin-induced Chronic Cholesterol Depletion 

Inhibits Leishmania donovani Infection: Relevance of 

Optimum Host Membrane Cholesterol. Biochim. Biophys. 

Acta (Biomembranes)  1858: 2088-2096.

“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.”

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

Amitabha Chattopadhyay
Membrane and Receptor Biology
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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  Receptor1A

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. 1A

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 1A

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 1A

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 1A

demonstrate the specific requirement of membrane 

cholesterol for the function of serotonin  receptor, 1A

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 1A

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 Serotonin1A 

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 serotonin1A 

receptor, a representative GPCR and an important 

drug target. In a recent work, our group (in 

Higher dimer population
Increased ligand binding

Cholesterol
depletion

Cholesterol
replenishment



collaboration with Dr. Andrew Clayton from 

Swinburne University of Technology, Australia) has 

explored cholesterol-dependent oligomerization 

state of the serotonin  receptor utilizing photo 1A

bleaching image correlation spectroscopy (pbICS). 

The results show that serotonin  receptors exhibit a 1A

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.
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RESEARCH INTERESTS: 

• Structural biology of RNA binding proteins

• NMR methods and applications

Selected recent publications

1. Rai U, Sharma R, Deshmukh MV (2018). Accessing 

structure, dynamics and function of biological 

macromolecules by NMR through advances in isotope 

labelling.  https://doi.org/10.1007/s41745-J. Indian Inst. Sci.

018-0085-1. 

2. Chaitanya SC, Aute R, Rai U, Deshmukh MV (2017). DRB4 

dsRBD1 drives dsRNA recognition in Arabidopsis

thaliana tasi/siRNA pathway.  45:Nucl. Acids Res.

8551-8563.

3. Chaitanya SC, Deshmukh MV (2016). Recent Excitements 

in protein NMR: Large proteins and biologically relevant 

dynamics  41: 787-803.J. Biosci.

4. Sharma R, Sahu B, Ray MK, Deshmukh MV (2015). 

Backbone and stereospecific 13C methyl Ile (δ1), Leu and 

Val side-chain chemical shift assignments of Crc. Biomol. 

NMR Assign. 9: 75-79.

5. Chaitanya SC, Deshmukh MV (2014).Structure of RDE-4 

dsRBDs and mutational studies provide insights in the

dsRNA recognition in C. elegans RNAi.  Biochem. Journal.

458: 119-130.

“How do RNA-binding proteins affect post-

transcriptional gene regulation? Our group is 

interested in understanding the role of regulatory 

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.”

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

Mandar V Deshmukh
Post-transcriptional Gene Silencing Mediated by RNA-Binding Proteins
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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 mRNA 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 that it can 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 partner 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 abbba structure where two a helices organize to 

form ana1a2 interface that packs against antiparallel 

b�sheet formed by b1b2b3. 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 a2 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 a linker 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 RNAi 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 

dsRNA binding 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. 
1thaliana and TRBP from H. sapiens. Invariant amino acids are coded in red and residues with >70% conservation are colored in yellow, (B) H-

15 1 15 1 15N-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.



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
1 15H- 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, 
15N 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 a-b-b-b-a fold with

average backbone R. M. S. D. of 0.33 Å (Figure 1E). 

The surface electrostatic potential plot for DRB2D1 

shows an arrangement of a1 anda2 along with H29 

inb1-b2 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 Å. However, structurally DRB2D1 is 

closer to DRB4D1 with backbone R. M. S. D. of 0.95 Å 

(Figure 1F). The surface electrostatic potential

plot for DRB2D1 shows an arrangement ofa1 

anda2along with H29 inb1-b2 loop to form a 

contiguous posit ively 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 RNA regulatory pathway.
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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

Selected recent publications

1. Aloysius A, DasGupta R, Dhawan J (2018).The transcription 

factor Lef1 switches partners from β-catenin to Smad3 

during muscle stem cell quiescence. .11: 540, pii: Sci. Signal

eaan 3000. 

2. Zaveri L, Dhawan J (2018).Cycling to Meet Fate: Connecting 

pluripotency to the cell cycle.  6: 57. Front. Cell Dev. Biol.

3. 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 0

enhances their stem cell characteristics  30: Stem Cell Res.

69-80. 

4. 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.

5. Saleh A, Gunasekaran S, Raychaudhuri S, Dhawan J

(2018). Cytoplasmic sequestration of the RhoA

effector mDiaphanous1 by Prohibitin2 promotes muscle 

differentiation. 283044; doi: https://doi.org/ bioRxiv 

10.1101/283044.

“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.”

From Left to Right (Front row) : Swetha Sundar, Sujoy Deb, Ch Sudhakar, Jyotsna Dhawan, Lamuk Zhaveri
(Back row) : Ajoy Aloysius, Debarya Saha, Ananga Ghosh, A S Priti, Prabhavathy Devan, Gunjan Purohit

Jyotsna Dhawan
Molecular Programs of Quiescence in Adult Stem Cells and Regeneration
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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 0

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 G0

Earlier we reported that promoter-proximal pausing of 

RNA pol II 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 0

stalling contributes to self-renewal (Gala et al, 

bioRxiv, 2018). Over the past year we investigated 

regulators of Pol II 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 0

focused on the mechanism by which Pol II pausing is 

controlled at the G -G  transition.0 1

Secreted ligands such as Wnt are known to be critical 

for muscle cell proliferation. Our earlier studies 

established that threshold levels of Wnt-β-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 β-catenin is dispensable for this pathway 

and instead cross talk between Wnt and TGF β is 

required in G (Aloysius et al, Science Signaling, 0 

2018). Our studies over the past year have revealed 

that this signaling nexus occurs at the level of 

transcription factor interactions: the Wnt effector 

transcription factor Lef1, interacts with β-catenin

in proliferating cells but switches partners from

to the TGFβ effector transcription factor Smad3, 

specifically in G . These molecular interactions could 0

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.

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.
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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
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“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.”

From Left to Right: Love Sharma, Shivam Goyal, S Manu, Mihir Trivedi, M.S. Ram, G Umapathy, 
Vinod Kumar, Suresh Gopi, Deepanwita Purohit, B Neema, K Abirami

G Umapathy
Understanding Species Extinction and Conservation Physiology
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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 I (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 

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.
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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 conflict in 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.
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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 

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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RESEARCH INTERESTS: 

• Population Genetics

• Evolutionary Genetics

• Wildlife Forensics

• Conservation Breeding

• DNA Banking
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Conservation Genetics of Endangered Species of India
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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 DNA markers 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 

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 ( , Sambar deer (Rusa Moschus leucogaster)

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 

UGT1A6 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, I192T, 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 

molecular level.

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 

Fig. 1: Alignment of amino acid sequences of Exon 4 of Amylase gene
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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 

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.

Fig. 2: A: Indian star tortoise (Geochelone elegans), B & C: confiscated Indian Star Tortoises (Source: from internet)
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RESEARCH INTERESTS: 

• Understanding the regulatory mechanisms that provide the 

preferential advantage to viral translation

• Regulation of antiviral pathways in innate immunity against 

viruses
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Host-Virus Interactions: Molecular Perspectives

CCMB Annual Report   2017-2018  |  041

“Our group has found that HCV NS5A activates 

host translation machinery through a unique 

interaction between cap binding protein

eIF4E and 40S ribosome and Non-canonical

GSK-3β pathway plays a crucial role in a

typical EMT.”



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 eIF4E,

(ii) limiting its activity through modifications and

(iii) limiting the recycling of ternary complex that 
tRNAdelivers 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 eIF4G 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. 

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 eIF4E.

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 

of these antiviral pathways. 
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RESEARCH INTERESTS: 

• Bioinformatics

• Protein sequence/structure analysis

• Protein structure prediction & three-dimensional modeling

• Protein function prediction

• Drug-design

Selected recent publications

1. 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.

2. Sridhar S, Dash P, Guruprasad K (2016). Comparative 

analyses of the proteins from Mycobacterium tuberculosis 

and human genomes: Identification of potential tuberculosis 

drug targets.  579:69-74.Gene

3. Sharada Devi A, Nagaraj R (2017). On the intrinsic

propensity of the Asn-Gly sequence to fold into

type I′ β-turn: molecular  dynamics simulations of  Asn-Gly

β-turn   containing peptide sequences.  J. Biomol Struct. Dyn.

DOI: 10.1080/ 07391102.2017.1403958.
“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.”

From Left to Right: K Guruprasad, A Sharada Devi

K Guruprasad
Protein Sequence, Structure Analysis and Drug Design
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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 - Rv0642c with the cancer drug 

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 
β-turn containing peptide sequences

Short peptides populate β-turn conformation in 

solution along with random conformation. The 

residues with high propensity in β-turns play key role 

in stabilizing β-hairpin conformation. The turn 

sequences, Asn-Gly promote type I' turn 
Dconformation less effectively than Pro-Gly 

sequence. Type I' β-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 Cαi-Cαi+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' β-turn in 

isolation. 
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Fig. 1: A. Predicted model of MTX drug bound to M.tb
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.

Fig. 2: The dihedral angle (j,ψ) plots depicting the density 
distribution  of the angles for  turn residues (Asn-Gly) for (A) P1fiq, 
(B) P1m73, (C) P1osy, (D) P1uh7. The dihedral angles for Asn and 
Gly are represented by blue and red dots, respectively.



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

Selected recent publications

1. Nakatsuka N, Moorjani P, Rai N, Sarkar B, Tandon A, Patterson 
N, Bhavani GS, Girisha KM, Mustak MS, Srinivasan S, 
Kaushik A, Vahab SA, Jagadeesh SM, Satyamoorthy K, Singh 
L, Reich D, Thangaraj K (2017).The promise of discovering 
population-specific disease-associated genes in South Asia. 
Nat. Genet. 49: 1403-1407.

2. Chaubey G, Ayub Q, Rai N, Prakash S, Mushrif-Tripathy V, 
Mezzavilla M, Pathak AK, Tamang R, Firasat S, Reidla M, 
Karmin M, Rani DS, Reddy AG, Parik J, Metspalu E, Rootsi S, 
Dalal K, Khaliq S, Mehdi SQ, Singh L, Metspalu M, Kivisild T, 
Tyler-Smith C, Villems R, Thangaraj K (2017). "Like sugar in 
milk": reconstructing the genetic history of the Parsi 
population.  18:110.Genome Biol.

3. Chaubey G, Tamang R, Pennarun E, Dubey P, Rai N, 
Upadhyay RK, Meena RP, Patel JR, van Driem G, Thangaraj 
K, Metspalu M, Villems R (2017). Reconstructing the 
population history of the largest tribe of India: the Dravidian 
speaking Gond.  25:493-498. Eur. J. Hum. Genet.

4. Mishra A, Nizammuddin S, Mallick CB, Singh S, Prakash S, 
Siddiqui NA, Rai N, Carlus SJ, Sudhakar DV, Tripathi VP, Möls 
M, Kim-Howard X, Dewangan H, Mishra A, Reddy AG, Roy B, 
Pandey K, Chaubey G, Das P, Nath SK, Singh L, Thangaraj K 
(2017). Genotype-Phenotype Study of the Middle Gangetic 
Plain in India Shows Association of rs2470102 with Skin 
Pigmentation.  137:670-677.J. Invest. Dermatol.

5. Tamang R, Chaubey G, Nandan A, Govindaraj P, Singh VK, 
Rai N, Mallick CB, Sharma V, Sharma VK, Shah AM, 
Lalremruata A, Reddy AG, Rani DS, Doviah P, Negi N, Hadid Y, 
Pande V, Vishnupriya S, van Driem G, Behar DM, Sharma T, 
Singh L, Villems R, Thangaraj K (2018). Reconstructing the 
demographic history of the Himalayan and adjoining 
populations. 137:129-139.Hum. Genet. 

“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.”

K Thangaraj
Evolutionary and Medical Genetics
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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 

statistical analyses have suggested a closer link of 

the Himalayan and adjoining populations to East Asia 

rather than to their immediate 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 
thArabians. Later, Cholas ruled the islands in 11  

th thcentury, Portuguese in 16  Century, Ali Rajahs in 17 , 
thTipu Sultan in the 18  and finally it was under the 
thBritish 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. 

Fig. 1: A. The Geographical location of populations those were 
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).
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The influences of genes, the environment, 

and social factors on the evolution of skin 

color diversity 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 

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 usual ly classif ied 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 (TK2), deoxyguanosine kinase 

(DGUOK), mitochondrial inner membrane protein 

(MPV17), polymerase gamma (POLG) and 

Fig. 2: A. Geographical map of 
Lakshadweep Islands. 
B. The spatial distribution of 
regional maternal (mtDNA) 
components into Lakshadweep 
islands in comparison with 
other neighbouring populations. 
C. The spatial distribution of 
regional paternal 
(Y chromosome) components 
into Lakshadweep islands in 
comparison with other 
neighbouring populations.
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chromosome 10 open reading frame 2 (C10orf2). 

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 I (n = 50, 60%), multiple complexes

(n=24, 27%), complex IV (n=8, 9%) and complex III 

deficiencies (n=3, 4%). The most common 

neurological f indings 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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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 
c.121C>T (p.R41W) in patient.  
The parents and brother of patient 
were unaffected carriers with 
c.121C>T mutation.



RESEARCH INTERESTS: 

• Chromosomal and genetic evaluation of infertile men, recurrent 

pregnancy loss

• Genetics of reproductive dysfunction in women

• Characterizing chromosome breakpoints associated with infertility

• Prenatal diagnosis for chromosome disorders

Selected recent publications

1. Aswini S, Kanakavalli MK, Venkata Padmalatha O, Anuradha 

D, Chandra RS, Lakshmi Rao K (2017). De novo ̀ pure' partial 

trisomy (6)(p22.3→pter) - a case report and review of the 

literature,  26:26-32.Clinical Dysmorphology

“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.”

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

Lakshmi Rao Kandukuri
Chromosome Disorders Diagnosis and Human Reproductive Genetics
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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 
st stparents [1  cousins], grandparents [1  cousins] and 

stgreat-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 

that are 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,XO/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 

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, III, IV, V indicates 
the possibility of inheritance as autosomal recessive 
pattern in the patient.
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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 

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 result in 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. 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 q arm of one of the chromosome 9, E: Chromosome 
break in the mid q arm of chromosome X.
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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, benefits,

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 benefits,

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]. 

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: LSI SatIII 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.
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RESEARCH INTERESTS: 

• Unravelling deregulated epigenetic regulatory mechanisms in 

neural gene function using mouse models of neuropsychiatric 

disorders

• Engaged in CNS drug discovery

Selected recent publications

1. Leighton LJ, Khandelwal N, Kumar A, Bredy TW, Wei W, et al. (2018). A 

Functional Role for the Epigenetic Regulator ING1 in Activity-induced 

Gene Expression in Primary Cortical Neurons.  369:248-260.Neurosci.

2. Leighton LJ, Khandelwal N, Kumar A, Bredy Timothy W (2018).

Hippocampal knockdown of Piwil1 and Piwil2 enhances contextual

fear memory in mice.  preprint first posted online Apr. 11, 2018; doi: BioRxiv

http://dx.doi.org/10.1101/298570.

3. Pathak SS, et al. (2017). Histone lysine demethylases of JMJD2 or KDM4 

family are important epigenetic regulators in reward circuitry in the 

etiopathology of depression. . 42: 854-863.Neuropsychopharm

4. Chakravarty S, et al. (2017). Insights into the epigenetic mechanisms 

involving histone lysine methylation and demethylation in ischemia 

induced damage and repair has therapeutic implication. Biochim Biophys 

Acta. Mol. Basis Dis.1863:152-164. 

5. 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.

Sci. Rep. 7: 1492.

“The lab is engaged in unravelling deregulated 

epigenetic regulatory mechanisms in chronic 

neuropsychiatric diseases, in particular alcohol 

addiction, depression and comorbid dementia.”

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

Arvind Kumar
Uncovering Histone based and Non-coding RNA based Epigenetic Regulatory Mechanisms 
in Complex Neuropsychiatric Disorders
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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 PRMT5 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 PIWIl1, 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 

(PIWIl1, 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 PIWIl1 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.). In a 

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 translational front, the group has actively

been involved in CNS drug discovery, searching

for potential neurotrophic, neurogenic and

anti-neuroinflammatory small molecules (Joshi PC

et al. 2017).
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RESEARCH INTERESTS: 

· Role of wnt deregulators  in EMT and development of colon 

cancer

· MicroRNAs as novel biomarkers for early detection of breast 

cancer

· Biological drug discovery and delivery to cancer models

Selected recent publications

1. Katoch A,Suklabaidya S, Chakraborty S, Nayak D, Rasool 
RU, Sharma D, Mukherjee D, Faheem MM, Kumar A, 
Sharma PR, Senapati S, Kumar LD, Goswami A(2018). Dual 
Role of Par-4 in abrogation of EMT and switching on 
Mesenchymal to Epithelial Transition (MET) in metastatic 
pancreatic cancer cells.  57:1102-1115.Mol. Carcinog.

2. RasoolRU,Rasool RU, Nayak D, Chakraborty S, Faheem 
MM, Rah B, Mahajan P, Gopinath V, Katoch A, Iqra Z, Yousuf 
SK, Mukherjee D, Kumar LD, Nargotra A, Goswami A(2017). 
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, Ali A, Kumar LD, Goswami A (2017). Inhibition of 
Twist1-mediated invasion by Chk2 promotes premature 
senescence in p53-defective cancer cells.  Cell Death Differ.
24:1275-1287.

4. Kumar LD, Goswami A (2017). From Bench to Bedside: Role 
of 3-AWA (3-Azido Withaferin A) to Override Drug Resistance 
in Cancer by Switching Autophagy to Apoptosis. EC Pharm. 
Toxicol. 4: 35-37.

5. Tangudu NK, Tangudu NK, Verma VK, Clemons TD,
Beevi SS, Hay T, Mahidhara G, Raja M, Nair RA, Alexander 
LE, Patel AB, Jose J, Smith NM, Zdyrko B, Bourdoncle A, 
Luzinov I, Iyer KS, Clarke AR, Dinesh Kumar L (2015). RNA 
Interference Using c-Myc-Conjugated Nanoparticles 
Suppresses Breast and Colorectal Cancer Models. Mol. 
Cancer Therap. 14:1259-1269.

“Our group showed that over expression of 

Receptor Tyrosine Kinase Ephb4 in different 

grades and stages of human colon cancer along 

with c-Myc with simultaneous downregulation of E-

cadherin suggests its involvement in epithelial 

mesenchymal transition (EMT). Also,�translocation 

of β-catenin from cytoplasm to nucleus indicates 

the deregulation of Wnt pathway, however the 

direct role of Ephb4 in EMT is being investigated.”

From Left to Right: Aparna Golani, Khushboo Kourani, Aviral Kumar, Lekha Dinesh Kumar, Surabhi Kumari, Yamini Meshram

Lekha Dinesh Kumar
Role of Wnt Signalling in EMT and Development of Colon Cancer
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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-β, 

MAPK, apoptotic pathways, however direct role of 

wnt signaling pathway is not clear. 

Wnt 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 a result of a 

mutation in the Wnt/βcatenin pathway which in turn is 

critical towards colorectal cancer (CRC) progression. 

The key factor involved in this signaling pathway

lies in the stabilization of β-catenin and its interaction 

with TCF transcription factors within the nucleus. In 

cytoplasm the β-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 β-catenin which leads to nuclear 

translocation and activation of target genes 

responsible for the Wnt activation. Constitutive 

transcription by the β-catenin/Tcf complex has been 

recognized as the key step for initiation 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 β-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 I 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 β-Catenin in different grades of human colon cancer

Normal tissue Well differentiated

Moderately differentiated Poorly differentiated



thereby EMT, many up regulated genes from the array 

analysis were tested for their expression profile in 

human colorectal cancers. Immunohistochemical 

analysis of β-catenin in different grades of colon 

cancer revealed that the cytoplasmic β-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 β-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) 

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

Normal tissue Well differentiated

Moderately differentiated Poorly differentiated
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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.

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

Normal tissue Well differentiated

Moderately differentiated Poorly differentiated

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

Fig. 4: RNA in situ hybridization of 
EphB4 in human colon cancer 
tissues using RNAscope

Normal tissue Well differentiated

Moderately differentiated Poorly differentiated

Normal tissue Stage I

Stage II Stage III Stage IV
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RESEARCH INTERESTS: 

• Cell division and Embryonic Development 

• Mitotic disorders – microcephaly, aneuploidy

• Zebrafish embryonic development 

• High throughput genetic screening 

Selected recent publications

1. Mahale P, Kumar M, Sharma A, Babu A, Ranjan S, 

Sachidanandan C and Mylavarapu VS (2016). The Light 

Intermediate Chain 2 Subpopulation of Dynein Regulates 

Mitotic Spindle Orientation. . 6:22.Sci. Rep

2. Kumar M, Pushpa K, Mylavarapu VS. (2015). Splitting the 

cell, building the organism: Mechanisms of cell division in 

metazoan embryos.   67:575-87IUBMB Life

3. Kumar M, Chapman S (2012). Cloning and expression 

analysis of Fgf5, 6 and 7 during early chick development. 

Gene Exp. Patt. 12: 245-253.

4. Kumar M, Ray P, Chapman S (2012). Fibroblast growth 

factor and Bone morphogenetic protein signaling are 

required for specifying prechondrogenic identity in neural 

crest-derived mesenchyme and initiating the chondrogenic 

program.  241:1091-1103.Dev. Dyn.

“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 signalling 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.”

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

Megha Kumar
Cell Mechanisms Regulating Embryonic Development 
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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 

technical ly chal lenging with toxic i ty 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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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

Selected recent publications

1. Kumar S, Jain S (2018). Immune signaling by 

supramolecular assemblies. (In press).Immunology 

2. Kumar S (2018). Natural killer cell cytotoxicity and its 

regulation by inhibitory receptors. 154: 383-393.Immunology 

3. Kumar S, Rajagopalan S, Sarkar P, Dorward DW, Peterson 

ME, Liao H, Guillermier C, Steinhauser ML, Vogel SS, Long 

EO (2016). Zinc-induced polymerization of killer-cell Ig-like 

receptor into filaments promotes its inhibitory function at 

cytotoxic immunological synapses.   62: 21-33.Mol. Cell

4. Kumar S, Sarkar P, Sim MJW, Rajagopalan S, Vogel SS, 

Long EO (2015). A single amino acid change in inhibitory 

killer cell Ig-like receptor results in constitutive receptor self-

association and phosphorylation. 194: 817-826.J. Immunol. 

“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.

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

Santosh Kumar
Receptor Signalling and Immune Response
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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 killer-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 
2+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 

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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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 pylori infection

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 

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).

Fig. 2: A workflow 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 HLA alleles. 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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RESEARCH INTERESTS: 

• Functional genomics using transgenic and gene knockout 

approaches in mice

• Understanding the genetics of livestock species

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.  133: 1-14.Front. Mol. Neurosci.

2. 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.

3. 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.

4. Whitelaw CB, Joshi A, Kumar S, Lillico SG, Proudfoot C 

(2016). Genetically engineering milk.  83:3-11.J. Dairy Res.

“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.”

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

Satish Kumar
Functional Genomics using Transgenic and Knockout Mice and 
Molecular Approaches in Animal Breeding
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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 naïve. Milk secretions of 

monotremes are enriched with lineage-specific AMPs 

to protect their parchment-shelled eggs before 

hatching and immunologically naïve 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 
152D-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 GuHCl (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.

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 GuHCl 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 
with EchAMP protein.
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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 
-9 -11limited to a rate of 10 -10  per generation through the 

high fidelity replicative polymerases and optimized 

intracellular pool of DNA repair proteins. It is 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.coli led 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 
st461  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 lacZ 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 

Fig. 2: Effect of MutS overexpression. 
MutS overexpression was done in 
E.coli K12 strain 102BW 
(BW27783,lacZE572G(CC102),lacI:Te
t) carrying a chromosomal lacZ allele 
for assaying mutations. WT, 
represents the strain carrying empty 
pBAD18-kan vector. MutS 
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 
with lacZ 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). 
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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

rather than in DNA repair.

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 

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.
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RESEARCH INTERESTS: 

• Mechanism of inheritance of epigenetic cellular memory

• Chromatin mediated regulation of developmental genes

Selected recent publications

1. Sarma S, Lodha M (2017). Phylogenetic relationship and 

domain organisation of SET domain proteins of 

Archaeplastida. 17:238.BMC Plant Biol. 

2. Lodha M, Marco CF, Timmermans MCP (2013). Direct 

Recruitment of Polycomb Repressive Complex2 by the 

Arabidopsis ASYMMETRIC LEAVES Complex. Genes Dev. 

27:596 -601.

3. 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.

4. 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.

5. Lodha M, Schroda M(2005). Analysis of chromatin structure 

in the control regions of the Chlamydomonas HSP70A and 

RBCS2 genes.  59:501-513.Plant Mol. Biol.

“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.”

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

Mukesh Lodha
Mechanism of Epigenetic Inheritance in Plants
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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 pWOX5:H3-T35S pWOX5:H3K14G-T35S

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

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. 342228.BioRixV 

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. .24: 458-465.J. Sleep Res

“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 of the underlying mechanisms.”

MM Idris

M M Idris
Bio-mechanisms of Regeneration
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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 triplet 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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RESEARCH INTERESTS: 

• Structural and functional studies on outer membrane vesicles of 

bacteria

• Proteomics of an Antarctic bacterium Pseudomonas syringae 

Lz4W

• Improving de novo sequencing efficiency of peptides using MS

Selected recent publications

1. Jagannadham MV, Chattopadhyay MK (2018). Therapeutic 

and Biotechnological Importance of Bacterial Vesicles and 

their Inhibitors. 1: 1010.Amer. J. Clin. Microbiol.Antimicrob. 

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.  24: 231-242.Eur. J. Mass Spectrom.

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. . 24: 261-268.Eur. J. Mass Spectrom

4. Kuchibhotla B, Kola SR, Medicherla JV, Cherukuvada SV, 

Dhople VM, Nalam MR(2017). Combinatorial labeling 

method for improving peptide fragmentation in mass 

spectrometry. 28: 1216-1226.J. Am. Soc. Mass Spectrom. 

5. Kulkarni HM, Nagaraj R and Jagannadham MV (2015). 

Protective role of E. coli outer membrane vesicles against 

antibiotics.  181: 1-7.Microbiol. Res.

“We have shown that membrane vesicles of 

Listeria monocytogenes are internalised in to 

Caco-2 cells by an actin dependent mechanism.”

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

M V Jagannadham
Studies on Outer Membrane Vesicles of Bacteria
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Proteomics of an Antarctic bacterium 

Pseudomonas syringae Lz4W 

(Deepika Chandra, M K Ray and M V Jagannadham)

Pseudomonas syringae Lz4W is a cold-tolerant 

bacterium, isolated from an Antarctic lake. It can 
0survive 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 
o ogrown 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 

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
oat 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.
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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 DNA repair. 

Structural and functional analysis of 
m e m b r a n e  v e s i c l e s  f r o m  L i s t e r i a  
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, 1/2c, 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 1/2a and 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. 

A total of 1355 and 312 proteins were identified in the 

L. monocytogenes cells and MV, respectively. We 
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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 s igna l ing pathway,  
apoptosis (7) Also, MV proteins 
interact with inflammasome and 
ac t i va te  p ro - in f lammatory  
response.



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, InlB, 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 ∆inlB MVs compared to the 

wild-type MVs. These findings indicate that MVs from 

the inlB 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

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, InlB 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 ∆inlB derived

MVs. Interestingly, we have found a significant 

reduction in internalization of ∆inlB MVs compared to 

that in 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 significant implications 

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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RESEARCH INTERESTS: 

• Comparative and functional genomics of non-coding DNA

• Organization & regulation of Hox genes: evolutionary logic of 

animal body plan

• Epigenetic regulation and development

Selected recent publications

1. Avvaru AK, Sowpati DT, Mishra RK (2018). PERF: an 

exhaustive algorithm for ultra-fastand efficient identification

of microsatellites from large DNA sequences.  Bioinformatics

34:943-948. 

2. Saha P, Sowpati DT, Mishra RK (2018). Epigenomic

and genomic landscape of Drosophila melanogaster 

he te rochromat ic  genes .   p i i :S0888-Genomics

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 -

Transmission of hallmarks of nuclear organization through 

mitosis. 17: 1965-1978.Mol. Cell Proteomics 

4. Dasari V, Srivastava S, Khan S, Mishra RK (2018). 

Epigenetic factors Polycomb (Pc) and Suppressor of zeste 

(Su(z)2) negatively regulate longevity in Drosophila-

melanogaster. Biogerontology 19:33-45.

5. Varma P, Mishra RK (2018). Little imaginal discs, a Trithorax 

group member, is aconstituent of nuclear matrix of 

Drosophila melanogaster embryos.  43:621-633.J. Biosci.

“Our group developed an ultrafast tool, PERF, to 
identify microsatellites from large genomes with 
100% accuracy.�We also showed the link between 
epigenetic factors and aging process in Drosophila. 
And also demonstrated that the Mitotic Chromosome 
Scaffold (MiCS) retains 67% of interphase Nuclear 
Matrix (NuMat) proteins during mitotic phase and 
MiCS may provide the structural component of 
cellular memory to daughter cells.”

From Left to Right: Titus Ponrathnam, M Nisha, Shagufta Khan, Sofia Banu, Parna Saha, Mohd Rabi Bazaz, Runa Hamid, M L  Arvinda Swamy, K Ramachandra Rao,
Divya Tej Sowpati, Surabhi Srivastava, Sangam, Mrunal Kulkarni, Rakesh K Mishra, Avinash Srivastava, Ravina Saini, Soujanya M S, A Srinivasan,

Mandar Naik, Gopal Kushawah, Rahul Sureka, Nikhil Hajirnis, K Sashi Kumar, Fathima Athar, K Phanindhar, V Bharathi, Ashish Bihani, A Akshay Kumar

Rakesh K Mishra
Genome Organization and Epigenetic Regulation
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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. A good 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 PyPI 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 

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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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 

mod i f i ca t ion  and  express ion  da ta  f rom 

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 (MARs) 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 longevity in 

Drosophila melanogaster

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 

Fig. 2: Distribution of HetMARs in pericentromeric 
heterochromatin with respect to various genic features. 

Fig. 3: Most of the PcG and a few of the trxG mutations influence life 
1span. Life span of female heterozygous mutants of PcG (Pc , 

21 R5-13B 1 731 2 123 T1 D35Su(z) , Scm , Sce , E(z) , esc , Su(z) , Pcl , rept , Phob, 
l81A B37 39c 1 1 R85 1pho , grh , lolal ) and trxG mutants (skd , kis , Trl , kto , mor1, 
101319 1 2 2 B1 21Snr , 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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(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 

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 Scaf fo ld  prote ins  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 

Fig. 4: Pc and Su(z)2 knock down in fat body enhances life span. 
RNAiSurvival curve of female flies with RNAi lines (CG >Pc , CG 

RNAi RNAi>Su(z)2 ) and their genetic controls (CGGAL4/+ , Pc /+ and 
RNAi RNAi 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 

RNAisurvival of 57 days (green line; n = 128) while Pc /+ control shows 
median survival of 42 days and maximum survival of 60 days (red 

RNAi 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 

RNAisurvival 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 

RNAi RNAi(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).
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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

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.
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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

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).

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 α-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 DNA in 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 α-
Lamin and α-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 α-FLAG shows the NuMat 
association of Lid.
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RESEARCH INTERESTS: 

• Understanding the cross regulation of different pluripotency 

factors in Pluripotency network to maintain pluripotent state

• Understanding the barrier in ES cells for transition from 

pluripotent state to totipotent state

Selected recent publications

1. Fidalgo M, Shekar PC, Ang YS, Fujiwara Y, Orkin SH, Wang J 

(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.  36: 649-657.J. Biosci.

3. Shekar PC, Goel S, Rani SD, Sarathi DP, Alex JL, Singh S, 

Kumar S(2006). κ-Casein-deficient mice fail to lactate. Proc. 

Natl. Acad. Sci. USA 103: 8000-8005.

“We are trying to understand how cell fate 

decisions are made in the early stages of 

embryogenesis and dur ing stem cel ls  

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.”

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

P Chandra Shekar
Early Embryonic Development in Mouse
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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.

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 

Fig. 1: Morphology of the ES cells expression Wt Nanog, Y-F phospho null mutant and Y-E Phosphomimetic mutant. Nanog Y-F mutants ES cells 
are poor in self renewal and readily differentiate to primitive endoderm like cells (marked by arrow)
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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.

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 not induced in deletion of cis-activator but Cdx2 is hyper induced in cis-repressor deletion.
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RESEARCH INTERESTS: 

• Mechanism of protein degradation induced by laminopathic 
mutations

Selected recent publications

1. Krishnamoorthy V, Khanna R, Parnaik VK (2018). E3 

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.  285: 2243-2262.FEBS J.

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 

by activation of F-box protein, FBXW10.  5: PLoS ONE

e10620.

5. Parnaik VK (2008). Role of nuclear lamins in nuclear 

organization, cellular signaling and inherited diseases. Int. 

Rev. Cell Mol. Biol. 266: 157-206. 

“We have identified lamin-binding proteins as 

substrates for E3 ubiquitin ligases RNF123 and 

HECW2 which are upregulated in cells expressing 

laminopathic mutations.”

Veena K Parnaik
Nuclear Organization and Lamin Biology
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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 

nuc lear  morpho logy,  loss  o f  per iphera l  

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-1α, 

retinoblastoma protein (pRb) and heterochromatin 

protein 1 (HP1) isoforms α and β 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 HECW2. 

We have investigated the role of HECW2 in targeting 

lamin A and its associated proteins. We observed that 

HECW2 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 HP1α and β. 

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 HECW2 as a cognate E3 

ligase for lamin A, lamin B1, PCNA and HP1α and β, 

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, PCNA and HP1α and β.

We have carried out a proteomics analysis to identify 

interacting partners of RNF123 and our investigation 

revealed that RNF123 interacts with lamin A and other 

lamin-binding proteins such as lamin B1, lamina-

associated polypeptide 2α (LAP2α) and emerin. Co-

immunoprecipitaion studies indicated that lamin A, 

lamin B1, LAP2α, 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, LAP2α, 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 LAP2α, pRb and 

lamin B1. We have thus identified RNF123 as the 

cognate E3 ligase for the degradation of lamin B1, 

LAP2α 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 LAP2α is specific to RNF123 

whereas lamin B1 could be a common substrate for 
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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 an important 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 LAP2α and 

emerin, which eventually give rise to laminopathies or 

envelopathies. The association of lamin and its 

interacting proteins is essential for lamin-associated 

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.

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.
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RESEARCH INTERESTS: 

• Excitatory and Inhibitory neurotransmission in neurodegenerative 

disorders

• Neuronal and astroglial metabolic activity in psychiatric disorders

Selected recent publications

1. Patel AB, Tiwari V, Veeraiah P, Saba K (2018). Increased 

Astroglial Activity and Reduced Neuronal Function across 

Brain in AβPP-PS1 Mouse Model of Alzheimer's Disease.

J. Cereb. Blood Flow Metab. 38:1213-1226.

2. 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 
13Metabolic Modeling of C NMR Data. J. Cereb. Blood Flow 

Metab. 34:1666-1672. 

3. 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.

4. 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 Shuttle. 

Proc. Natl. Acad. Sci. USA 111:5385-5390.

5. 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. 

“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.”

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

Anant B Patel
Brain Energy Metabolism in Neurological and Psychiatric Disorders
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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
13using C NMR spectroscopy together with an

13infusion of C labeled substrates. Metabolism of
13[1,6- C ]glucose in neurons labels glutamate-C42

and GABA-C2, and glutamine-C4 by trafficking of 
13these 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 
13and 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 

in tervent ions.  However,  the i r  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 
13urethane (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 

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.
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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 Aβ 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 
13incorporation of C into glutamate-C4 and aspartate-

13C3 from [1, 6- C ]glucose in male AD mice indicated 2

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 
13C labeling of glutamate-C4 and GABA-C2 from [1, 6-
13C ]glucose indicating reduced metabolic activity of 2

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 

after menopause.

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 chronic illnesses, and 

is a leading cause of deaths globally. Studies on 

alcohol and nicotine addiction individually indicated 

impairment in neuronal and astroglial function. We 

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 
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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
13C labeling of glutamate-C4/C3, glutamine-C4

1 3and aspartate-C3 from [1,6- C ]glucose.2

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. 
13Surprisingly, 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.  

Fig. 3: Effects of alcohol 
and nicotine dependence 
in metabolic rates of 
glucose oxidation in mice 
A. During and B. after 
48 h withdrawal.
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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

Selected recent publications

1. Mathew B, Nagaraj R (2017). Variations in the interaction of 

human defensins with Escherichia coli: Possible implications 

in bacterial killing. 12:e0175858.PLoS One 

2. 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.  2017 Nov;108(6). doi: Biopolymers

10.1002/bip.23033.

3. Mathew B, Olli S, Guru A, Nagaraj R (2017). Chimeric 

analogs of human β-defensin 1 and θ-defensin disrupt pre-

established bacterial biofilms.  Bioorg. Med. Chem. Lett.

27:3264-3266.

4. Sharadadevi A, Nagaraj R (2017). On the intrinsic propensity 

of the Asn-Gly sequence to fold into type I' β-turn: molecular 

dynamics simulations of Asn-Gly β-turn containing peptide 

sequences.  22: 1-10. J. Biomol. Struct. Dyn.

5. 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.  24:231-242. Eur. J. Mass Spectrom. (Chichester)

“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 transportation 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 β-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.”

From left to right :  Pratapa Gayatri, R Nagaraj, Taniya Mary Binny

R Nagaraj
Host-defense Antimicrobial Peptides; Activity and Developing Future Therapeutic Agents
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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

Short peptides composed of phenylalanine and 

sequences derived from amyloidogenic peptides 

have the ability to self-assemble to form 

nanostructures including hydrogels. The self-

assembly of peptides composed of only hydrophobic 

amino acids and aliphatic protecting groups have not 

been investigated in detail. In order to get more 

insights into the self-assembly of uncharged aliphatic 

peptides, particularly in the non-crystalline state, we 

have examined the ability of Boc-protected aliphatic 

dipeptides with varying combination of hydrophobic 

amino acids (Val, Ile and Leu), where π–π and charge 

interactions are not possible, to self-associate and 

form organized structures when dissolved in organic 

solvents.

The peptides studied form tubular or needle-like 

structures when dissolved in methanol (MeOH), 

trifluoroethanol (TFE), hexafluoroisopropanol (HFIP) 

and their aqueous mixtures. The nanostructures are 

not identical for the peptides, indicating that the side-

chains play a role in modulating the structure of the 

self-assembled structures. The solvent in which self-

assembly occurs, plays an important role in 

determining the morphology of the self-assembled 

peptides. In the dipeptides where intramolecular 

hydrogen bonds are unlikely to occur, intermolecular 

hydrogen bonding and hydrophobic interactions are 

important determinants of superstructures. 

Interaction between peptide molecules would be 

modulated strongly by physico-chemical properties of 

the solvents such as dielectric constant and ability to 

act as hydrogen bond donor or acceptor. Both TFE 

and HFIP have lower dielectric constants as 

compared to MeOH. The hydrophobic nature of the 

fluoroalkyl groups in TFE and HFIP would modulate 

the self-assembly of the hydrophobic dipeptides. 

Moreover, TFE is a good proton donor and could also 

affect intermolecular hydrogen bonding. However, 

HFIP has the least dielectric constant and does not 

allow hydrogen bonding. These solvent effects would 

not be observed in MeOH. In 50 and 10% organic 

aqueous mixtures, the dielectric constants of MeOH, 

TFE and HFIP are comparable. Hence, drastic 

differences in the structures from these solvents are 

not observed. The positions of the peaks in the FTIR 

spectra indicate extensive hydrogen bonding, 

necessarily intermolecular, β-sheet conformation of 

oligomers. The position of the bands also indicate the 

presence of strong and weak hydrogen bonds which 

results in differences in the nanostructures between 

the peptides. The positions of the bands suggest β-

sheet structures with regions of disorder. The circular 

dichroism spectra suggest that the peptides self-

associate and are organized in β-conformation and 

corroborated with the structures determined by FTIR 

for dried peptide films. 

Our results clearly indicate that aromatic interactions 

or the presence of charges or crystallization are not 

essential in dipeptides to self-assemble and form 

highly ordered structures and interact with aromatic 

dyes. Hydrophobic interactions between the side-

chains of the aliphatic amino acids play an important 

role in the self-assembly process, as distinctive 

structures are obtained in mixtures of aqueous and 

organic solvents. The nanostructures can also 

effectively bind to aromatic dyes including those that 

bind to super structures where the molecules are in β-

conformation such as Congo red and Thioflavin T, 

though amyloid fibril morphology is absent. These 

hollow superstructures obtained from organic-

aqueous mixtures through which transportation of 

water, simple ions, and sequestering of aromatic 

molecules may be possible. The properties and 

Fig. 1: Boc-Protected Dipeptide Methyl Esters
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potential biological and medical applications of these 

peptides in cell uptake, controlled drug release and 

targeting of drugs can be explored, as these short 

peptides can be prepared easily in a simple and cost-

effective manner, due to their easily tunable 

biophysical and biochemical properties and their 

inherent biodegradable nature.

Hydrophobicity by N-terminal myristoylation 
on the antibacterial and hemolytic activities 
of the C-terminal cationic segments of 
human-β-defensins 1-3

Mammalian α and β defensins are crucial 

components of host-defense. Although they all

have a common structural motif comprising of

three β-strands, their antimicrobial potencies and 

specificities vary considerably. Host-defense 

antimicrobial peptides could conceivably be attractive 

candidates for development as therapeutic agents, as 

resistance to therapeutic antibiotics is a serious 

problem in clinical medicine. While defensins are 

crucial components of host-defense, their lengths

and complexities in the form of multiple disulfide 

bonds, require generation of variants with less 

complexity but without compromising antimicrobial 

activity and absence of cytotoxicity, for possible 

therapeutic applications. The addition of a fatty acyl 

chain to an amphipathic peptide can promote

the formation of secondary structure when in contact 

with the bacterial membrane which would result in 

enhanced membrane permeabilization. There are 

fewer reports describing the effect of N-terminal 

myristoylation on antibacterial activity, although

this modification is extensively observed in

proteins, but not in the context of antibacterial

activity. Earlier, we had reported that C-terminal 

segments of human-β-defensins HBD1-3 analogs, 

with having majority of cationic residues present

in native defensins, containing a single disulfide

bond (Phd1-3), exhibited antimicrobial activity

that was, however, attenuated in the presence

of high NaCl. It would be interesting to examine

the effect of enhancing hydrophobicity of active

β-defensin analogs with varying number of

cationic residues, by N-terminal myristoylation,

which will favor association with membranes.

It is known that interaction of cationic antibacterial 

peptides with the membrane surface is an

important step in microbial killing. In the present 

study, N-terminal myristoylation was carried out

on Phd1-3 analogs (sequences shown in Table) in 

order to explore whether myristoylation would 

enhance their antibacterial activity and modulate their 

salt sensitivity.

Sequences of non-myristoylated and 
myristoylated C-terminal segments of 

human-β-defensins HBD1-3

  Peptide Sequence Net Charge

Phd1  ACPIFTKIQGTYRGKAKCK +5

Phd2  FCPRRYKQIGTGLPGTKCK  +5

Phd3  SCLPKEEQIGKSTRGRKCRRKK  +7

Mphd1  Myr- ACPIFTKIQGTYRGKAKCK  +4

Mphd2  Myr- FCPRRYKQIGTGLPGTKCK  +4

Mphd3  Myr- SCLPKEEQIGKSTRGRKCRRKK  +6

Myr  Myristic acid

Underline indicates disulfide bond. Net charge is at neutral pH.

MPhd1-3 showed enhanced antimicrobial potency. 

TEM images indicated that at lower concentration 

they caused greater damage to E. coli as compared

to Phd1-3. Myristoylation favours stronger interaction 

with the bacterial cell surface, which is reflected

from positive zeta potential values. The stronger 

interaction does not arise due to the peptide chain 

folding into ordered conformation in the presence

of hydrophobic environment. Insertion of the fatty

acyl chain in the bacterial membrane provides an 

anchor favoring greater electrostatic interaction 

between the peptide chain and the negatively 

charged bacterial cell surface. This also resulted

in activity in the presence of salt for MPhd1 and 2.

In the case of MPhd3, the lack of activity against

E. coli but not S. aureus in the presence of NaCl

could be due to differences in the architecture

of their cellular surfaces. It is conceivable that

higher net positive charge in MPhd3 has a role in 

modulating antibacterial activity against E. coli.

Since MPhd2 and 3 do not adopt ordered 

conformation and the structure of MPhd1 is not 

altered in the presence of DTT, it is not surprising that 

MPhd1r-3r are active against E. coli and S. aureus 

mid-log phase cells. Phd1-3 as well as MPhd1-3 

showed activity against stationary phase of S. aureus 

similar to parent peptides HBD1-3. It has been shown 

earlier that stationary phase of S. aureus are more 

susceptible to HBD1-3 as compared to exponential 

phase cells. The lack of activity of MPhd1r-3r against 

stationary phase E. coli could arise due to prominent 

CCMB Annual Report   2017-2018  |  095



differences in cellular physiology particularly altered 

membrane composition in the stationary phase. 

Differences in the surface architecture of E.coli and S. 

aureus could be the reason for observed differences 

in activity of MPhd1r-3r against stationary phase cells 

as well as MPhd3 activity against E.coli in the 

presence of salt. 

Thus, N-terminal myristoylation of mammalian 

defensin analogs, rich in cationic residues as in the 

case of Phd1-3, results in improved antibacterial 

activity particularly in the presence of NaCl and 

stationary phase S. aureus. However, hemolytic 

activity is observed for MPhd1-3 that is sequence 

dependent unlike antibacterial activity. Lys-rich 

MPhd1 exhibited greater hemolytic activity

followed by MPhd3 and MPhd2. Since position

of the cationic residues in the peptide sequence 

appears to be less stringent for exhibiting 

antibacterial activity, myristoylation could be 

engineered to eliminate hemolytic activity taking cues 

from the lower hemolytic activity of MPhd2. 

Alternately, formulations could be designed so that 

only antibacterial activity is observed. Strength of the 

interaction of myristoyl peptides with membranes 

would be modulated by the basic residues in the 

peptide chain. Hence, we are of the opinion that 

myristoylated cationic peptides such as defensin 

analogs would be more amenable for engineering

to generate peptides with improved antimicrobial 

properties. Unlike model peptides that may

exhibit immune response on fatty acylation, host-

defense peptides such as cationic segments of 

defensins are not likely to elicit immune responses, 

and could be attractive candidates for development 

as therapeutic agents.

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

The structural motif, the β-turn, first identified by 

Venkatachalam is defined by four residues at 

positions i to i+3. β-Turns have been classified based 

on back bone dihedral angles φ,ψ of residues 

occupying positions i+1 and i+2. β-Turns are 

important structural components in proteins,

playing a crucial role in peptide chain reversal and in 

the formation of β-hairpin structures. Analyses of 

protein crystal structures have provided important 

insights into the positional preferences of the

20-coded amino acids in different types of β-turns.  

Clear preference of certain amino acids to occur in 

positions i+1 and i+2 have emerged from these 

studies. Of particular interest is the type I' β-turn

which is abundant among the β-turns observed in 

Fig. 2: Antibacterial and hemolytic activities of myristoylated C-terminal segments of HBD1-3
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proteins. In this type of β-turn, the ideal φ, ψ values 

are allowed only in a small region in the 

Ramachandran map of L-amino acids except

for Gly. Analysis of the positional preference for

amino acids in the i+1 and i+2 positions indicate

that Asn is favoured in i+1 and Gly at i+2 as compared 

to other amino acids, in type I' β-turn. Short peptides 

appear to populate β-turn conformation in solution 

along with random conformation. The residues that 

have high propensity to occur in β-turns play an 

important role in stabilizing β-hairpin conformation. In 

short peptides, the turn sequences, Asn-Gly does 

promote type I' turn conformation though not as 
Deffectively as the Pro-Gly sequence. Although type I' 

β-turn with Asn-Gly as the turn sequence is found 

extensively in peptide segments in proteins, 

computational investigations on the folding of short 

peptides containing Asn-Gly as the turn sequence 

have not been extensive. In addition, these studies 

have been carried out with model peptides.

We have examined whether peptide segments that 

are part of protein structures with type I' Asn-Gly turn, 

fold into type I' β-turn conformation in isolation, by 

Molecular Dynamics Simulations (MDS). The 

sequences investigated were extracted from

crystal structures in the Protein Data Bank (PDB)

that were queried for strand-turn-strand geometry,

but without bias towards a β-hairpin conformation. 

The starting structures were in fully extended 

conformation. Our study clearly indicates that

the Asn-Gly sequence does not have high

propensity to form type I' β-turn from an

extended conformation in short peptides. It is
Dunlikely the Pro-Gly or Pro-Gly sequences, which 

forms type II or II' β-turns with the flanking residues 

form beta-strands. Type I' β-turn formation for the 

Asn-Gly sequence requires β-strand formation

in flanking region that is stabilized by hydrophobic 

interactions and back bone hydrogen bonding.

Thus, in peptide engineering, for Asn-Gly to form

a β-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.
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RESEARCH INTERESTS: 

• How do misfolded proteins promote proteotoxicity?

• Why are protein-misfolding diseases prevalent during aging?
Selected recent publications

1. Rawat S, Valpadashi A, Jha M, Sreedurgalakshmi K, Ghosh 

A, Ganguly D, Raychaudhuri S (2018). Proteostasis

perturbation destabilizes respiratory complex assembly-

intermediates via aggregation of subunits.  312793;  bioRxiv

doi: https://doi.org/10.1101/312793.

2. Raychaudhuri S, Banerjee R, Mukhopadhyay S, 

Bhattacharyya NP (2014). Conserved C-terminal nascent 

peptide binding domain of HYPK facilitates its chaperone like 

activity.  39:1-14. J. Biosci.

3. Raychaudhuri S, Loew C, Koerner R, Pinkert S, Theis M, 

Hayer-Hartl M, Buchholz F, Hartl FU (2014). Interplay

of Acetyltransferase EP300 and the Proteasome

System in Regulating Heat Shock Transcription Factor 1. 

Cell 156:975-985.

4. Gupta R, Kasturi P, Bracher A, Loew C, Zheng M, Villella A, 

Garza D, Hartl FU, Raychaudhuri S (2011). Firefly

luciferase mutants as sensors of proteome stress. Nat. 

Methods 8:879-884.

“Inside a cell, numerous proteins interact with each 

other to form a 'society'; the so-called 'cellular 

proteome'. Such 'protein-societies' are responsible 

for proper functioning of every cell. Any deviation 

from the functional conformation/concentration of a 

'single member-protein' may negatively affect the 

organization of the 'society' and lead to gradual 

functional impairment. This is called 'proteotoxic-

collapse' and is often true for many age-related 

diseases. We are interested in understanding the 

coordination of the proteins towards a functional 

proteome and the defence-mechanisms in the face 

of proteotoxic events.”

From Left to Right: Shemin Mansuri, Swasti Raychaudhuri, Shivali Rawat, Debodyuti Mondal, Ch Jagdeshwar Reddy, Harshit Vaish, P Vijaya, Suparna Ghosh

Swasti Raychaudhuri
Proteotoxicity in Age-related Diseases
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Cancer, diabetes, cardio-vascular diseases and 

several neurodegenerative disorders represent the 

majority of the protein-misfolding related health-

setbacks in the aging population. For example, in 

each of the neurodegenerative disorders known, a 

“symptomatic-protein” misfolds and damages the 

protein homeostasis in the nerve cells in various 

ways. Formation of toxic aggregates of the Islet 

Amyloid Polypeptide (IAPP) contributes to β-cell 

dysfunction and diabetes. Soluble pre-amyloid 

oligomers are present in the cardiomyocytes of many 

human heart failure samples. Chronic, uncontrolled 

protein misfolding and resultant abnormal heat

shock protein load is known to foster tumour 

development. Importantly, loss-of-function of the 

misfolded proteins is not likely to be the major reason 

behind proteotoxicity. Rather, several common 

protein-metabolic pathways (starting from protein 

synthesis, folding, transport to degradation) are 

perturbed in all these diseases. This common 

pathogenic modality offers unique opportunity to 

discover novel drug-targets that could be useful in 

ameliorating multiple proteotoxic conditions; 

however, systemic investigations are emergent.

In our lab, we are interested in studying the impact of 

symptomatic misfolding-prone proteins on the cellular 

proteome using different protein-misfolding disease 

models. The novelty of our approach relies on the 

identification of exclusive molecular players which 

could be targeted in multiple diseases. Currently, we 

are using mutant versions of α-synuclein (responsible 

for familial Parkinson's disease), Ubiquilin-2 

(Amyotrophic Lateral Sclerosis), Huntingtin 

(Huntington's disease) and FlucDM-EGFP as model 

misfolding-prone proteins. Several cell-lines 

conditionally expressing these misfolding-prone 

proteins have been generated. Multiple chemical 

biology tools and quantitative proteomics protocols to 

study the proteostasis changes in these cell-lines 

have been successfully standardized. Pilot 

experiments to study the impact of protein-misfolding 

on the soluble and functional proteome, activation of 

stress response and protein degradation etc. have 

been initiated. These investigations will lead to:

o Understanding the mechanism of proteotoxicity in 

protein-misfolding diseases

o Identification of novel drug targets

o Development of multi-dimensional, high-

throughput small-molecule screening platforms 
for protein-misfolding diseases

Proteotoxicity by α-Synuclein

We use α-Synuclein (SNCA) expressing cell-culture 

models to study proteotoxicity. Duplications and 

triplications of this gene as well as mutations in the N-

terminal region (such as A53T, A30P, E46K) cause 

aggregation of this protein resulting in a range of 

synucleinopathies. We have successfully generated 

inducible stable-lines in HEK293T cells expressing 

wild-type α-synuclein (SNCA-wt), mutants A53T, 

A30P and the double mutant (DM; A53T+A30P). We 

have also purified recombinant wild-type and mutant 

α-synuclein proteins and compared amyloidosis in 

vitro (preformed amyloid fibrils (PFF)). Upon long-

term (7 days) incubation with these PFF, cells 

expressing EGFP tagged SNCA-wt and A30P 

showed diffuse EGFP fluorescence whereas SNCA-

A53T and DM showed EGFP-positive hairy 

aggregates (Figure 1). These results suggest that the 

in vitro generated PFF probably crossed the plasma 

membrane barrier; or caused substantial damages in 

the cytoplasmic proteome via altering membrane-

trafficking that resulted in aggregation of EGFP-

tagged endogenous SNCA-A53T and SNCA-DM.

Fig. 1: Uptake of FITC-tagged 
Pre-formed Fibrils (PFF) by 
HEK293T cells expressing 
Wildtype mCherry-tagged α-
synuclein and the double mutant 
(A30P+A53T) and formation of 
chimeric aggregates. Cells were 
incubated with FITC tagged PFF 
for seven days. Fluorescence 
microscopy images show 
presence of PFF inside the cells 
(green) and aggregation of 
endogenous synuclein (red).
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Questions being addressed

a) This model opens up the opportunity to study the 

alteration of “membrane proteome” and follow up 

cell biology investigations to provide knowledge on 

SNCA fibril-entry mechanism into the cells.

b) Differences in the amyloid-formation kinetics 

between the SNCA-variants indicate presence of 

diverse seeding-intermediates in the cells. During 

PFF incubation, the folding-pattern of the overall-

proteome is expected to be changed depending

on the seeding-intermediates and with time.

We are performing experiments to characterize 

the differences between the protein-folding 

patterns in these different stages. The improvised 

proteomics experiments will provide mechanistic 

knowledge on the propagation of proteotoxicity 

during amyloidosis.

Aggregation of Subunits and Biogenesis of 

Respiratory Complexes

Proper folding and solubility are two major 

d e t e r m i n a n t s  o f  p r o t e i n  f u n c t i o n .  A n y  

physicochemical stress that may perturb protein-

conformation is capable to trigger protein 

aggregation. Previous studies have reported that 

physical stresses can trigger rapid aggregation of 

many endogenous proteins that are repairable

upon withdrawal of stress. Unlike physical and

acute forms of proteotoxic stresses, proteostasis-

damage corresponds to chronic form of stress that 

results in continuous accumulation of protein 

aggregates relevant in many age-related diseases. 

Despite multiple studies, it remains unknown

whether this widespread protein-aggregation

process is stochasticin occurrence or initiated by 

instability of a specific group of proteins, dictated by 

their physicochemical signatures or cellular function.

Using quantitative proteomics and microscopy we 

have found that nuclear-encoded RCC subunits 

readily form aggregates when over-accumulate in 

cytosol due to multiple proteostasis stresses. These 

are the group of proteins that form aggregates at early 

stages of proteostasis stress. Intrinsic instability of 

these subunits is determined by diverse 

physicochemical signatures including low complexity 

regions (LCRs) at N-termini that drive their 

translocation fostering functional assembly inside 

mitochondria (Figure 2). Thus, the physicochemical 

signatures of RCC subunits that aid their association 

into functional complexes inside mitochondria are 

also responsible for their vulnerability to aggregation 

in proteostasis-limiting conditions. 

Fig. 2: Microscopy images of Ndufa5-EGFP co-transfected with mCherry or Ndufs3-mCherry. Cells were treated with MG132 for indicated time 
points. Cell fixation was performed using paraformaldehyde. Fluorescence intensity profile along the line is shown. Nucleus is shown by dotted 
lines. Arrows indicate IBs shown in zoomed insets. Scale-bar - 10 μm.
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RESEARCH INTERESTS: 

• Understanding cell wall biogenesis and its regulation in bacteria

Selected recent publications

1. Parveen S, Reddy M (2017). Identification of YfiH (PgeF) as 

a factor contributing to the maintenance of bacterial 

peptidoglycan composition. 105: 705-720.Mol. Microbiol. 

2. Singh SK, Parveen S, SaiSree L, Reddy M (2015). 

Regulated proteolysis of a cross-linkspecific peptidoglycan 

hydrolase contributes to bacterial morphogenesis. Proc. 

Natl. Acad. Sci., USA 112: 10956-10961.

3. Mahalakshmi S, Sunayana MR, SaiSree L, Reddy M 

(2014).yciM is an essential gene required for regulation of 

lipopolysaccharide synthesis in Escherichia coli. Mol. 

Microbiol. 91: 145-157.

4. Singh SK, SaiSree L, Amrutha RN, Reddy M (2012). Three 

redundant murein endopeptidases catalyze an essential 

cleavage step in peptidoglycan synthesis of Escherichia coli 

K12.  Mol. Microbiol. 86: 1036-1051.

“Research in our laboratory is focused towards 

understanding how bacteria elongate, divide and 

split their cell walls during cell cycle to successfully 

generate two equal daughter cells. We take a 

multi-disciplinary approach including genetics, 

biochemistry, cell biology, and genomics to 

address these questions using the Gram-negative 

rod-shaped bacterium Escherichia coli as a 

primary model system. We expect that our work 

facilitates better understanding of fundamental 

aspects of bacterial cell biology and will also 

provide novel strategies for development of 

antimicrobial therapeutics.”

From Left to Right: Pavan, Shambhavi, Raj, Manjula, Balaji, Moneca, Nilanjan, GSN Reddy, Sai Sree, Abarajitha

Manjula Reddy
Bacterial Cell Wall Synthesis and its Regulation
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Most bacteria are surrounded by a protective mesh-

like exoskeleton called peptidoglycan (PG or murein) 

sacculus to protect them from internal turgor pressure 

and extracellular stress. PG is a single, large, 

covalently cross-linked macromolecule that forms a 

net-like structure completely encasing the bacterial 

cytoplasmic membrane. Hence, growth of a bacterial 

cell is intimately coupled to expansion of the murein 

sacculus and requires concerted activity of 

hydrolases that cleave the cross-links for insertion of 

new material and synthases that catalyze the cross-

link formation. Although, conceptualized nearly five 

decades ago, the mechanism of such essential 

murein cleavage activity was not known earlier. To 

examine the significance of cross-link cleavage in PG 

growth, we identified three previously unknown 

murein hydrolytic enzymes, two (MepS and MepH) 

belonging to the NlpC/P60 peptidase superfamily and 

the third (MepM) to the lysostaphin family of proteins 

that cleave peptide cross-bridges between glycan 

chains. We showed that these endopeptidases are 

redundantly essential for bacterial growth and viability 

as a conditional mutant lacking all the three enzymes 

is unable to incorporate new murein and undergoes 

rapid lysis upon shift to restrictive conditions. In 

summary, we demonstrated that the step of cross-link 

cleavage is essential for bacterial PG growth and 

identify these endopeptidases to be the long-

postulated space-maker hydrolases required for 

enlargement of the murein sacculus.

Although, the cross-link cleavage is fundamental for 

PG growth, such cleavage needs to be stringently 

regulated at the spatiotemporal level to avoid

lethal breakage and rupture of PG. To understand 

how this potential lethal hydrolytic activity is

controlled in the cell, we examined the regulation

of the D, D-endopeptidase, MepS. We find that 

expression of MepS is dependent on bacterial growth 

cycle; it is highly abundant in exponential phase of 

growth with the levels falling sharply at the onset

of stationary phase. Using combined genetic, 

molecular and biochemical approaches, we

showed that MepS is rapidly degraded with a half-life 

of ~2 min by a novel proteolytic system comprising

of an outer membrane (OM) lipoprotein of unknown 

function, NlpI, and a periplasmic protease, Prc. In 

summary, we showed that NlpI-Prc system 

modulates PG synthesis by regulating the levels of 

MepS, a hydrolase that breaks the cross-links for 

insertion of new murein material during growth of PG 

sacculus. MepS is the only enzyme of PG metabolism 

to be regulated during growth cycle signifying the 

importance of cross-link cleavage suggesting that the 

step of cross-link cleavage may indeed be the rate-

limiting step of PG biosynthesis.

The glycan chains of bacterial PG are cross-linked 

through short peptide chains by two types of

linkages: the predominant linkages are between

the D-alanine and mesodiaminopimelic acid

(D-alamDAP) and the rare linkages are between

the mDAP and mDAP residues (mDAPmDAP). 

Although, we have earlier shown the importance

of D-alamDAP cross-link cleavage in PG expansion, 

the significance of mDAPmDAP cross-link cleavage 

in PG synthesis was not clear. During the year, our 

efforts have led to identification of a previously 

unknown open reading frame, YcbK (redesignated 

Murein endopeptidase K, MepK) as a PG hydrolase 

that is specific to the hydrolysis of mDAPmDAP

cross-links. Deletion of mepK was synthetic

sick with deletion of mepS that codes for a

major D-alamDAP specific endopeptidase; absence 

of L,D-transpeptidase activity (encoded by ldtD,

-E that catalyze the formation of mDAPmDAP

cross-bridges) was able to abrogate the defects of 

mepK mepS double mutant indicating ldtD, -E were 

epistatic to mepK. Detailed genetic and molecular 

analyses further confirmed that MepK works in 

conjunction with other D-alamDAP specific 

endopeptidases to contribute to growth and

synthesis of PG. Purified MepK was able to 

specifically cleave the mDAPmDAP cross-links of 

soluble muropeptides and of intact PG sacculi.

MepK orthologs from other Gram-negative bacteria 

also exhibited similar substrate-specificity

indicating a functional conservation across

bacterial genera. Overall, our results identify cross-

link cleavage as an important step in bacterial 

peptidoglycan synthesis thereby rendering it an 

alternative target for development of new 

antibacterial compounds. 

Fig. 1: Schematic of E. coli peptidoglycan and its structure. 
Substrate-specificity of various PG hydrolases including MepK is 

indicated (Chodisetti P and Reddy M, manuscript submitted) 
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RESEARCH INTERESTS: 

• Cardiovascular Diseases 

• Non-coding RNAs

Selected recent publications

1 Viereck J, Kumarswamy R, et al. and Thum T (2016). Long 

noncoding RNA Chast promotes cardiac remodeling. Sci. 

Transl Med. 8:326ra22. 

2. Kumarswamy R, Volkmann I, et al. and Thum T (2014). 

Vascular importance of the miR-212/132 cluster.

Eur. Heart J. 35:3224-3231.

3. Kumarswamy R, Bauters C, et al. and Thum T (2014). 

Circulating long noncoding RNA, LIPCAR, predicts survival

in patients with heart failure.  114:1569-1575.Circ. Res.

4. Kumarswamy R, Lyon AR, et al. and Thum T (2012). 

SERCA2a gene therapy restores microRNA-1 expression in 

heart failure via an Akt/FoxO3A-dependent pathway.

Eur. Heart J. 33:1067-1075.

5. Kumarswamy R, Volkmann I, Jazbutyte V, Dangwal S, Park 

DH, Thum T (2012). Transforming growth factor-β-induced 

endothelial-to-mesenchymal transition is partly mediated by 

microRNA-21.  32:361-369.Arterioscler Thromb. Vasc. Biol. 

“Our group research focus is to understand

the role of non-coding RNAs in patho-physiology of 

the heart.”

From left to right: Priyanka Pant, Abhishek Bharadwaj, Regalla Kumaraswamy, Disha Nanda

Kumaraswamy Regalla
Cardiovascular Biology
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The human genome is tremendously larger than that 
of more simple organisms such as worms. However, 
genomes of humans and worms have comparable 
number of protein coding genes. For instance, the 
genome of the 959 cell bodied C. elegans and 
100,000 billion cell bodied humans typically contain 
the similar number of protein coding genes and yet 
the human genome is 30 times bigger than the C. 
elegans genome (3000 MB vs 100MB). All protein 
coding genes in humans originate from about 2% of 
the genome and a majority of the remaining portion
of the genome remains untranscribed or transcribed
as noncoding RNAs. All the available therapies
and disease diagnostics today are based on this 2% 
of the coding genome. Until recently, the noncoding 
portion of the genome was believed to be 'junk' or dark 
matter of the genome and transcribed noncoding 
RNAs were described as 'transcriptional noise'. 
However, recent studies have highlighted the 
importance of noncoding RNAs in various 
physiological and pathological settings, which has 
now led to their being referred to as 'precise 
regulators of gene expression'. MicroRNAs (≈ 21 nt 
long) and long noncoding RNAs (≤ 200nt long)
are the two major classes of noncoding RNAs that 
regulate gene expression. Because of their gene 
regulatory function, noncoding RNAs have been 
proposed as attractive targets for development of 
novel therapeutic strategies in various disease 
conditions including heart failure.

Heart diseases are the leading cause of death 

worldwide. In India about 40% of all deaths in urban 

areas and 30% in rural areas are attributed to 

cardiovascular diseases. The incidence of heart 

diseases in India has steadily increased from about 

2% (1960) to 10.5% (2000). Although available 

therapies improve symptoms, they are not able to 

reverse fibrosis or activate hibernating myocardium. 

In our lab, we are trying to understand if non-coding 

RNAs influence cardiovascular physiology and can 

serve as potential therapeutic targets. We 

established and validated a mouse model obesity 

induced cardiac hypertrophy. Upon feeding with high 

fat diet for about 10 weeks, mice developed cardiac 

hypertrophy characterized by left ventricular anterior 

and posterior wall thickening (Figure 1). 

Hemodynamic parameters such as ejection

fraction, fractional shortening and stroke volume

were significantly lower in high-fat diet fed

animals. The cardiac stress markers ANP, BNP

and vimentin (indicator of fibrosis) are also highly 

expressed in these hearts, suggesting cardiac

stress in these animals. We are presently screening 

for the deregulated lncRNAs in these animals. 

Simultaneously, surgical models of heart diseases 

such as transverse aortic constriction (cardiac 

hypertrophy), coronary artery ligation (myocardial 

infarction) are being established. 

Fig. 1: Left ventricular (LV) anterior (AW) and posterior (PW) wall thickness in control and obese mice were imaged by Vevo 2100 small 
animal ultrasound imaging system. Note the increased wall thickness in obese mice, which indicates left ventricular hypertrophy.

Fig. 2: Changes in ejection fraction, fractional shortening, stroke 
volume and expression of ANP, BNP and Vimentin in the hearts 

of mice fed with normal (ND) or high fat diet (HFD).
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RESEARCH INTERESTS: 

• Proofreading during translation of the genetic code

• Mycobacterium tuberculosis complex lipid synthesis

• Secretome action of a rice pathogenic bacteria

• Calcium-binding proteins

Selected recent publications

1. Kuncha SK, Mazeed M, Singh R, Kattula B, Routh SB, 
Sankaranarayanan R (2018). A chiral selectivity relaxed 
paralog of DTD for proofreading tRNA mischarging in 
Animalia.  9: 511.Nature Commun.

2. Pawar KI, Suma K, Seenivasan A, Kuncha SK, Routh SB, 
Kruparani SP, Sankaranarayanan R (2017). Role of
D-aminoacyl-tRNA deacylase beyond chiral proofreading
as a cellular defense against glycine mischarging by
AlaRS.  6: e24001. (Covered by a Spotlight article in Elife
TIBS, September 2017, vol. 42; p684).

3. Srivastava SS, Jamkhindikar AA, Raman R, Jobby MK, 
Chadalawada S, Sankaranarayanan R, Sharma Y (2017).
A Transition Metal-Binding, Trimeric βγ-Crystallin from 
Methane-Producing Thermophilic Archaea, Methanosaeta 
thermophila. Biochemistry 59: 1299-1310.

4 Routh SB, Pawar KI, Ahmad S, Singh S, Suma K, Kumar M, 
Kuncha SK, Yadav K, Kruparani SP, Sankaranarayanan R 
(2016). Elongation factor Tu prevents misediting of Gly-

GlytRNA  caused by the design behind the chiral proofreading 
site of D-aminoacyl-tRNA deacylase.  14: PLoS Biol.
e1002465, 1-22.

5. Ahmad S, Muthukumar S, Kuncha SK, Routh SB, Yerabham 
AS, Hussain T, Kamarthapu V, Kruparani SP, 
Sankaranarayanan R (2015). Specificity and catalysis 
hardwired at the RNA–protein interface in a translational 
proofreading enzyme.  6:7552.Nat. Commun.

“Our principal focus is to elucidate various 

proofreading/editing mechanisms involved in the 

maintenance of quality control during translation of 

the genetic code as well as to understand their 

physiological significance.”

From Left to Right: Aditya, Akshay, Sudipta, Lalitha, Shobha, Jotin, Rukmini, Sambhavi, Vinitha, Mazeed, Sankaranarayanan, 
Pradeep, Santosh, Priyanka, Priyadarshan, Surabhi, Mallesh, Raghvendra, Gajanan, RajKanwar, Biswajit, Aravind

Rajan Sankaranarayanan
Structural Biology
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We mainly exploit X-ray crystallography tools along 

with biochemical and biophysical approaches to 

obtain atomic-level structural details of various 

proteins, which in turn help in gaining mechanistic 

insights into their functioning. We also employ various 

model organisms to establish the physiological 

relevance of some of these processes. The main 

focus of the lab is to understand various factors which 

are involved in proofreading during translation of the 

genetic code. In cells, D-amino acids are occasionally 

mischarged on tRNAs causing mis-translation. D-

aminoacyl-tRNA deacylase (DTD) is an enzyme 

which specifically hydrolyzes the ester bond between 

D-amino acid and the tRNA, thereby acting as a chiral 

checkpoint and contributing to the homochirality of 

the cellular proteome. Structural and biochemical 

studies have revealed that DTD operates via L-chiral 

rejection mechanism which is mainly through the 

cross-subunit Gly-cisPro motif (GP motif) which acts 

as a “chiral selectivity filter”. Due to L-chiral rejection, 

DTD acts on tRNAs charged with achiral glycine

and the physiological role of DTD's Gly activity is 

puzzling. Using in vitro and in vivo studies, we have 

shown that DTD's Gly activity is essential for
Alaclearing Gly-tRNA , which was a long-standing 

question in the field of translation. Recently we have 

identified a chiral selectivity relaxed paralog of DTD 

named as Animalia-specific tRNA deacylase (ATD). 

Using structural, biochemical, and bioinformatics 

analysis we have shown that unlike DTD, ATD can 

also act on tRNAs attached to smaller L-amino acids. 

The mechanistic basis of this L-amino acid activity is 

well exemplified in the structure by cis (DTD) to trans 

switch of the “chiral selectivity filter” (GP motif) of ATD. 

ATD is present in the kingdom Animalia to deacylate 
ThrL-Ala-tRNA , which is a product of tRNA mis-

selection by eukaryotic AlaRS. Evolutionarily, the 

emergence of ATD is linked to the tRNA explosion, 

wherein tRNA isodecoders (tRNA genes with 

sequence variation but having identical anticodon) 

containing G4●U69 are mischarged by eukaryotic 

AlaRS. ATD is the only known editing factor which is 

involved in proofreading tRNA mis-selection

(Figure 1). To further understand the physiological 

significance of DTD and ATD, we are currently 

generating DTD knockout in fruit fly (Drosophila 

melanogaster), DTD and ATD knockouts in zebrafish 

(Danio rerio) and in mouse (Mus musculus). We are 

also exploring various aspects of other DTDs, namely 

DTD2 (present in archaea and plants) and DTD3 

(found in cyanobacteria).

Another major interest of the lab revolves around 

understanding the structure-function relationship of 

enzymes called Fatty acyl-AMP ligases (FAALs) 

which are involved in the basic lipid metabolism of 

multiple organisms. They were previously identified 

as key players in complex lipid biosynthesis in 

Mycobacterium tuberculosis (M.tb) (in collaboration 

with the group of Dr Rajesh Gokhale, NII, New Delhi). 

FAALs are unique members of ANL superfamily and 

unlike the other members they are inert to coenzyme-

Fig. 1: a) AlaModel depicting the role of DTD in clearing D-aminoacyl-tRNAs and Gly-tRNA  in the presence of EF-Tu. In the cell, aaRSs 
synthesizes different aa-tRNAs of which DTD does not act on L-aa-tRNAs (left extreme), while effectively detaches D-amino acids coupled to 

GlytRNAs (right extreme), thereby enforcing homochirality in proteins. DTD acts on Gly-tRNAs (center) but EF-Tu protects the cognate Gly-tRNA  
Alawhile the non-cognate Gly-tRNA  is efficiently cleared even in the presence of EF-Tu. b) Structural superimposition of Mus musculus ATD 

(MmATD) (PDB id: 5XAQ) on Plasmodium falciparum DTD (PfDTD) (PDB id: 4NBI) highlighting (pink box) the cross-subunit GP motif which is 
Gly-transPro in ATD while Gly-cisPro in DTD.

a
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A and remain dedicated to acyl carrier proteins of 

polyketide synthases (PKSs) and non-ribosomal 

peptide synthetases (NRPS). The structural and 

mechanistic details of such fidelity are poorly 

understood and the ongoing efforts are focused on 

unravelling such intricate mechanisms. These details 

would shed light on how FAALs function, which is very 

important considering the fact that they participate in 

key processes such as biosynthesis of virulent lipids 

(in Mycobacterium sps) and other bioactive 

molecules. Recently we have identified FAALs in 

eukaryotic systems which is interesting and remains 

to be explored - how and for what purpose these high 

fidelity enzymes have been recruited in higher 

systems. Currently, CRISPR-Cas9 based loss of 

function mutants are being generated in multiple 

model systems such as yeast, fruit fly and mouse. 

These studies along with their expression and 

localization analyses would help in understanding the 

basic function of these enzymes. 

In collaboration with Dr. Ramesh Sonti's group we are 

trying to understand the structure-function 

relationship of virulence factors of Xanthomonas 

oryzae pv. oryzae (Xoo), a plant pathogen causing 

bacterial blight of rice. The pathogen secretes a 

battery of plant cell wall-degrading enzymes by Type 

II secretion system. Our laboratory has solved the 

structure of LipA and CbsA (N-terminal catalytic 

domain). LipA protein belongs to a new class of cell 

wall-degrading enzymes which has a unique mode of 

substrate recognition. CbsA (catalytic domain) 

belongs to the glycosyl hydrolase 6 (GH-6) family. 

Surprisingly the mutation of canonical catalytic 

residues (D180 and D131/S137) does not abrogate 

the biochemical activity of CbsA. The structure of 

CbsA shows two loop insertions which are specific to 

bacterial exoglucanases. With the collaboration of 

Dr.Yogendra Sharma's group, we are investigating 
2+ the Ca -binding motif of βγ-Crystallin. In this process, 

we have established the double clamp motif (N/D-
2+N/D-X -X -T/S-S) that binds Ca  in the βγ-Crystallin 1 2

superfamily of proteins. Recently we reported that 

“Methallin”, the first member of βγ-Crystallin, which 

binds transition metal ions with nano-molar affinity. 

Methallin is a protein from Methanosaeta 

thermophila, an archaea, where members of βγ-

Crystallin superfamily are sparsely present and are 

confined to two methanogens. Methallin forms a 

trimer, with a single transition metal ion at the trimeric 

axis which is chelated by two histidine residues from 

each protomer (Figure 2). We are further exploring 

the transition metal binding property and the distinct 

trimeric state of Methallin to understand the 

evolutionary origins and the functional roles in βγ-

Crystallin superfamily.

Fig. 2: a) Electron density map showing histidine residues (H14 & H16) from each protomer coordinating a transition metal ion.
The 2Fo − Fc map (light blue) is contoured at 1.5σ, and the Fo − Fc map (red) is contoured at 5σ. b) Stereoimage depicting the two
histidines coming from each protomer of the trimeric protein coordinating the metal ion in an octahedral geometry.
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RESEARCH INTERESTS: 

• βγ-Crystallin superfold and Ca2+-binding

• Bacterial immunoglobulin-like fold and Ca2+ binding

• Neuronal calcium sensors and pathophysiology

Selected recent publications

1. Kiran U, Regur P, Kreutz M, Sharma Y, Chakraborty A 
2+(2017). Intermotif communication induces hierarchical Ca  

filling of Caldendrin. 56: 2467-2476.Biochemistry 

2. Khandelwal R, Sharma AK, Chadalawada S, Sharma Y 
2+(2017). Secretagogin is a redox-responsive Ca  sensor. 

Biochemistry  56: 411-420.

3. Srivastava SS, Jamkhindikar A, Raman R, Jobby MK, 

Chadalawada S, Sankaranarayanan R, Sharma Y (2017).

A transition metal–binding, trimeric βγ-crystallin from 

methane-producing thermophilic archaea Methanosaeta 

thermophila. Biochemistry 56: 1299-1310. (featured on 

journal cover page)

4. Rajanikanth V, Sharma AK, Rajyalakshmi M, Chandra K, 

Chary KV, Sharma Y (2015). Liaison between Myristoylation 
2+and Cryptic EF-Hand Motif Confers Ca  Sensitivity to 

Neuronal Calcium Sensor-1.   54: 1111-1122.Biochemistry

5. Srivastava SS, Mishra A, Krishnan B, Sharma Y (2014). 
2+Ca -binding motif of βγ-crystallins.  289: J. Biol. Chem.

10958-10966. (Minireview)

“Our group 2+ explores the properties of Ca -binding 

proteins from all domains of life. In the bacterial 

systems, we were instrumental in the discovery 
2+and establishment of a novel Ca - binding protein 

superfamily, i.e., βγ-crystallins. Currently, we are 

deciphering the anti-diabetic efficacy of a β-cell 
2+enriched Ca  sensor protein, Secretagogin.”

From Left to Right: Yogendra, Syed Sayeed, Phanindra, Venu, Shanti, Aditya, Anand, Asmita, Radhika, Amrutha, Uday Kiran

Yogendra Sharma
Calcium Signaling via Calcium-binding Proteins
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2+Among the various types of Ca -binding proteins, the 

best-studied have an EF-hand motif to coordinate the 
2+cation. However, there are other motifs for Ca  

binding, present in a wide variety of proteins. One 

such motif that we have identified is present in 

proteins belonging to the βγ-crystallin superfamily. 

We have classified βγ-crystallins as a separate class 
2+of Ca -binding proteins, which constitute an 

expanding structural superfamily containing diverse 

members from various organisms. Despite being 

prevalent, in archaea, βγ-crystallins are selectively 

present only in three methanogens, i .e., 

Methanosarcina and Methanosaeta. M-Crystallin 

from Methanosarcina acetivorans has been reported 
2+by us as a Ca -binding βγ-crystallin. 'Methallin' from 

Methanosaeta thermophila, the largest producer of 
2+methane, does not have the Ca -binding motif. In 

collaboration with Dr. R Sankaranarayanan's group, 
2+we have demonstrated that instead of Ca , Methallin 

binds a transition metal ion and forms a unique, 

ligand-dependent trimer. Engineering similar site in 

another, homologous βγ-crystallin led us to conclude 

that Methallin is a naturally designed trimer for high-

affinity transition metal binding. While many βγ-
2+crystallins are shown to bind Ca , and form 

homodimers and oligomers, a transition metal-

binding, trimeric βγ-crystallin is a new paradigm. 

In another program under the broad interest of 
2+regulation of Ca  functions in eukaryotes, we have 

been studying the functions of selective calcium-

sensing proteins, namely neuronal calcium sensor-1 

(NCS-1), caldendrin, and secretagogin (SCGN). The 

2+transition of a calcium sensor from the apo (Ca -free) 
2+to the holo (Ca -saturated) state is a crucial event in 

calcium signalling which can be performed by 

sequential or simultaneous binding. The structural 
2+underpinnings for simultaneous vs. sequential Ca  

filling are not yet known, but since many Calcium-

binding proteins (CaBPs) supposedly follow a 
2+sequential mode of Ca  filling, it is likely that a CaBP 

2+will function in vivo at Ca  levels insufficient to 

saturate all binding sites. This is exactly we have 

described recently that this transition may indeed be 

routed via stable transitory conformations and local 

reversible structural fluctuations in EF-hand motifs 
2+during hierarchical filling of Ca  in Caldendrin.

On our project of understanding the functions of 

Secretagogin (SCGN), which is a β-cell enriched, 
2+moderate affinity Ca  sensor; we have been 

exploring the inherent biochemical properties of 

SCGN and its implication in physiology. We are also 

interested in studying how pathological (or of 

unknown consequences) point mutations and SNPs 

affect SCGN function. SCGN has also been 

implicated in the release of two critical hormones: 

insulin and corticotropin-releasing hormone. We have 

shown that SCGN displays redox-sensitive 
2+oligomerization and a higher affinity for Ca  in 

reducing milieu and gains stabilization. Redox-

responsive nature of SCGN was supported by its 

response to the DTT-induced stress in the MIN6 cells. 

Our report of redox-sensitive dimerization finds 

significance in the recent report implicating SCGN 

dimerization in insulin secretion.
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RESEARCH INTERESTS: 

• Plant Meiosis and Gametogenesis

• Apomixis

• Seed Development

• Epigenetics 

• Plant Functional Genomics 

Selected recent publications

1. Andreuzza S, Nishal B, Singh A, Siddiqi I (2015). The 

Chromatin Protein DUET/MMD1 Controls Expression of the 

Meiotic Gene TDM1 During Male Meiosis in Arabidopsis. 

PLoS Genet. 11:e1005396. 

2. Qin Y, Zhao L, Skaggs M, Andreuzza S, Tsukamoto T, Panoli 

A, Wallace KN, Smith S, Siddiqi I, Yang Z, Yadegari R, 

Palanivelu R (2014). ACTIN-RELATED PROTEIN6 

regulates female meiosis by modulating meiotic gene 

expression in Arabidopsis.   26: 1612-1628.Plant Cell

3. Marimuthu MPA, Jolivet S, Ravi M, Pereira L, Davda, JN, 

Cromer L, Wang L, Nogue F, Chan SWL, Siddiqi I, Mercier R 

(2011). Synthetic clonal reproduction through seed.

Science 331:876.

“Our group focuses on analysis of meiosis and 

gametogenesis in plants which offers opportunities 

for addressing fundamental questions relating to 

cell specification and application of this information 

towards increasing food production through 

improved methods for plant breeding.”

From left to right (back): S Prashanthi, Aparna Singh, Imran Siddiqi, V Subbiah, V Vijaybhaskar, Saurabh Pandey, Jayesh N Davda, VP Saradhi Attuluri.
 (front): Dipesh K Singh, Aswan Nalli, Kaladhar B, Avinash, Frank Keith Max

Imran Siddiqi
Plant Reproductive Biology
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Our research group works on meiosis and germ

cell formation in plants. The work is aimed at 

understanding the control of meiosis and meiotic 

chromosome organization in plants, and in

applying information obtained from a molecular 

genetic analysis of meiosis and gametogenesis 

towards developing new methods in plant

breeding. These methods would involve fixation

of hybrid vigour and accelerating plant breeding

to meet the challenges facing agriculture with

respect to increasing food production for a growing 

world population. The group has identified and 

analyzed several genes that control different

aspects of meiotic chromosome organization.

Some of these genes are unique to plants

whereas others show conservation to meiotic

genes in other eukaryotes.

The plant life cycle consists of two distinct 

generations: a diploid sporophyte and a haploid 

gametophyte. As in other eukaryotes, meiosis

is a key phase in the pathway of reproductive 

development. In plants meiosis also acts as a 

transition between the two generations. The

analysis of plant meiosis is therefore of central 

importance in understanding early stages of plant

reproductive development and is also of

considerable practical significance with respect

to the potential for manipulating meiosis and 

gametogenesis to advantage in plant breeding,

for example in apomixis. This process is the

formation of asexual seeds in plants, and leads to 

populations that are genetically uniform.

Transfer of apomixis to crop plants holds great 

promise in plant breeding for fixation of 

heterozygosity and hybrid vigour as it would

allow propagation of hybrids over successive 

generations and also accelerate breeding.

Apomixis involves production of unreduced

(diploid) female gametes that retain the genotype

of the parent plant (apomeiosis), followed by 

parthenogenetic development of the egg cell

into an embryo, and functional endosperm

formation. Apomixis is found naturally in more than 

400 species of flowering plants and can occur by 

distinct developmental routes. It has been

suggested that apomixis results from deregulated 

expression of the sexual programme, however

the molecular mechanisms that control apomixis

are unknown. One hypothesis is that genes 

controlling apomixis may be variant alleles of

genes that act during normal sexual development. 

Such genes may be revealed by analysis of

model sexual plants. Our group has previously 

described a proof of principle demonstration

for being able to generate clonal seeds in

Arabidopsis by manipulating 2-4 genes involved

in chromosome organization and segregation

in plant meiosis. We are currently carrying out 

screens to identify additional genes that can be

used to manipulate plant meiosis and initiation of 

seed development.

Our recent studies on a newly identified gene

SHUKR (SKR) reveal it to be expressed specifically

in male meiosis and required for early stages of 

development of microspores into pollen. We have 

shown that skr associates with chromatin and 

regulates the transit ion from the diploid

sporophyte to the haploid gametophyte through 

control of protein homeostasis during pollen 

development. We have performed a genetic

screen for suppressors of skr and have identified 

several suppressor mutants (ssk) which restore

male fertility and seed set in a skr mutant

background. Characterization of ssk mutants is in 

progress. Analysis of SKR and SSK genes is 

expected to provide novel insights into chromatin 

based mechanisms regulating the sporophyte to 

gametophyte transition.

Germ cell development involves integration of

sex-specific developmental programmes with a 

common meiotic programme. In higher plants

the fate of meiotic products are very different

between male and female. In male meiosis all four 

spores formed after meiosis develop into pollen 

following two rounds of postmeiotic division

whereas in female meiosis three of the four

spores degenerate and only one goes on to form a 

female gametophyte following three rounds of 

postmeiotic division. The CDM1 gene encodes

an RNA binding protein required for completion

of male meiosis. We are studying the role of the 

CDM1 gene in posttranscriptional control of

male meiosis and identification of its molecular 

targets. We have recently screened for and

identi f ied a suppressor of CDM1 whose 

characterization should provide insights into the 

mode of action of CDM1 and its target genes.
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In order to understand the cell cycle controls 

governing initiation of embryogenesis we have 

examined the cell cycle stage of the egg and sperm 

cells in Arabidopsis using markers for DNA synthesis 

and S phase. Our results provide novel information on 

the timing of DNA synthesis in male and female 

gametes in relation to fertilization and initiation of 

embryogenesis (Figure 1).

Fig. 1: Fertilization induces DNA replication in endosperm nuclei. Channel 1: Arabidopsis Ovule expressing pAtPCNA2::AtPCNA2-Venus, an S 
phase marker.  Cells undergoing S phase can be identified with speckles in the nucleus. The position of Endosperm nucleus (ESN) and Zygote 
(Zy) were marked with a dashed border. Channel 2:  Arabidopsis sperms expressing pAtHTR10::AtHTR10-mRFP, a sperm cell marker. The 
position of sperms was marked with a dashed border. Merge: Image showing both S phase marker and location of sperms after fertilization.
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RESEARCH INTERESTS: 

• Ubiquitin proteasome system

• Autophagy

• Lysosomal proteases

• Antimalarial targets

• Malaria vaccine

Selected recent publications

1. Nair DN, Prasad R, Singhal N, Bhattacharjee M, Sudhakar R, 

Singh P, Thanumalayan S, Kiran U, Sharma Y, Sijwali 

PS(2018). A conserved human DJ1-subfamily motif (DJSM) 

is critical for anti-oxidative and deglycase activities of 

Plasmodium falciparum DJ1.  Mol. Biochem. Parasitol.

222:70–80.

2. Sijwali PS, Rosenthal PJ (2017). The proteolytic repertoire

of malaria parasites. D Gaur, CE Chitnis and VS Chauhan 

(Eds.),   John Wiley & Sons, Advances in Malaria Research.

Inc. 23 Dec 2016. DOI: 10.1002/9781118493816.ch12.

“Our group has demonstrated that the malaria 
parasite autophagy protein Atg18 is associated 
with the parasite lysosome and is indispensable for 
parasite development. In another study, we 
showed that a novel human DJ1-subfamily motif 
(DJSM) delineates PfDJ1 and other hDJ1-
subamily proteins from the remaining superfamily, 
and is critical for anti-oxidative and deglycase 
activities of PfDJ1.”

From Left to Right: Thanumalayan, Dinesh, Divya, Renu, Manish, Gokulapriya, Puran, Nandita, Zeba, Navin, Srinivas, Manisha, Deepak

Puran Singh Sijwali
Roles of the Ubiquitin Proteasome System and Autophagy in 
Malaria Parasite Biology and Pathogenesis
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Fig. 1: DJSM.Sequences corresponding to the motif 1 of the representative proteins of various functional classes of DJ-1/ThiJ/PfpI superfamily 

were aligned using the Clustal Omega and analysed using default parameters of the MEME tool. Amino acids in the motif region are shown 

according to the Clustal color scheme. TSXGPX5FXLX5L is the most consensus sequence of DJSM, as shown in the motif logo.

We are studying the proteolytic systems of malaria 

pathogen Plasmodium to determine their roles in 

parasite biology and disease pathogenesis.

Multi-stage development of malaria parasites in 

different intracellular and extracellular environments 

has been a major challenge to design/develop 

therapies for disease control/elimination. A major 

research interest of the lab is to identify proteases

that have essential functions during parasite 

development and are parasite-specific or

significantly different from the host homologs,

so that they can be targeted for development

of new drugs to control malaria. We are focusing

on autophagy and the ubiquitin proteasome

system (UPS), which have been shown to have 

crucial roles both in cellular homeostasis and 

regulatory processes. Inhibitors of these two 

machineries have been shown to kill malaria 

parasites, supporting their essential roles in parasite 

development and potential as drug targets.

Autophagy is a lysosome-dependent process that 

delivers a variety of cellular contents, including 

organelles, to the lysosome for degradation. It is also 

involved in selective transport of proteins and lipid 

catabolism. Since malaria parasites acquire and 

degrade several self and host cellular contents

during their multi-stage development, we are 

characterizing various autophagy proteins to 

determine their functions during parasite 

development. The work from our and other 

laboratories revealed a limited autophagy

repertoire in malaria parasites. To investigate

how Atg8-associated structures are formed,

we are studying Atg18 and other proteins that

are likely to have roles in generation of

phagophore assembly sites (PAS) and formation

of phagophore, a cup-like Atg8 labelled structure. 

Localization and inhibition experiments indicated 

exclusive localization of Atg18 to food vacuoles, 

which are the parasite's lysosomes wherein bulk 

degradation of haemoglobin occurs. This localization 

appears to be mediated by binding of Atg18 with 

phosphatidylinositol phosphates on the food vacuole 

membrane. Some antimalarials showed a noticeable 

effect on Atg18 localization and expression, 

suggesting that Atg18 is another target by which 

these antimalarials kill malaria parasites. Atg18 is 

essential for parasite development, as Atg18 gene 

could not be knocked-out and knock-down of Atg18 

protein significantly reduced parasite growth. Studies 

are underway to dissect the autophagy repertoire and 

determine its roles in parasite development.

The proteolytic repertoire of malaria parasite holds a 

great potential for chemotherapeutic intervention as 

drugs targets and vaccine candidates. Previously, we 

showed that plasmoDJ1 has protease, chaperone 

and anti-oxidative activities. Genetic ablation of 

plasmoDJ1 indicated that it has a major role in 

parasite development, which most likely depends

on its multiple activities. PlasmoDJ1 belongs to the 

DJ-1/ThiJ/PfpI superfamily whose members are 

present in all the kingdoms of life and exhibit diverse 

cellular functions and biochemical activities. The 

common feature of the superfamily is the class I 

glutamine amidotransferase domain with a 

conserved redox-active cysteine residue, which 

mediates various activities of the superfamily 

members, including anti-oxidative activity in PfDJ1 

and human DJ1 (hDJ1). We have identified a novel 

motif unique to PfDJ1 and several other hDJ1-like 

proteins, with the consensus sequence of 

TSXGPX5FXLX5L (Figure 1), which we designated 

as the hDJ1-subfamily motif (DJSM). Several 

mutations that have been associated with 
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Fig. 2: Anti-oxidative activity of PfDJ1. Recombinant wild type PfDJ1 (PfDJ1WT) and its indicated mutants were evaluated at various 
concentrations (µM on x-axis) for anti-oxidative activity by measuring neutralization of H O  (y-axis). The graphs clearly show efficient 2 2

neutralization of H O  by wild type PfDJ1, which was nearly completely lost upon C106A mutation (A) and significantly decreased in S151A and 2 2

P154A mutants (B). The rest of the mutants showed gain of activity (C).

Parkinson's disease are also present in DJSM, 

suggesting its functional importance in hDJ1-like 

proteins. Mutations of the conserved residues of 

DJSM of PfDJ1 did not significantly affect overall 

secondary structure, but caused both a significant 

loss (S151A and P154A) and gain (L168A) of

anti-oxidative activity (Figure 2). We also showed

that PfDJ1 has deglycase activity, which critically 

depends on the catalytic cysteine (C106) and

DJSM (S151 and P154) residues. S151 appears

to properly position the nucleophilic elbow

containing C106 and P154 forms a hydrogen

bond with C106, which could be a reason for the

loss of activities of PfDJ1 upon their mutations.

Taken together, DJSM delineates PfDJ1 and other 

hDJ1-subfamily proteins from the remaining 

superfamily, and is critical for anti-oxidative and 

deglycase activities of PfDJ1.
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RESEARCH INTERESTS: 

• Tissue engineering using modified niche, natural scaffolds

• Use of adult stem cells for lineage derivation by alteration of 

niche, small molecules 

Selected recent publications

1. Begum G, Reddy TN, Kumar KP, Dhevendar K, Singh S, 

Amarnath M, Misra S, Rangari VK, Rana RK (2016). An in situ 

Strategy to Encapsulate Antibiotics in a Bio-inspired CaCO3 

Structure Enabling pH-Sensitive Drug Release Apt for 

Therapeutic and Imaging. ACS Appl. Mater. Interfaces

8: 22056-22063.

2. Bondarenko OM, Heinlaan M, Sihtmäe M, Ivask A, Kurvet I, 

Joonas E, Jemec A, Mannerström M, Heinonen T, 

Rekulapelly R, Singh S, Zou J, Pyykkö I, Drobne D, Kahru A 

(2016). Multilaboratory evaluation of 15 bioassays for 

(eco)toxicity screening and hazard ranking of engineered 

nanomaterials: FP7 project NANOVALID.  Nanotoxicology

10:1229-1242.

3. Kos M, Kahru A, Drobne D, Singh S, Kalčíková G, Kühnel D, 

Rohit R, Gotvajn AŽ, Jemec A (2016). A case study to 

optimise and validate the brine shrimp Artemia franciscana 

immobilisation assay with silver nanoparticles: The role of 

harmonization.  213: 173-183.Environ. Pollut.

4. Jemec A, Kahru A, Potthoff A, Drobne D, Heinlaan M, Böhme 

S, Geppert M, Novak S, Schirmer K, Rekulapally R, Singh S, 

Aruoja V, Sihtmäe M, Juganson K, Käkinen A, Kühnel D 

(2016). An interlaboratory comparison of nanosilver 

characterisation and hazard identification: Harmonising 

techniques for high quality data.  87: 20-32.Environ. Int.

5. Snehal Raut, Shashi Singh (2016).Calcium-phosphate 

nanobioceramics.  5: 389-396.Lett. Appl. NanoBioScience

“Matrix proteins like collagen Type I is used for 

creating cross-linked stable matrices for cell 

growth and differentiation of specific lineages. A 

series of constructs with different gums and protein 

ratios screened reveal differential differentiation of 

cells depends on altered compositions.” 

Shashi Singh

Shashi Singh
Adult Stem Cells from various Sources and Tissue Engineering

CCMB Annual Report   2017-2018  |  116



Tissue engineering involves creation of organoids or 

tissue constructs with cells, associated matrices and 

few factors in order to produce a functional structure. 

Our lab is working on tissue engineering using adult 

stem cells obtained from medical waste like placenta, 

Wharton's jelly, cord blood, bone marrow and adipose 

lipo-aspirate, which are expanded and differentiated 

into different lineages. For regenerative medicine, 

stem cells can either be injected directly at the site of 

injury or intravenously for injuries like spinal cord, 

bone repair and cardiac damage. Alternately, tissue 

constructs can be created with help of matrix 

materials and the entire tissue such as cornea, liver, 

and pancreas can be reconstructed by tissue 

engineering.

Differentiation of MSC and their compatibility 

with Scaffolds

We are using some of the matrix proteins for creating 

matrices for cell growth and differentiation of specific 

lineages. Collagen Type I extracted from rat tails is 

being used for making a variety of constructs. 3D 

scaffolds of matrix proteins with plant based gums in 

form of hydrogels have been created for matrix driven 

differentiation of MSC. A series of constructs with 

different gums and protein ratios are screened for 

various cell types. Our screen reveals differential 

differentiation of cells in various compositions. 

A sequence of matrices is created using collagen 

cross-linked with different oxidation levels of glycans 

and cultured with cells. The scaffolds were then 

analysed for their physical properties. Various 

formats of the gels were tried, like lyophilized and 

rehydrated, undried and pellet forms, so were the 

penetration of gels in various gel compositions. The 

cells penetration is not very good at higher 

concentrations of gels so the cells are embedded 

during the cross-linking process. The survival of cells 

was checked post embedding and after incubation 

culture for 30 days and found viable. The 

histochemistry of the tissue blocks revealed that the 

cells display differential morphology in different 

constructs, and at higher ratios of glycans to collagen 

the cells display chondrocytic phenotype and the 

markers as well. Further studies are being carried out 

to ascertain the chondrocytic phenotype and matrix 

changes in vitro. Further experiments are planned to 

study the construct in animal models.

Differentiation/Dedifferentiation using small 

molecules

This project focuses on use of natural products 

derived from plants to explore stem cell biology. 

Various signaling pathways have been identified that 

control the fate of stem cells, such as Wnt, Hedgehog, 

Notch and PI3K/Akt. These pathways direct 

differentiation of stem cells to different tissues or keep 

them undifferentiated /pluripotent in nature. As we are 

dealing with molecules derived from natural sources, 

we may be able to find molecules with newer 

functions as most of these plants are used for 

medicinal purposes in traditional systems. Here we 

use a screen to identify molecules with potential to 

induce pluripotent transcription factor activity in 

somatic cells using reporter activity of OCT4 and 

Nanog promoter. We are currently screening of small 

molecules for achieving reprogramming of cells into 

ES like cells or progenitor cells. The idea is to look for 

molecules targeting signaling pathways leading to 

altered state of cells. We ran parallel screens for Oct 4 

and Nanog, and also other signaling pathways 

reporters, Wnt, Notch and Hedgehog pathway. We 

have screened about 135 molecules and come up 

with about 10 for final screening after validation. Since 

these molecules were inducing Oct4 and nanog, our 

next screen was to use them with the chemi-inducers 

for iPS and we shortlisted two molecules. We are 

further working on these molecules to induce human 

cells into iPS. We are aiming for both dedifferentiation 

of cell into iPS and differentiation into beta cells.
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RESEARCH INTERESTS: 

• Assisted Reproductive Technologies for threatened wildlife

• Molecular regulation and biomarkers of ovarian function

• Reproductive seasonality in wild birds

Selected recent publications

1. Sontakke SD (2018).Monitoring and controlling ovarian 

activities in wild ungulates (Invited review).  Theriogenology

109: 31-41.

2. Sontakke SD, Umapathy G (2018). 'Chemical immobilization 

of Indian wild animals' a manual. Central Zoo Authority, 

Ministry of Environment, Forests & Climate Change, 

Government of India. New Delhi publication.

3. Singh DN, Shukla U, Navin K, Nigam P, Das A, Sontakke SD, 

Gupta BK, Kumar D (2018). A concept paper on 'Health and 

nutritional management of wild animals in Indian zoos' 

Central Zoo Authority, Ministry of Environment, Forests & 

Climate Change, Government of India.

4. Bushra TM, Sontakke SD, Ioannidis J, Duncan WC, 

Donadeu FX (2017). The adequate corpus luteum: miR-96 

promotes luteal cell survival and progesterone production. J. 

Clin. Endocrinol. Metab. 102: 2188-2198.

5. Donadeu FX, Sontakke SD, Jason I (2017). MicroRNA 

indicators of follicular steroidogenesis. Reprod. Fertil. Dev.

29: 906-912.

“Our group current research focuses on 

understanding regulation and control of ovarian 

function at the molecular and organismal levels, 

which would aid in developing alternative methods 

to improve reproductive success for conservation 

and planned breeding of threatened wildlife 

species.”

Sadanand D Sontakke

Sadanand D Sontakke
Reproductive Biotechnologies for Wildlife Conservation
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Involvement of microRNA-202 in ovarian 

folliculogenesis and steroidogenesis

The precise detection of estrus and ovulation in 

wildlife species is a big challenge and hampers the 

breeding success of threatened species in captivity. 

Similarly, in livestock, as many as 50% of ovulations 

go undetected in dairy herds due to attenuated

estrus behaviour and a lack of high-accuracy 

methods for detection of fertile oestrus. This 

significantly reduces overall herd productivity and 

constitutes a high economic burden to the dairy 

industry. Thus, proper understanding of ovarian 

follicular and luteal development at molecular level is 

essential to improve and optimally control 

reproductive function and also to unravel causes of 

infertility in wild as well as farm animals. MicroRNAs 

(miRNAs) are important gene regulators of ovarian 

function and studying the involvement of miRNAs in 

ovarian function might help to enhance reproductive 

efficiency and overcome reproductive disorders. 

In monovular mammals including humans, waves of 

follicular growth occur periodically within the ovary in 

response to follicle-stimulating hormone (FSH) 

throughout a female's reproductive life. An initial 

phase of common follicle growth within a wave is 

followed by the selection of a single follicle, usually 

the largest, which continues to grow as a dominant 

follicle while rest of the follicles (subordinate) cease 

development and undergo atresia. Subsequent 

maturation of the dominant follicle may be followed 

later by ovulation and transformation into a corpus 

luteum. These developmental processes involving 

sequential and profound changes in tissue structure 

and function are controlled by timely and spatially 

expressed genes, which in turn are regulated by post-

transcriptional regulators including miRNAs. 

Previously a subset of six miRNAs whose expression 

increased dramatically during the growth of follicles 

has been reported in cattle (Sontakke et al. 2014) 

suggesting their potential involvement in follicular 

development and female fertility. In order to 

investigate the functional roles of these miRNAs, an 

efficient in vitro cell culture system using follicular 

cells needs to be developed. 

In the present study, we attempted developing an 

efficient in vitro granulosa culture system to 

investigate physiological involvement of miRNA-202 

in ovarian function. miRNA-202 is a gonad-specific 

miRNA whose expression increased several folds 

during ovarian follicular growth and decreased during 

atresia in the cow. This study was carried out using 

buffalo granulosa cells isolated from the abattoir 

ovaries.  

Expression pattern of miR-202 during 

follicular growth

Firstly, to determine the expression of pattern of miR-

202 during follicle growth, paired ovaries from cyclic 

buffaloes were collected from a local abattoir 

irrespective of the stage of the oestrous cycle. 

Individual subordinate (small; < 7 mm) and dominant 

follicles with diameter < 8 mm were dissected out from 

the ovaries. Healthy dominant follicles were selected 

whose health status was established based on the 

higher expression of CYP19A1, a marker of follicular 

health. There was significant increase in the 

expression of miR-202 in large healthy relative to 

small follicles in buffalo ovary (Figure 1) indicating its 

potential role during follicle growth. 

Development of in vitro culture of follicular 

cells

Further to determine whether changes in miRNA 

expression observed during the follicular growth 

could be replicated in cultured granulosa cells, a pre-

requisite for any in vitro functional study with miRNAs, 

buffalo granulosa cells were isolated from small 

follicles (< 7mm) and cultured in a 24 well plate in 

McCoy's modified medium. The cells were treated 

one day later with media containing Follicle 

stimulating hormone (FSH) alone or in combination 

with IGF-1, and control cells were left untreated for six 

Fig. 1: Relative expression of miR-202 in healthy 
dominant and subordinate follicles isolated from buffalo ovaries
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days. Cells were harvested on day 3 and 6 post-

treatment for expression analyses of CYP19A1 

(aromatase) and miR-202 expression were 

determined by RT-qPCR. We found that granulosa 

cells from small follicles exhibited an increased 

proliferative response to FSH alone and in 

combination with IGF-1. Further, there was also a 

significant increase in the expression of aromatase 

gene, a coenzyme responsible for estradiol 

production, in both FSH alone or in combination

with IGF-1 on day 3, which was further increased on 

day 6 (Figure 2a) indicating that cells were 

consistently producing estradiol during culture. 

Consistent with changes in miR-202 levels during 

follicle growth (Figure 1), qPCR analyses revealed 

that the levels of miR-202 in cultured granulosa

cells increased robustly only on day 6 (P < 0.01) in 

response to FSH and further more with FSH-IGF1 

combination treatment during culture (Figure 2b). 

Thus, cell proliferation and increased expression of 

aromatase resulted in the increased expression of 

miR-202 during 6 days of culture, thereby supporting 

involvement and potential regulatory roles of miR-202 

in the buffalo ovarian function. Overall, in vitro results 

suggest that expression changes during follicle 

development can be recapitulated in vitro for miRNA 

studies.

Bioinformatics analysis of potential gene 

targets of miR-202
Finally, using in silico analyses, we identified a few 

genes including TGFBR2, CDKN1, SPRED1, IGF-

1R, PCNA and ACVR1B that may potentially be 

associated with ovarian functions such as cell 

prol i feration, cel l  survival, differentiat ion, 

steroidogenesis etc., of which expression of ACVR1B 

decreased, although non-significantly, in the cells 

treated with FSH and IGF-1 suggesting that it might 

be the potential target of miR-202 in buffalo ovarian 

function (data not shown). 

In conclusion, the present study establishes an in vitro 

culture of granulosa cells for studying miRNA 

functions, and also reports the possible involvement 

of gonad-specific miR-202 in ovarian follicle 

development and steroid production, perhaps via 

targeting ACVR1B, although target validation needs 

to be confirmed by reporter assays.

Fig. 2: Changes in the expression of aromatase (a) and miR-202 (b) during in vitro culture of granulosa cells isolated from 
small follicles of buffalo ovaries following treatment of FSH alone or in combination with IGF-1.
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RESEARCH INTERESTS: 

• Bacterial virulence functions

• Plant resistance responses

• Marker assisted selection in plant breeding

Selected recent publications

1. Subramoni S, Pandey A, Vishnu Priya MR, Patel HK, Sonti RV 

(2011). The ColRS system of Xanthomonas oryzae pv. oryzae 

is required for virulence and growth in iron-limiting conditions. 

Mol. Plant Pathol. 13: 690-703.

2. Gupta MK, Nathawat R, Sinha D, Haque AS, 

Sankaranarayanan R, Sonti RV (2015). Mutations in the 

predicted active site of Xanthomonas oryzae pv. oryzae

XopQ differentially affect virulence, suppression of

host innate immunity and induction of HR in a non-host plant. 

Mol. Plant Microbe Interact. 28: 195-206.

3. Tayi L, Maku R, Patel HK, Sonti RV (2016). Action of multiple 

cell wall degrading enzymes is required for elicitation of innate 

immune responses during Xanthomonas oryzae pv. oryzae 

infection in rice.  29:599-608.Mol. Plant Microbe Interact.

4. Girija AM, Kinathi BK, Madhavi MB, Ramesh P, Vungarala S, 

Patel HK, Sonti RV (2017). Rice leaf transcriptional

profiling suggests a functional interplay between 

Xanthomonas oryzae pv. oryzae lipopolysaccharide

and extracellular polysaccharide in modulation of

defense responses during infection. Mol. Plant Microbe 

Interact. 30: 16-27.

5. Tayi L, Kumar S, Nathawat R, Haque AS, Maku RV, Patel HK, 

Sankaranarayanan R, Sonti RV(2018). A mutation in an 

exoglucanase of Xanthomonas oryzae pv. oryzae, which 

confers an endo mode of activity, affects bacterial virulence, 

but not the induction of immune responses, in rice. Mol. Plant 

Pathol. 19: 1364-1376.

“Our group investigates induction and suppression 

of innate immunity in plants. Enhancing scope of 

marker assisted selection in plant breeding.”

From Left to Right: First row : Hitendra Kumar Patel, B Kranthi, Sohini Deb, Rajkanwar Nathawat, Neha Kachewar, Shailaja Kanumuri, Sandhya, Hota Shiva Jyothi,
Second row : Tayi Lavanya, Ramesh V Sonti, Chandan Kumar, Shakuntala Pillai, Vishnu Narayanan, Raju Madanala, Sridivya Vungarala,

Third row : Roshan MV, Bipin Kumar, Gokulan CG, Kamal Kumar Malukani

Ramesh V Sonti
Plant-Pathogen Interactions
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Our group is studying the mechanisms by

which microbes attack plants and plants defend 

themselves against microbial attack. The model 

system that we study is the interaction between

the bacterial pathogen Xanthomonas oryzae pv. 

oryzae (Xoo) and it's host, the rice plant. A major

focal theme of our research is to understand the 

mechanisms by which rice innate immune responses 

are induced and suppressed following bacterial 

infection. In previous work, we have shown that

plant cell wall degrading enzymes, including 

Lipase/Esterase (LipA), cellulase (endoglucanase; 

ClsA) and cellobiosidase (exoglucanase; CbsA)

that are secreted by the Xoo pathogen induce

plant defense responses. The Xoo secreted plant

cell wall-degrading enzymes (CWDEs) are

important virulence factors but the damage

that they cause to plant cell walls, serves as a

mark of infection that results in induction of

defense responses. In order to cause disease,

Xoo suppresses these plant defense responses

using a particular protein secretion system called

the Type 3 secretion system (T3S) which
-secretes proteins directly into rice cells. A T3S

Xoo mutant is deficient in suppression of plant 

defense responses and is, in fact, an elicitor of

plant defense responses because it continues to 

secrete plant cell wall-degrading enzymes. 

We have earlier shown that four Xoo T3S secreted 

proteins are involved in suppression of cell wall 

damage-induced rice innate immunity. These 

proteins are called XopN (Xanthomonas Outer 

protein N), XopQ, XopX and XopZ. Genetic analysis 

suggests that there is a redundancy with regard to the 

functioning of these proteins in suppression of host 

innate immune responses and that even one of these 

four effectors can suppress rice innate immunity. 

XopQ protein exhibits ribose hydrolase activity but 

mutations that affect this activity do not affect the 

ability of this protein to suppress host innate immunity. 

XopQ protein has two 14-3-3 binding motifs. The rice 

genome encodes for eight 14-3-3 proteins. We have 

shown using yeast two hybrid and BiFC assays,

that wild type XopQ protein interacts with two of these 

14-3-3 proteins (Gf14f and Gf14g). Mutations in one 

of the 14-3-3 binding motifs of XopQ (S65A) affects 

the ability of XopQ to interact with Gf14f and Gf14g 

and also affects the ability of this protein to suppress 

rice immune responses. This indicates that ability to 

interact with Gf14f and Gf14g is crucial for the ability 

of XopQ to suppress rice innate immunity. What might 

be the role of Gf14f and Gf14g in elaboration of rice 

innate immune responses? Overexpression of either 

Gf14f or Gf14g results in induction of programmed 

cell death in rice roots and in enhanced tolerance to 

subsequent Xoo infection. These observations 

suggest that Gf14f and Gf14g are positive regulators 

of rice innate immune responses. We also postulate 

that interaction with XopQ affects the functioning of 

Gf14f and Gf14g in rice innate immunity and that this 

is how XopQ is able to suppress rice innate immunity. 

Prior treatment of rice leaves with purified CWDEs 

such as LipA can confer enhanced resistance against 

subsequent Xoo infection. In order to understand 

CWDE-induced rice defense responses, microarray 

analysis was performed 2 h and 12 h after enzyme 

treatment of rice leaves. The expression of twenty 

one rice genes is induced at early (2 h) as well as

late (12h) time points after treatment of rice

leaves with LipA. One of these genes is a wall 

associated kinase 21 like protein (OsWAKL21)

whose expression is also upregulated after

treatment with Xoo. The OsWAKL21 downregulated 

rice plants do not induce immune response after 

treatment with LipA indicating that OsWAKL21 is a 

key component of LipA induced immune responses. 

Overexpression of OsWAKL21 induces plant immune 

responses in rice and transgenic Arabidopsis plants 

and enhances tolerance against subsequent infection 

with bacterial pathogens. Interestingly, this is a 

protein with two biochemical activities, namely kinase 

and guanylate cyclase. We found that although 

OsWAKL21 induces similar immune responses in rice 

and Arabidopsis, it requires different biochemical 

activities in these species to induce immune 

responses.

In collaboration with the ICAR-Indian Institute of Rice 

Research (ICAR-IIRR), an ethyl methane sulfonate 

mutagenized population has been developed in the 

genetic background of the elite rice variety, Samba 

Mahsuri. The mutagenized population has been 

screened for lines that have important agronomic 

traits such as tolerance to several biotic stresses. In 
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addition to these lines which exhibit biotic stress 

tolerance, many stabilized mutant lines have also 

been identified which are high yielding, exhibit 

complete panicle emergence (CPE; which also leads 

to high yield), mature early, have strong culm/stem 

characteristic (has greater capacity to resist wind 

damage), etc. Selected entries including strong culm 

and CPE lines have been crossed with parent Samba 

Mahsuri and F population have been phenotyped.2 

F  mutant bulks for strong culm and CPE were 2

sequenced and MutMap has been done to map the 

mutations in strong culm and CPE mutant rice lines. 

The MutMap analysis of strong culm phenotype 

indicated two promising regions, one at chromosome 

7 and another at chromosome 10 where the SNP 

index is 1.0. Interestingly, the MutMap analysis of two 

independent CPE mutants (rice mutant line no 109 

and 110) indicated two overlapping regions, one at 

chromosome 8 and another at chromosome 11 where 

SNP index value is reaching to 1.0 suggesting that 

possibly these two common regions are responsible 

for the CPE phenotype. A further detailed analysis of 

these candidate regions will allow development of 

molecular markers associated with the phenotype 

and also to characterize the role of genes responsible 

for strong culm and CPE phenotypes. 
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RESEARCH INTERESTS: 

• Molecular mechanisms of neurodegeneration caused by 

mutations in Optineurin

• Mechanisms of autophagy

• Mechanisms of signal transduction by NLRC4, a mediator of 

innate immune response

Selected recent publications

1. Swarup G, Sayyad Z(2018).Altered functions and

interactions of glaucoma-associated mutants of optineurin. 

Front. Immunol. 9: 1287.

2. Bansal M, Moharir SC, Sailasree SP, Sirohi K, Sudhakar C, 

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.

3. Raghawan AK, Sripada A, Gopinath G, Pushpanjali P, Kumar 

Y, Radha V, Swarup G (2017). A Disease-associated Mutant 

of NLRC4 Shows Enhanced Interaction with SUG1 Leading 

to Constitutive FADD-dependent Caspase-8 Activation and 

Cell Death. J. Biol. Chem. 292:1218-1230.

4. Sirohi K, Chalasani ML, Sudhakar C, Kumari A, Radha V, 

Swarup G (2013). M98K-OPTN induces transferrin receptor 

degradation and RAB12-mediated autophagic death in 

retinal ganglion cells. 94: 510-527.Autophagy 

5. Vaibhava V, Nagabhushana A, Chalasani ML, Sudhakar C, 

Kumari A, Swarup G (2012). Optineurin mediates a negative 

regulation of Rab8 by the GTPase activating protein 

TBC1D17. 125: 5026-5039. J. Cell Sci. 

“We showed that  opt ineur in promotes 

autophagosome formation during basal and 

starvation induced autophagy. We indentified and 

characterized a splice variant of optineurin that is 

defective autophagy. We re-characterized the 

photoreceptor cell line 661W and showed that 

these are retinal ganglion precursor-like cells.”

From Left to Right: Zuberwasim Sayyad, Shivranjani Moharir, Rajashree Ramaswamy, Ghanshyam Swarup, A K Raghawan, R Gopalakrishna

Ghanshyam Swarup
Molecular Mechanisms of Neurodegeneration caused by Mutations in Optineurin

CCMB Annual Report   2017-2018  |  124



Molecular mechanisms of neurodegene-

ration caused by mutations in optineurin

The central theme of our group's research is to 

understand the function of the protein optineurin

and to study the functional defects caused by 

disease-associated mutations in optineurin. 

Mutations in the coding region of the gene OPTN, 

which codes for the protein optineurin, cause 

glaucoma and ALS (amyotrophic lateral sclerosis), 

both neurodegenerative diseases. In glaucoma, the 

loss of vision is irreversible, which occurs due to 

progressive degeneration of retinal ganglion cells 

(RGCs) in the optic nerve head. ALS is a fatal 

progressive disease, which involves degeneration of 

motor neurons of the primary cortex, brainstem and 

spinal cord. Optineurin is also seen in pathological 

structures present in Alzheimer's disease and 

Parkinson's disease. It is a multifunctional protein 

involved in signal transduction, membrane vesicle 

trafficking and autophagy. However, the precise role 

of optineurin in these functions and functional 

alterations caused by mutations in optineurin are

not fully understood. A glaucoma-associated

mutant of optineurin, E50K, induced cell death 

selectively in RGCs but some other mutants did not. 

This suggested that E50K mutant causes glaucoma 

possibly by directly inducing death of RGCs. E50K 

mutant induced death of RGCs is due to impaired 

transferrin receptor function as well as due to 

impaired autophagy, a quality control mechanism that 

is used by the cell to remove damaged proteins and 

organelles through lysosomal degradation. 

TBC1D17, a GTPase activating protein for Rab 

GTPases, plays a crucial role in E50K-induced 

impaired autophagy and cell death (Figure 1).

M98K polymorphism is associated with glaucoma in 

certain ethnic groups. Like the E50K mutant, M98K-

OPTN induces cell death selectively in RGCs but not 

in other cells tested. But, unlike E50K-induced cell 

death, M98K-induced cell death is not inhibited by 

antioxidants or the anti-apoptotic protein Bcl2. 

Expression of M98K induces autophagy leading to 

transferrin receptor degradation and cell death. Thus 

an appropriate level of autophagy is essential for 

survival of RGCs because enhanced autophagy, as 

seen with M98K-OPTN, or a block in autophagy, as 

shown by E50K-OPTN, can lead to cell death.

To understand the function of optineurin in vivo, we 

have generated optineurin knockout mice by 

homologous recombination. These mice are born 

normally and did not show ALS phenotype or any 

other abnormality, suggesting, therefore, that the 

deficiency of optineurin is not sufficient to cause ALS 

in mice. These mice are being examined for various 

functional and cellular / molecular alterations in 

response to stress, such as ER stress.

We have re-characterized the photoreceptor cell

line 661W because these cells could be differentiated 

into neuronal cells. Our results suggest that 661W 

Fig. 1: E50K-OPTN induces death of retinal cells 
by various mechanisms that may contribute to 
glaucoma pathogenesis.
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cells are RGC precursor cells, which express

several markers of RGCs and cone photoreceptor 

cells. These cells possibly represent a developmental 

stage just upstream of differentiated RGCs, as

shown by expression of several molecular markers 

(Figure 2). This conclusion is supported by RGC-like 

property of selective induction of cell death by 

glaucoma-associated mutants of OPTN in these

cells but not in other neuronal cells that were

tested. Therefore, we suggest that these cells can

be utilized for exploring the molecular mechanisms

of RGC degeneration associated with glaucoma 

pathogenesis. We also observed that RGC-5 cells 

express the same RGC-specific and other molecular 

markers as seen in 661W cells.

Mechanisms of autophagy

We explored the role of optineurin in autophagosome 

formation. During autophagy, signaling events lead to 

formation of a cup-shaped structure called the 

phagophore that matures into the autophagosome. 

Fibroblasts from Optn knockout mouse showed

a lower number of autophagosomes and 

autolysosomes during both basal and starvation-

induced autophagy. However, the number of 

phagophores was not decreased in Optn-deficient 

cells. Phosphorylation of optineurin at S177 was 

required for autophagosome formation. Our results 

suggest that optineurin potentiates LC3-II production 

and maturation of phagophore into autophagosome, 

by facilitating the recruitment of Atg12-5-16L1 

complex to Wipi2-positive phagophore. An ALS 

associated mutant E478G-OPTN is defective in 

autophagosome formation. We have identified and 

characterized a splice variant of mouse optineurin 

which produces a truncated protein lacking N-

terminal 157 amino acids (d157mOptn). This mRNA 

and protein are expressed in several tissues and 

cells. It is defective in cargo-selective and non-

selective autophagy possibly due to loss of 

phosphorylation, impaired interaction with TBK1, and 

impaired recruitment to the phagophore. Our results 

provide an insight into the role of N-terminal domain of 

OPTN in various autophagic functions.

Mechanisms of signal transduction by 

NLRC4, a mediator of innate immune 

response

Our innate immune system responds to invading 

microorganisms, which are recognized by cell

surface (Toll-like receptors) or cytoplasmic receptors 

(Nod-like receptors, NLRs) to induce a protective 

response. NLRC4 (Ipaf), a NLR family member, 

activates caspase-1 in response to intracellular 

pathogens to induce production of proinflammatory 

cytokine interleukin-1 beta. We have shown that 

NLRC4 is a transcriptional target of p53 and is 

required for induction of cell death in response to 

chemotherapeutic drugs. The mechanisms which are 

involved in the activation of NLRC4 in response to 

upstream signals such as those generated by 

pathogen infection or chemotherapeutic drugs are not 

Fig. 2: 661W is a retinal 
ganglion precursor-like cell 
line that shows features of 
both retinal ganglion and 
cone photoreceptor cells.
These cells are probably 
derived from either retinal 
precursor cells (which give 
rise to various types of 
cells in the retina) or retinal 
ganglion progenitor cells, 
which differentiate into 
RGCs.
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known. In collaboration with Dr. Vegesna Radha, we 

identified a novel interaction between NLRC4 and the 

proteasome component Sug1, which enables 

ubiquitination of NLRC4 leading to FADD-dependent 

caspase-8 activation and cell death. Phosphorylation 

of NLRC4 at Ser533 plays a crucial role in caspase-8 

activation and cell death. Point mutations in NLRC4 

cause autoinflammatory syndromes. Though all the 

mutations result in constitutive caspase-1 activation 

their phenotypic presentations are different, implying 

that these mutations cause different alterations in 

properties of NLRC4. We showed that the auto-

inflammation associated H443P-NLRC4 mutant is 

altered in interaction with SUG1 and ubiquitinated 

proteins, triggering constitutive caspase-8 mediated 

cell death dependent on FADD, but independent of 

Ser533 phosphorylation. H443P-NLRC4 mutant 

causes familial cold autoinflammatory syndrome. 

Individuals carrying this mutat ions show 

autoinflammation, and symptoms get aggravated 

upon exposure to low temperature. H443P-NLRC4 

mutant induced inflammasome formation and 

caspase-1 activation are enhanced upon exposure to 

low temperature, but the mechanisms of temperature 

sensing are not known. We are currently investigating 

these mechanisms.
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RESEARCH INTERESTS: 

• Host-pathogen interactions during M.tb infection

• Identification of mycobacterial virulence determinants

• Mechanisms of antibiotic resistance in mycobacteria 

Selected recent publications

1. Viswanathan G, Jafurulla M, Kumar GA, Raghunand TR, 

Chattopadhyay A (2018). Macrophage sphingolipids

are essential for the entry of mycobacteria. Chem. Phys. 

Lipids 213:25-31.

2. Viswanathan G, Yadav S, Raghunand TR (2017). 

Identification of mycobacterial genes involved in β-lactam 

sensitivity - Implications in treatment of tuberculosis

with β-lactam containing regimens. Antimicrob Agents 

Chemother. 61: e00425-17. 

3. Viswanathan G, Yadav S, Joshi SV, Raghunand TR (2017). 

Insights into the function of FhaA, a cell-division associated 

protein in mycobacteria.  364:fnw294FEMS Microbiol. Lett.

4. Yeruva VC, Savanagouder M, Khandelwal R, Kulkarni AM, 

Sharma Y, RaghunandTR (2016). The Mycobacterium 

tuberculosis desaturase DesA1 (Rv0824c) is a Ca2+ binding 

protein. 480:29-35.Biochem. Biophys. Res. Commun. 

5. Yeruva VC, Kulkarni AM, Khandelwal R, Sharma Y, 

Raghunand TR (2016). The PE_PGRS proteins

of Mycobacterium tuberculosis are Ca2+ binding

mediators of host-pathogen interaction.  Biochemistry (ACS)

55:4675-4687.

“Our research is focused towards understanding 

the mechanisms of establishment and persistence 

of M.tb infection in its human host.”

From Left to Right: Raghunand Tirumalai, R Gopalakrishna, Ravi Prasad Mukku, Mamata Savanagouder, Ealisha Jain, Pavithra Parthasarathy

Raghunand R Tirumalai
Dissecting the Physiology and Pathogenic Mechanisms of Mycobacterium tuberculosis
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The extraordinary success of Mycobacterium 

tuberculosis (M.tb), the etiologic agent of human 

tuberculosis (TB), has been attributed to its ability to 

modulate host immune responses, facilitating its long 

term persistence. Control over the infection is 

complicated by the complexity of host-pathogen 

interactions where initial infection is followed by 

bacterial multiplication within mononuclear 

phagocytes, release of intracellular organisms, and 

dissemination. The identification and characterisation 

of bacillary factors involved in evasion, and their 

interplay with host defense components during 

infection is vital to understanding the pathogenic 

mechanisms of M.tb. We believe that understanding 

the basic biology of the pathogen and its interactions 

with the host is the best way forward towards the 

development of improved diagnostic reagents, 

vaccines and novel anti-TB drugs. Research in our 

laboratory is focussed towards characterising the 

events at the host-pathogen interface, the 

identification of bacillary virulence factors and 

identifying novel antibiotic resistance mechanisms.

Macrophage sphingolipids are essential for 

the entry of mycobacteria 

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. Although several studies have 

highlighted the crucial role of sphingolipids in 

mycobacterial growth, persistence and establishment 

of infection, the role of sphingolipids in the entry of 

mycobacteria into host cells is not known. In 

collaboration with the laboratory of Amit 

Chattopadhyay, we explored the role of host 

membrane sphingol ip ids in the entry of  

Mycobacterium smegmatis (M. smegmatis) into 

J774A.1 macrophages. Our results show that 

metabolic depletion of sphingolipids in host 

macrophages results in a significant reduction in the 

entry of M. smegmatis (Figure 1). Importantly, the 

entry of Escherichia coli into host macrophages

under similar conditions remained invariant,

implying the specificity of the requirement of 

sphingolipids in mycobacterial entry. To the best of our 

knowledge, our results constitute the first report 

demonstrating the role of host macrophage 

sphingolipids in the entry of mycobacteria. Our results 

could help in the development of novel therapeutic 

strategies targeting sphingolipid-mediated entry of 

mycobacteria into host cells.

Fig. 1: Confocal microscopic imaging confirms the requirement of macrophage sphingolipids for the entry of M. smegmatis. Representative 
confocal microscopic images showing entry of M. smegmatis into untreated (control), and FBI-treated macrophages. The panels show 
macrophages (DIC images) infected with M. smegmatis expressing dsRed2 (red). The nucleus of macrophages was stained with DAPI (blue). 

The merged images are shown in the last panel. The scale bar represents 10 mm.
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RESEARCH INTERESTS: 

• Analysis and evolution of the functional regions of the genome

• de novo prediction of protein-coding genes in eukaryotic and 

prokaryotic genomes

Selected recent publications

1. Jehan Z, Vallinayagam S, Tiwari S, Pradhan S, Singh L, 

Suresh A, Reddy HM, Ahuja YR, Jesudasan RA (2007).

Novel non-coding RNA from human Y distal heterochromatic 

block (Yq12) generates testis-specific chimeric Cdc2L2. 

Gen. Res. 17: 433-440.

2. Bhardwaj A, Mukerji M, Sharma S, Paul J, Gokhale CS, 

Srivastava AK, Tiwari S (2009). MtSNPscore: a

combined evidence approach for assessing cumulative

impact of mitochondrial variations in disease. BMC 

Bioinformatics 10: S7.

3. Paila YD, Tiwari S, Sengupta D, Chattopadhyay A (2011). 

Molecular modelling of the human serotonin1A receptor: role 

of membrane cholesterol in ligand binding of the receptor. 

Mol. Biosys. 7: 224-234.

4. Chattopadhyay A, PailaYD, ShrivastavaS, TiwariS, Singh 

P,Fantini J (2012). Sphingolipid-binding domain in the 

serotonin1A receptor. 749: 279-293.Adv. Exp. Med. Biol. 

5. Khurana R, Verma VK, Rawoof A, Tiwari S, Nair RA, 

Mahidhara G, Idris MM, Clarke AR, Kumar LD (2014). 

OncomiRdbB:  a  comprehens ive  da tabase  o f

microRNAs and their targets in breast cancer.

BMC Bioinformatics 15: 15.

“The interest of the group is in the analysis and evolution of the 

functional regions of the genome. We have done some previous 

work on de novo prediction of protein-coding genes in eukaryotic 

and prokaryotic genomes. Fine-tuning the parameters of the 

model according to the GC content of the region being analysed 

seems to improve our prediction accuracy and we are checking 

this out for genomes with different GC richness.”

From left to right : Vinay Rajput, Shrish Tiwari, Ram Chandra Panigrahi, Deepti Rao

Shrish Tiwari
Sequence Analysis of Biomolecules
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We are entering the area of prediction of non-coding 

RNAs and other regulatory motifs in the genome. At 

present this is restricted to a comparative genomics 

approach, but with the availability of genomes from 

closely related species, this approach is becoming 

increasingly powerful and accurate. Using a 

combination of experimental and computational 

approaches we have shown that a non-coding RNA 

expressed from the distal heterochromatin of the 

human Y chromosome contributes the 5'UTR of a 

testis-specific isoform of the autosomal gene 

CDC2L2. We have also uncovered a piRNA cluster on 

the mouse Y chromosome, which may be regulating 

autosomal genes.

Our search for SNPs that might be used as diagnostic 

markers resulted in a web-based platform, MtSNP 

score that helps to prioritise SNPs which may be 

involved in mitochondrial diseases. MtSNP score 

computes a score for every SNP in the mitochondrial 

genes that has a significantly higher frequency in 

patients compared to normal individuals. It takes 

inputs from several analysis programs to assess the 

damaging effect of the SNP, the higher the score, the 

more damaging the SNP. The score of each SNP in a 

patient is used to assess their combined effect. It was 

applied to a dataset of 90 patients suffering from 

sporadic ataxia, where all nuclear factors were 

eliminated, and was shown to be highly 

discriminatory, with no false positives, i.e. no normal 

individual was predicted to have ataxia based on their 

score. It was further tested on 6 Japanese datasets, 

each consisting of 96 mitochondrial genomes of 

individuals with a particular phenotype. The 6 

phenotypes were individuals with Alzheimer's, 

Parkinson's, diabetes with and without angiopathy, 

obesity and thin phenotype. In these studies we found 

that occasionally synonymous SNPs were also 

associated with a phenotype. This can happen when 

a rarely used codon is mutated to a more frequently 

used one, or vice versa. A possible explanation is that 

the rare codon introduces a translational pause, 

which allows the already formed protein chain to 

partially fold, thus avoiding aggregation. The 

translational machinery gets disrupted due to the 

mutation leading to misfolding of the protein. We are 

exploring this phenomenon, with an aim to predict 

which synonymous changes lead to altered protein 

function.

With the advent of next generation sequencing (NGS) 

technology, genome sequencing has become 

routine. We have analysed two NGS datasets 

generated for rice. In one case an elite indica restorer 

line was introgressed with chromosomal segments of 

a wild rice using molecular markers and a major yield 

QTL from the wild rice was found to be associated with 

higher yield in the selected introgression line. The 

restorer line and one of the introgressed lines were 

sequenced and analysed to identify the introgressed 

regions. In the other project, resistance genes to 

blight infection from a wild rice were introgressed in 

Samba Mahsuri (SM), a high quality rice from Andhra 

Pradesh. The resistant Samba Mahsuri were

selected and propagated to get the improved

Samba Mahsuri (ISM). SM and ISM (and a sister line 

of ISM (SISM)) were sequenced and analysed to 

identify regions of introgression. A protocol was 

developed based on clusters of SNPs specific to ISM 

and SISM to identify introgressed regions on all 

chromosomes. We are also in the process of 

analysing EMS mutant lines of rice with agronomically 

useful traits, using an approach known as MutMap, 

with the hope of identifying the genes responsible for 

the phenotype. In the MutMap approach stable EMS 

mutants, with a favourable agronomic trait, are 

crossed with wild-type parental line to get F1 

generation. F1 is selfed to get F2 generation, which 

segregates for mutant and wild-type phenotype. The 

plants exhibiting the mutant phenotype are bulked 

and sequenced along with the parental plant. The aim 

is to identify a cluster of SNPs that is present in almost 

all the mutant plants. These loci are predicted to be 

responsible for the observed trait.

Our group has also done some molecular modelling 

and docking studies on the GPCR serotonin 1A 

receptor. In particular we showed that the receptor 

with bound cholesterol has a more compact structure. 

Several agonists and antagonists, including 

serotonin, were docked on the structure predicted 

through homology modelling. We see that the binding 

sites for antagonists were relatively shallow 

compared to those of the agonists.
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RESEARCH INTERESTS: 

• Virulence mechanisms in Leishmania

• Host immune responses to parasitic infections

• Generation of immune memory

Selected recent publications

1. Rudra Chhajer, Anirban Bhattacharyya, Nicky Didwania,

Md Shadab, Nirupam Das, Partha Palit, Tushar Vaidya, 

Nahid Ali (2016). Leishmania donovani Aurora kinase: a 

promising therapeutic target against visceral leishmaniasis 

Biochemica et Biophysica Acta 1860: 1973–1988.

2. Srijani Basu, Sheetal Kaw, Lucas D’Souza, Tushar Vaidya, 

Vineeta Bal, Satyajit Rath, Anna George (2016). Constitutive 

CD40-signaling calibrates differentiation outcomes in 

responding B cells via multiple molecular pathways J. 

Immunology  197:761-770.

3. Mala Upadhyay, G. Krishna Priya, P. Ramesh, M.B. 

Madhavi, Satyajit Rath, Vineeta Bal, Anna George, Tushar 

Vaidya (2014). CD40 Signaling Drives B Lymphocytes

into an Intermediate Memory-Like State, Poised Between 

Naïve and Plasma Cells.  Journal of Cellular Physiology

229 (10), 1387–1396. 

4. Santosh K Panda, Sunil Kumar, Nitin C Tupperwar, Tushar 

Vaidya, Anna George, Satyajit Rath, Vineeta Bal, 

Balachandran Ravindran (2012). Chitohexaose activates 

macrophages by alternate pathway through TLR4 and 

blocks Endotoxemia.   8 (5):e1002717.PLoS Pathogens

5. Vidhi Puri, Aneesh Goyal, Rajan Sankaranarayanan,

Anton J Enright, Tushar Vaidya (2011). Evolutionary and 

functional insights into Leishmania META1: evidence for 

lateral gene transfer and a role for META1 in secretion BMC 

Evol. Biol. 11: 334.

“Our laboratory is interested in understanding host 
pathogen interactions that influence the outcome 
of infections.  Our model system is the protozoan 
pathogen, Leishmania donovani. Leishmania are 
transmitted from one human to another by an 
insect vector, the sand fly. In the insect, 
Leishmania exist as free-l iving, moti le 
Promastigotes while within the mammalian host, 
Leishmania reside within macrophages as 
immotile Amastigotes. Our long-term objectives 
are to identify and analyze molecules and 
mechanisms that confer any advantage to the 
parasite during the various stages of its life cycle.”  

From left to right : Tushar, Neeraja, Vidya, Nusrat, Jyotirmayee, Uma, Jenny, Devi Prasad, Ram Prasad, Pradyumna, (Inset) Satyjeet

Tushar Vaidya
Molecular Analysis of Host-Pathogen Interactions



Our laboratory is interested in understanding host 

pathogen interactions that influence the outcome of 

infections. Our model system is the protozoan 

pathogen, Leishmania donovani. Leishmania are 

transmitted from one human to another by an insect 

vector, the sand fly. In the insect, Leishmania exist as 

free-living, motile Promastigotes while within the 

mammalian host, Leishmania reside within 

macrophages as immotile Amastigotes. Our long-

term objectives are to identify and analyze molecules 

and mechanisms that confer any advantage to the 

parasite during the various stages of its life cycle.  

A Leishmania gene, META1, encodes a candidate 

virulence molecule. We have consistently observed 

that virulent Leishmania cells have greater META1 

expression than in attenuated cells, over a

wide range of conditions and environments. Using 

multiple criteria (sequence similarity, nucleotide 

composition, phylogenetic analysis, selection 

pressure on sequence etc.), we established that 

Leishmania META1 has been transferred by an 

ancient lateral gene transfer event between bacteria 

and a trypanosomatid ancestor. Superposition of 

META1 sequence on the solved structure of MxiM, a 

homolog in Shigella highlighted a putative 

hydrophobic cavity in META1. Mutagenesis of select 

hydrophobic residues in this cavity affects the 

secretion of the secreted acid phosphatase (SAP), 

indicating META1's involvement in secretory 

processes in Leishmania.

In ongoing experiments, we observed that 

overexpression of META1 causes a morphological 

reduction in size of Leishmania.  In late stationary 

phase cells, greater than 90% of META 

overexpressing Leishmania are one-fifth the size of 

the wild type cells (contrast to < 5% in wild type 

Leishmania). This phenotype is completely 

reversible; cells regain their size within 72 hrs, when 

they are fed with fresh media. The observed reduction 

in cell size is not associated with cell death nor 

induced merely by absence of nutrition or by the 

presence of spent media. Instead, parallel 

experiments suggest that META overexpression 

reduces the uptake and/or utilisation of nutrients. In 

both wildtype and META1 over expressing 

Leishmania there is a 10-20 fold increase in META1 

transcript at the time of the morphological reduction.  

However, upon re-feeding the cells with fresh media, 

both the endogenous and ectopically expressed 

transcript levels reduce back to log phase levels, 

consistent with reversal in cell morphology.  This also 

suggests a post-transcriptional control on META1 

levels that limits the amount of META1 in a stage 

specific manner. A specific point mutation in the 

putative pocket of META1 protein already shown by 

us to associate with increased secretion, also 

diminishes the cells ability to undergo this transition. 

This, together with our observation of reduced 

nutrient uptake, underscores the role for META1 in 

Leishmania secretory systems. Quite surprisingly, 

while overexpression of META1 derived either from

L. donovani (LdMETA1) and L. major (LmjMETA1) 

can induce a reduction in cell size against L. donovani 

background, both genes fail to do so in a L. major cell 

background, alluding to a possible role for META1 in 

tissue tropism. 

In addition, we have identified a novel pair of 

paralogous genes in Leishmania, which we have 

named Differential Regulated Genes, DRG1 and 

DRG2.  In all Leishmania species examined, DRGs 

occur as two paralogs (DRG1 and DRG2) on the 

same chromosome, each gene encoding virtually 

identical proteins except for the last six amino acid 

residues. The DRG proteins are predicted to have two 

transmembrane domains, with the C-terminal 

transmembrane domain being highly conserved in all 

related Trypanosomatids. Interestingly, despite 

coding for such closely related proteins, DRGs differ 

in stability, localization and function. We generated 

transgenic Leishmania ectopically singly expressing 

either a) DRG1 unique C-terminal domain or b) DRG2 

unique C-terminal domain and c) DRG, just the 

common DRG sequence, fused to the reporter 

protein, GFP. Confocal microscopy studies 

established that both the respective unique domains 

and the common domain are necessary for 

appropriate native localization of the DRG protein.

Currently, we are studying the differential regulation of 

DRG1 vs. DRG2 transcripts, in particular, the role of 

the evolutionarily conserved respective 3'UTRs. In 

Leishmania, gene regulation is thought to occur 

primarily at a post-transcriptional level. We initiated 

this effort by using bioinformatics approaches to 

predict likely cis-acting RNA elements (Pyrimidine 

rich tracts + COSMOS, a Statistical approach for 

Conserved Motif Search across species) in DRG1 vs. 

DRG2 mRNAs as well as the likely RNA binding 

proteins (RPI-Seq, an RNA-Protein interaction 

prediction + CISBP, a Catalog of Inferred Sequence 

Binding Preferences). Using these combinatorial 

approaches, we have identified and are testing broad 

putative regulatory regions in DRG1 / DRG2 3' UTR. 

Once the cis-regions are identified, this work will be 

extended to identifying their differential binding 
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protein partners through immunoprecipitation 

experiments and building an interaction map of the 

involved proteins.

As a corollary to our interest in host responses to 

infections, we have been studying the generation of 

immunological memory in B-lymphocytes. 

Interactions between CD40 on B cells and CD40L on 

T cells are responsible for several aspects of acquired 

immune responses including generation of memory B 

cells. We are currently studying the molecular 

mechanisms underlying the generation of memory B 

cells, stimulated by CD40 mediated events. In order 

to gain insights into early events leading to memory B 

cell formation, we analyzed the genome-wide 

expression profile of murine naive B cells stimulated 

in the presence of anti-CD40. We have identified 

nearly 10000 genes whose expression is altered 

minimally 1.5-fold at least at one-time point over a 

three-day time course. The array analysis indicates 

that changes in expression level of maximum number 

of these genes occur within 24 hours of anti-CD40 

treatment. Another approach to study the events 

following CD40 ligation has been to examine the 

expression of known regulators of naive B cell to 

Plasma cell transition. The expression profile of these 

regulatory genes indicates firstly, that CD40 signaling 

moves B cells to a memory phenotype that is 

intermediary between the naive and plasma cell 

stages of the B cell differentiation. Secondly, the 

major known regulator of plasma cell differentiation, 

BLIMP1, gets irreversibly down regulated upon anti-

CD40 treatment. We also observed that CD40 

signaling dominates over LPS signaling, in that even 

after anti-CD40 is removed from the cells, BLIMP1 

continues to be repressed. This observation in 

combination with our microarray results and our 

studies on candidate genes encoding chromatin-

modifying factors suggests a role for epigenetic 

events in the maintenance of this memory-like state. 

Additionally, our data suggests that CD40 signaling 

mediates BLIMP1 down regulation by non-Pax5/non-

Bcl6 dependent mechanisms. Our results also 

indicate that CD40 signal affects BLIMP1 regulation 

at a post-transcriptional level.

Currently, we are studying the mechanisms by which 

CD40 signaling targets BLIMP1 down regulation. We 

have examined the role of miRNAs in both the 

process of memory generation and the regulation of 

BLIMP1 transcript.  We find that miR26a, 23b, 30a, 

146, 17, 150 were down regulated and miR 292,155 

were upregulated respectively in CD40 stimulated B 

cells.  Further, in silico studies on these differential 

regulated miRNAs, suggest coordinated changes in 

miRNA and their respective targets (by microarray) in 

Fig. 1: Cell Surface Markers on murine B Lymphocytes: Expression tracked on Naïve Lymphocytes stimulated 
with either LPS or LPS+anti-CD40, for different duration of time and /or treatment strategies.
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early time scale events. We also find that specific 

candidate targets, namely, c-MYB, BTLA, PTEN, 

CCND2 and TRAF6, of our candidate miRNAs also 

exhibit commensurate changes in steady state level 

in CD40 stimulated B cells. 

Additionally, we are extending our previous

studies by characterizing the cells post CD40 

signaling along various parameters including cell 

surface markers, isotypes of Ig transcripts and 

longevity and survival. Cells receiving both stimulants 

proliferated to a greater degree, underwent more 

divisions and survived longer than those receiving 

only LPS. The co-stimulation also triggered more 

isotype-switching and expression of memory- 

(CD80+CD73+) and germinal center- (CD95+PNA+) 

specific markers, but lower expression of the

plasma cell marker, CD138. However, surprisingly, 

during their extended survival, LPS+αCD40-treated 

cultures shifted towards being predominantly 

CD138+, reaching about 75% by 18 days. 

Furthermore, upon premature termination of 

signaling to these cells, there was an increase in both, 

percentage of CD138+ cells as well as median of 

CD138+ expression, hinting at a transition from 

plasmablasts to plasma cells. This expression pattern 

inversely correlated with that of a reported division 

timer, c-myc, whose repression was not necessarily 

BLIMP1-driven. These stimulant-deprived cells also 

displayed a quiescent phenotype and were

capable of re-entering the cell cycle when re-

stimulated after the hiatus, possibly with CD138– 

cells dominating the response. Strikingly, the 

progressive terminal differentiation overlaps with a 

reduction in the propensity of cells to get re-

stimulated, consistent with the "decreasing potential 

model" proposed for T cells. Our results show that 

CD40 signaling extends the life span of B cells and 

retards the terminal differentiation triggered by LPS, 

thereby providing scope for other events like isotype-

switching and memory formation. Eventually, this 

versatility reduces over time or with cessation of 

signaling.  B cells then switch to a default terminal 

differentiation into plasma cells as they sense the end 

of their ability to divide further.
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RESEARCH INTERESTS: 

• Understanding organisation of vertebrate biological communities, 
by examining niche, history of colonization and stochastic events

• Understanding the ecology of vertebrate species using 
appropriate methods, so that effective species conservation 
measures can be implemented

• Understanding factors such as barriers, disease, nutrition and 
inbreeding that limit species dispersion, survival and propagation 
using appropriate tools, so that the limiting factors, and the 
synergies between them are revealed

• Understand the dynamics of co-evolution using venom in snakes 
and fungal pathogen infection in frogs

Selected recent publications

1. Mutnale MC, Anand S, Eluvathingal LM, Roy JK, Reddy GS, 

Vasudevan K (2018). Enzootic frog pathogen 

Batrachochytrium dendrobatidis in Asian tropics reveals

high ITS haplotype diversity and low prevalence. Sci. Rep.

8: 10125.

2. Mohan AV, Visvanathan AC, Vasudevan K (2018). 

Phylogeny and conservation status of the Indian egg-eater 

snake, Elachistodon westermanni Reinhardt, 1863 

(Serpentes, Colubridae). 39: 317-324.Amphibia-Reptilia 

3. Mohanty NP, Sachin A, Selvaraj G, Vasudevan K (2018). 

Using public surveys to reliably and rapidly estimate the 

distributions of multiple invasive species on the Andaman 

archipelago. 50: 197-201.Biotropica 

4. Jegath Janani S, VasudevanK, PerindiniE, DuttaSK, 

AggarwalRK (2017). A new species of the genus 

Nasikabatrachus (Anura, Nasikabratrachidae) from the 

eastern slopes of the Western Ghats, India.  34: 1-19.Alytes

5. Deuti K, Grosjean S, Nicolas V, VasudevanK, OhlerA (2017). 

Nomenclatural puzzle in early Xenophrys nomina 

(Megophryidae, Amphibia) solved with description of two

new species from India (Darjeeling hills and Sikkim, India). 

Alytes 34: 20-48.

“Chytrid fungus an emerging infectious wildlife 
disease, is enzootic in Indian frogs and the strains 
involved in infecting frogs are closely related to the 
Global Pandemic Lineage. We have been able to 
collect snake venom from saw scaled viper from Goa 
and identify 54 different proteins belonging to 10 
different families, and identified variations in the 
venoms from Goa and Tamil Nadu. After 
reconstruction of phylogeny of oriental pycnonotid 
bulbuls, we have been able to identify multiple events 
of colonisation that has led to diversification in the 
Indian subcontinent. We have been able to 
standardise 15 microsatellite primers for population 
studies on riverine crocodile gharial using DNA 
isolated from non-invasive eggshell samples.”

From Left to Right: (first row) : B Sambasiva Rao, K Rajya Lakshmi, Karthikeyan V, Siddharth Bhatia, P Anuradha Reddy
(second row): Snehalata Vadigi, Ravi Singh, Ashish Jha, Afsar Soghra

Karthikeyan Vasudevan
Ecology and Conservation of Endangered Species
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Species distribution and biogeography

Bulbuls are specious oscines of old world with clearly 

defined monophyly of African and Asian genera. The 

Asian bulbul assemblage comprises of 93 species in 

13 genera of which India has 22 species in eight 

genera. Using molecular data, phylogenetic 

placement of Indian bulbuls was made and 

biogeographic relationships were drawn. Ancestral 

range reconstruction predicts Sundaland as seat of 

global bulbul lineages. With the exception of the 

Genus Hypsipetes, Indian bulbuls are of Sundaic 

origin and used Indochina as their colonization route. 

Molecular dating revealed that oldest among Indian 

bulbuls: the Himalayan species Pycnonotus striatus, 

Pycnonotus mcclellandii; and the Peninsular Indian 

species Pycnonotus xantholaemus (Figure 1), 

Pycnonotus luteolus, diverged during late Miocene 

(11.63 Mya - 5.33 Mya). During this period, peninsular 

India exhibited extensive aridification, leading to rapid 

shrinking of mesic habitats, leading to a high turnover 

of species occupying this region. The range restricted 

species in the Western Ghats diverged from their 

sister species recently during the Pliocene (5.33 – 

2.58 Mya). The Indian sub-continent has served as a 

stepping stone for Pycnonotus and Hypsipetes that 

colonized Africa during Pliocene, and Malagasy 

Islands during early Pleistocene respectively. Early 

colonizers into India remain range restricted in 

isolated mesic habitats as relic species e.g. 

Pycnonotus xantholaemus. Other species have 

dispersed into west Asia, Madagascar and Africa. 

Some endemics arose from recent speciation events 

in the Western Ghats. These events have shaped 

India to become a rich repository of Asian bulbul 

phylogenetic diversity.

Endangered species ecology

The Gharial (Gavialis gangeticus) is endemic to the 

Indian subcontinent riverine crocodile and is critically 

endangered. This is one among the longest living 

reptilian species (up to 100 years) and spends 

roughly half of its lifetime reproducing. Since it has a 

prolonged pre-reproductive period, the loss of adults 

or their failure to reproduce will have profound effects 

on future population trends. The Gharial Ecology 

Project (GEP) has been catching and tagging the

adults in Chambal River, which has the largest 

breeding population in the wild. During this process,

GEP team collected the scute samples from

adults and are being used at LaCONES for genetic 

studies of the Chambal population using 

microsatellite markers. We have also collected 

approximately 5000 egg shells from different nesting 

sites in two consecutive years (2017 and 2018). We 

are isolating DNA from the egg membranes and 

identify adults involved in egg laying during a 

breeding season. By doing so, we will also be 

revealing breeding and parenting behaviours by the 

gharials in Chambal. We made a comparison of

heterozygosity of Chambal population with that of

ex-situ population from a published study using five 

microsatellite markers. We found that the Chambal 

population was less heterozygous than the ex-situ 

population (Table). This has implications for 

restocking of gharials in-situ from zoo populations. 

Table: A comparison of gharial population genetic diversity
ex-situ and in Chambal. Sample size (N), observed number 
of alleles (K), observed heterozygosity (Hobs), expected 
heterozygosity (Hexp), and polymorphic content (PIC).

Population Microsatellite k N HObs HExp PIC
 Marker

Chambal 3 94 0.362 0.515 0.437
G2 

Ex-situ 6 32 0.983 0.729 0.738
 

Chambal 2 89 0.247 0.218 0.139
G5 

Ex-situ 8 31 1.000 0.814 0.569
 

Chambal 1 94 0 0 0
G6 

Ex-situ 7 31 1.000 0.779 0.666
 

Chambal 2 94 0.511 0.451 0.348
G7 

Ex-situ 8 31 0.843 0.742 0.608
 

Chambal 5 88 0.648 0.59 0.554
G8 

Ex-situ 5 31 0.961 0.659 0.577
 

Fig. 1: Yellow throated bulbul, Pycnonotus xantholaemus 
an endemic species in peninsular India (Photo: Ashish Jha)
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Venom biology

In India, snakebite is a socio-medical problem with 

about 2-3 million bite cases annually, of which about 

50000 people lose their lives. This alarming rate of 

mortality is attributed to lack of antivenom supply to 

Primary Health Centres and ineffectiveness of the 

antivenom, among several other factors. Antivenoms 

are prepared from sera of animals that are 

hyperimmunized with whole venom which results in 

polyclonal antisera containing numerous antibodies 

with specificities not confined to the toxins. Our 

objective was to characterize the variation among 

saw-scaled viper venom collected from Chennai, 

Goa, Rajasthan and Odisha. We performed 

comparative venomics of saw-scaled viper venom 

from Tamil Nadu and Goa. 2-3 mg of crude, 

lyophilized Echis carinatus venom (procured from 

Irula cooperative society) was dissolved in 100 µl of 

5% ACN, 0.1% TFA solution and centrifuged at 13000 

rpm for 10 minutes. Supernatant was fractionated by 

Reverse-phase chromatography using Agilent LC 

1200 series (Agilent technologies, CA, USA) and 

Zorbax 300SB C-18 (4.6 X 250mm, 5 µm) column. 

Linear gradient of 0.1% TFA (Solvent A) and 100% 

Acetonitrile (Solvent B) using following elution 

condition: 5% B for 5 min, 5-15% B for 25 min, 25-40% 

B for 120 min and 40-70% for 20 min. Collected 

fractions were dried in a Speedvac (ThermoFisher, 

CA, USA) and reconstituted with water 10 µl of each 

fraction was run under reducing and non-reducing 

conditions. Since disulfide bonds play an important 

role in protein folding and the stabilization of tertiary 

structure in toxins, running the gel under different 

conditions helps in determining subunit composition 

of each fraction. Detection of proteins separated by 

reverse-phase HPLC is performed at 215 nm. Given 

that the wavelength of absorbance for a peptide bond 

is 190–230 nm, protein detection at 215 nm allows 

estimation of the relative abundances of the different 

protein families. We could identify 54 different 

proteins belonging to 10 different families which 

contained around 22 different isoforms of 

Metalloproteinase, two isoforms of L-amino acids, 

seven isoforms of serine protease and nine different 

proteins belonging to Snaclec from the Tamil Nadu 

samples. Venom from three saw-scaled vipers were 

collected from two locations in Goa. They were stored 

in -20°C and transported in dry ice to CCMB. The 

samples were pooled and analyzed using the same 

workflow as for Tamil Nadu venom samples. The bar 

plot shows the comparison of venom samples from 

two regions (Figure 2).

Disease ecology

Emerging Infectious Diseases (EIDs) are a major 

threat to wildlife and a key player in the declining 

amphibian population phenomena worldwide.

One such EID is chytridiomycosis caused by 

Batrachochytrium dendrobatidis (Bd), a fungal 

pathogen. Aetiology of Bd infection is poorly known 

from tropical frogs in Asian biodiversity hotspots. 

Surveys were carried out in four biodiversity hotspots 

to ascertain the status of Bd fungus. We collected a 

total of 1870 swab samples from frogs representing 

32 genera and 111 species. Nested PCRs revealed 

low prevalence (8.4%) and high Bd haplotype 

richness was revealed after sequencing. We 

document 57 Bd Internal Transcribed Spacer

Fig. 2: Comparison of relative abundance of venom proteins from samples that originated from Goa and Chennai.
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region (ITS) haplotypes, of which 46 were unique to 

the global database. Bd ITS region showed indels at 

the Taqman binding site and qPCR reverse primer 

binding site, suggesting qPCR is unsuitable for 

diagnosis in Asian Bd coldspots. Our median-joining 

network and Bayesian tree analyses reveal that the 

Asian haplotypes, with the exception of Korea, 

formed a separate clade along with pandemic BdGPL 

(Bd Global Panzootic Lineage) haplotype. We 

hypothesise that the frog populations in Asian tropics 

might harbour several endemic strains of Bd, and the 

high levels of diversity and uniqueness of Bd 

haplotypes in the region, is probably due to historical 

host-pathogen co-evolution.

Habitat ecology

Monospecific dominant and recalcitrant understory 

vegetation layer is a significant threat to local 

biodiversity with an ability to alter forest ecosystem 

dynamics. Studies conducted elsewhere suggest that 

understory plant invasions, be it native or exotic 

species, exert strong competition on surrounding 

plants. Recalcitrant understory layers are 

characterized by low plant diversity, it limits tree 

seedling establishment, regeneration and restricts 

adult tree growth. Thus, monopolization of forest 

understory by a single species, such as Lantana 

camara, can lead to substantial declines in forest 

ecosystem stability and productivity. In this project we 

aim to understand the factors that promote mono-

dominant understory layer, quantify their effects on 

tree carbon sequestration in a tropical deciduous 

forest. In Amrabad Tiger Reserve (ATR), Telangana, 

we observed a distinct understory plant invasion by 

an exotic species (Lantana camara) and a native 

species (Phoenix loureirii). Ten 100 m * 100 m plots 

will be marked in each of these understory types, to 

assess their effects on tree growth. Tree growth will 

be measured using dendrometer bands. We will also 

use these plots to measure variations in resources 

available to each understory species, to ascertain if 

resources play a key role in their proliferation. 

Disturbance histories of the location will be collected. 

At present, we are conducting a scoping study in ATR 

(2600 sq.km.) to identify suitable sites to lay plots. A 

total of approx. 175 km of trail length was observed, 

which is a representative sample of about 1084 sq. 

km. of area within the core zone of ATR (Figure 3). 

Three to four sites of dense understory vegetation 

were identified for marking plots. We laid our first 1 

hectare north oriented square plot in a dense Lantana 

understory site and we are continuing the work.

Fig. 3: Map showing the core zone of Amrabad Tiger Reserve, Telangana, India.
The yellow dots represent all the trails navigated and observation points to establish vegetation plots.
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RESEARCH INTERESTS: 

• Regulation of cytoskeleton and cell differentiation

• Mechanism of action of cell death regulators

Selected recent publications

1. Shakyawar DK, Muralikrishna B, Radha V (2018).C3G 

dynamically associates with nuclear speckles and regulates 

mRNA splicing.  29:1111-1124.Mol. Biol. Cell 

2. Shakyawar DK, Dayma K, Ramadhas A, Varalakshmi C, 

Radha V (2017). C3G shows regulated nucleo-cytoplasmic 

exchange and represses histone modifications  associated 

with euchromatin.   28: 984-995.Mol. Biol. Cell

3. Raghawan AK, Sripada A, Gopinath G, Pushpanjali P, Kumar 

Y, Radha V, Swarup G (2017).  A disease-associated mutant

of NLRC4  shows  enhanced interaction with SUG1 leading

to constitutive FADD dependent caspase-8 activation and

cell death.  292:1218-1230.J. Biol. Chem.

4. Sasi Kumar K, Ramadhas A, Nayak SC, Kaniyappan S, 

Dayma K, Radha V(2015). C3G (RapGEF1), a regulator

of actin dynamics promotes survival and myogenic 

differentiation of mouse mesenchymal cells. Biochim. 

Biophys. Acta. 1853:2629-2639.

5. Mitra A, Sasikumar K, Parthasaradhi BV, Radha V (2013). 

The tyrosine phosphatase TC48 interacts with and 

inactivates the oncogenic fusion protein BCR-Abl but not 

cellular Abl.  1832: Biochim. Biophys. Acta.Mol.Basis of Dis.

275-284.

“During the year we identified novel properties & effector 
functions that explain the essential role of C3G in 
maintaining cellular homeostasis. Dynamic localization 
to nuclear speckles & the centrosome, suggest its role in 
regulating gene expression and centrosome functions. 
Significantly, we show that C3G functions to maintain 
centriole number and cilia resorption, an important 
property for a cell fate determinant. These findings 
explain why loss of C3G causes early embryonic 
lethality, and suggest that mutations in C3G may cause 
developmental defects called ciliopathies in humans. 
Experiments using disease associated mutants of 
NLRC4 have identified heat shock proteins as 
components of the inflammasome and their role in cold 
induced inflammation resulting from a mutation in 
NLRC4. These studies impact our understanding of 
normal cell functions at a molecular level and how 
deregulation can cause pathology.”

From left to right : Dhruv Kumar, Kunal Dayma, Vegesna Radha, Bh. Muralikrishna, Divya Sriram, Sanjeev Chavan Nayak, Ch. Ramulu

Vegesna Radha
Signaling and Regulation of Cell Fate
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Regulation of C3G expression & localization - 

Identifying novel functions for C3G in the 

nucleus, and at the centrosome

Physiological processes such as proliferation, 

differentiation, cell death and tissue morphogenesis, 

are dependent on signaling molecules that control 

gene expression and cytoskeletal dynamics. A large 

number of human disorders are associated with 

defective signaling and cell fate decisions. Our 

research focuses on characterizing regulatory 

molecules of intracellular signaling pathways leading 

to differentiation, to understand how this fundamental 

process is controlled, and how deregulation results in 

pathological situations. We hope to identify molecular 

determinants regulating cell fate. These studies 

impact our understanding of normal development and 

maintenance of adult tissue integrity. Currently, our 

focus is on the guanine nucleotide exchange factor, 

C3G, which is ubiquitously expressed and functions 

in multiple signaling pathways. C3G regulates 

activation of small GTPases, Rap, R-Ras and TC10 

and is known to have functions dependent on both 

catalytic and protein interaction domains. C3G is 

essential for mammalian embryonic development 

and many cellular functions in adult tissues. The 

molecular effectors and function of C3G in foetal and 

adult tissues are poorly defined. Studies in our 

laboratory showed for the first time an involvement of 

C3G in signaling to actin reorganization, and its role in 

differentiation. We have shown that C3G functions as 

a negative regulator of β-catenin signaling and may 

therefore control cell fate. How C3G regulates 

differentiation and other cellular functions is not fully 

understood.

Our studies showed that functional NLSs and

NES present in C3G primary sequence, & GSK-3β 

kinase & okadaic acid sensitive phosphatases 

regulate dynamic exchange of C3G between 

cytoplasm & nucleus. In the nucleus, C3G represses 

histone modifications associated with euchromatin, 

and causes peripheralization of heterochromatin, 

indicating that C3G plays a role in regulating 

chromatin dynamics. This effect of C3G is mediated 

by histone deacetylases. Using ShRNA and 

CRISPR/Cas approaches, we showed that C3G is 

required for maintaining histone modifications and 

expression of CDK inhibitors, p21 & p27. C2C12 

clones lacking C3G, do not show upregulation of 

MHC, & do not fuse to form myotubes when grown in 

differentiation medium.

In addition to chromatin modification, C3G 

dynamically associates with nuclear speckles and 

regulates RNA splicing. Enhanced association of 

C3G with speckles is seen upon inhibition of

splicing, GSK3β inhibition, or differentiation of

C2C12 cells to myotubes (Figure 1). CRISPR/Cas9 

mediated knockdown of C3G resulted in altered 

splicing of endogenous genes and reduced

staining for SC35 in speckles. C3G knockout

clones of C2C12 as well as MDA-MB-231 showed 

reduced protein levels of several splicing factors 

compared to control cells. Our results identify

novel nuclear functions of C3G in regulating 

chromatin dynamics and RNA splicing. Both

these properties indicate that regulated nucleo-

cytoplasmic exchange of C3G is important for the 

function of C3G in controlling gene expression.

Fig. 1: Images showing dynamic 
localization of C3G to nuclear speckles. 
(A) MDA-MB-231 cells were either left 
untreated (Control) or treated with 
Isoginkgetin, an inhibitor of splicing. 
Cells were fixed and subjected to 
immunofluorescence with antibodies 
against C3G and SC35. Images of a 
single Z-section through the centre of 
the nucleus acquired on a confocal 
microscope are shown. (B) C2C12 cells 
were grown in growth medium (GM) or 
differentiation medium (DM) for 72 h, 
and immunostained for expression of 
C3G and SC35. C3G translocates and 
localizes to speckles in differentiated 
myotubes.
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GSK3β interacts with, and phosphorylates C3G to 

retain it in the cytoplasm. In vivo and in vitro assays 

using phosphorylation site mutants showed multiple 

sites of phosphorylation by Gsk3β.  Using deletion 

constructs, we identified that the central domain of 

C3G is sufficient for interaction with Gsk3 beta. C3G 

over-expression represses, and knockdown of C3G 

enhances Gsk3 beta activity. During the year, we also 

generated and characterized a novel monoclonal 

antibody that is useful in multiple applications to study 

cellular functions of C3G and its interacting partners.  

Examination of the expression of C3G in different cell 

types and functional regions of the brain showed 

predominant cytoplasmic localization of C3G in 

neurons, but not in glial cells. Colocalization with

DCX and Nestin showed that it is also expressed

in neural precursor cells. C3G expression was

high in embryonic brain, even before neuronal 

differentiation is completed. Unlike all other mouse 

tissues and cell lines, an alternate isoform of larger 

size is predominantly expressed in embryonic and 

adult mouse brain.

Centrosomes and primary cilia present in all animal 

cells, enable decisions of cell fate and regulate 

multiple cellular functions. Key molecular players 

responsible for centrosome division or formation of 

primary cilia are largely undefined.  Work during the 

year showed that RapGEF1 localizes to the 

centrosome and functions to regulate centriole 

division and primary cilia dynamics. In Interphase 

cells, it is associated with the mother centriole, as 

shown by its interaction and co-localization with 

cenexin, an appendage protein. In prophase cells, it is 

associated differentially with the newly divided 

centrosomes and equally distributed to both 

centrosomes in later mitotic phases (Figure 2). 

Differentiated C2C12 cells show loss of C3G from 

centrioles and localization to the nucleus. Over-

expression of RapGEF1 results in inhibition of 

centrosome division in normal and hydroxyurea 

treated cells. Cells depleted of C3G by CRISPR/Cas9 

showed supernumerary centrioles and abnormal 

primary cilia, with an increase in the proportion of 

ciliated cells, having longer structures. C3G depleted 

cells showed reduced cellular levels of cenexin, and 

unlike WT cells, do not resorb their primary cilium 

upon stimulation to re-enter the cell cycle. C3G knock 

out cells proliferate slowly due to G1 arrest and and 

reduction in expression of cyclin D1. Our results 

suggest that RapGEF1 functions to regulate 

centrosome dynamics, and this property may be 

important for its role as a cell fate determinant during 

embryonic development.

Determination of how disease associated 
mutants trigger constitutive cell death 
signaling

In collaboration with Dr. Ghanshyam Swarup, we 

have shown that one of the autoinflammatory 

syndrome-causing mutants of NLRC4, H443P, but 

not other mutants constitutively activates caspase-8 

and induces apoptotic cell death in human lung 

epithelial cells. Following up on this work, we showed 

that HSC70, and HSP70, two molecular chaperones 

associate with Ipaf inflammasome, and that HSC70 

functions to negatively regulate caspase-1 activation. 

H443P mutant shows differential interaction with 

HSC70, and cold sensitivity.

Fig. 2: Localization of C3G in mitotic cells. C2C12 cells were stained for C3G (red), 
and g-tubulin, a centriole marker (green). Panels show cells in various stages of mitosis.
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RESEARCH INTERESTS: 

• Signal Transduction in human health and disease conditions

• Molecular Evolution of Genes and Species

• Wildlife Forensics

Selected recent publications

1. Verma SK (2017). Letter on In Depth "New India nears 

putting GM mustard on the table". Science (10 July 2017). 

http://science.sciencemag.org/content/352/6289/1043/tab-

e-letters

2. Verma SK (2017). Letter on In Depth "Critics assail India's 

attempt to 'validate' folk remedy". Science (16 May 2017). 

http://science.sciencemag.org/content/355/6328/898/

tab-e-letters

3. A Revolution in Wildlife Forensics. India Perspectives, 2015, 

Vol.29, Issue 4, pp 74-75. (A cover “Success Story” by 

Ministry of External Affairs Govt. of India, published in 16 

languages and distributed in 170 countries).

4. Verma SK, Sarkar MK (2015). Decalepis arayalpathra (J. 

Joseph & V. Chandras.) Venter, an endemic and endangered 

ethno medicinal plant from Western Ghats, India. Nat. Prod. 

Res. 29: 394-395.

5. Verma SK, Goswami GK (2014). DNA evidence: Current 

perspective and future challenges in India. Forensic Sci. Int. 

241: 183-189.

“The focus of our laboratory is to study the signal 

transduction pathways in human health and 

disease; and applied research in the area of wild 

flora and wild fauna forensics and conservation.”

From Left to Right: Sunil Kumar Verma, P M Vetriselvi, B Kruthika Prasanna, S P Ratish Prashanth

Sunil Kumar Verma
Signal Transduction Studies in Human health and Disease and Molecular
Biology Applications in Wildlife Conservation

CCMB Annual Report   2017-2018  |  143



Plant species, which are unique to a defined 

geographic unit such as an island/nation or habitat 

type and are not found elsewhere, are known as 

endemic plant species. India is a treasure house of 

valuable medicinal and aromatic endemic plant. In its 

10 Biogeographic zones, it houses 47,513 different 

plant species, which represent 11.4% of world flora in 

about 2.4% of global land mass. According to an 

estimate approximately 5725 species (belonging to 

147 genera) of flowering plants of India are endemic. 

In the last decades, a large number of the Indian 

endemic plant species have become threatened, 

some of them have already become extinct and many 

of them are at the verge of extinction; therefore, 

systematic documentation of these species followed 

by targeted governance and conservation efforts are 

the need of the time. Once these are lost from their 

native habitat they will be lost forever from the entire 

world, as they are not found anywhere else. In order to 

develop an effective conservation plan and policy for 

these plant resources, the very first step is to identify 

them appropriately from any part or even their product 

which could be done only via the current state-of-the-

art molecular markers based approaches.

Secondly, since the last couple of years, the 

'Convention on Biological Diversity (CBD)', to which 

India is a signatory, is working intensely to evolve the 

global multilateral benefit-sharing mechanism to 

address the fair and equitable sharing of benefits 

derived from the utilization of genetic resources and 

traditional knowledge associated with genetic 

resources. Article 10 of the Nagoya Protocol 

specifically talks about these mechanisms. Though 

the mechanisms, which are being evolved by CBD 

seem very neutral and fair, the key to implement these 

provisions lie completely in the capacity of the specific 

nation to their claim on such knowledge. In the 

absence of proper legal ownership of these plant 

resources and associated traditional knowledge,

it would be impossible for any nation to claim rights on 

such resources and knowledge, directly leading to 

major economic losses.

Thirdly, the current domestic market of Indian 

Systems of Medicine and Homeopathy is of the order 

of Rs. 4,000 crores, which is expanding day by day. 

According to a WHO report, the international market 

of herbal products is estimated to be US $ 62 billion 

which is poised to grow to US $ 5 trillion by the year 

2050. How much stake India will have from this 

whopping US $ 5 trillion will depend on three factors: 

(i) a proper identification and documentation of our 

traditional knowledge on the medicinal plants and 

associated genetic resources, (ii) a modern 

understanding of mode of action of the active 

ingredients which are responsible for the medicinal 

properties of these plants, (iii) availability of an 

empowered, a very specialized legal system to claim 

rights on the traditional and newly generated 

knowledge in this arena.

In order to address the above issues, our group is 

focusing on the development of novel DNA

based identification system for endemic plant

bio resources for the purpose of (i) claiming the

legal ownership on such resources and (ii) providing 

the scientific account of our traditional knowledge

on the usage of these plants for human welfare 

including health benefits. To this end, we have 

developed a robust MatK markers based 

identification system and analysed more than 80 

medicinal plant species including the herbal

samples to establish their identity. Further, during

this reporting year, we have also developed a fast 

track translation (FTT) project with the aim to test

this system with more than 500 taxonomically 

identified plant samples and develop a database of 

these plant to finally translate it into a National Wild 

flora Identification and Forensics Service, which 

would be first of its kind of laboratory in India.
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Research Facilities
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Confocal Microscope (Leica TCS SP8).

This facility uses inverted microscopes with various objectives and receives illumination from various laser lines 

(405,458,477,488,514,532,543,561,594 and 633nm).

The SP8 has the additional hybrid detectors which can scan weak samples and perform photon counting.

High Resolution and Sensitive Laser Scanning Confocal Microscope (Zeiss Airyscan 

LSM880)

The microscope is a high resolution confocal microscope with a hexagonal microlens array that connects to a 

linear Ga-Asp detector for collecting all light of an airy disk simultaneously. Each detector element functions as a 

single very small pinhole of 0.2AU. This enables very high efficient imaging by making use of all the photons 

collected by the objective. This gives a higher resolution in the lateral and axial direction.

Multiphoton Confocal Microscopy System (LSM510META NLO) 

This facility has the IR-laser (Chameleon Ultra II), which allows 

greater penetration with minimal photo bleaching. It has the Non-

Descanned Detectors (NDD), which has the ability, to efficiently 

collect fluorescence from specimens that scatter light strongly such 

as brain sections. Excitation fingerprinting is an additional advantage 

of this system.

The above systems are provided with facilities for the following 

applications:

Scanning and analysis of single and multi-labeled samples 

combined with Differential Interference Constrast (DIC), 3D 

reconstruction, kinetic analysis, ratio analysis, spectral analysis, 

Fluorescence Recovery after Photo bleaching (FRAP) and 

Fluorescence Resonance Energy Transfer (FRET).

Advanced Fluorescence Stereo Microscope with 

Apotome

This is a high resolution stereo microscope with optical sectioning 

using structured illumination principle. The system can be used for 

fluorescence, bright field and DIC imaging with a zoom ratio of 16.

It can be used to scan Drosophila, zebrafish, plant samples and 96 

well plates. Tile scans can also be done on the system. 3D 

reconstructions is a part of the analysis software.

Bitplane Software for Image Analysis:

The software allows to do 3-D volume or mixed model rendering of the optical sections acquired from different 

confocal microscopes and can generate movies. It can perform 3D counting and measurements.

Advanced Microscopy and Imaging Facility 

The facility is equipped with Axioplan2 imaging system, Axioimager Z2 microscope, Live cell imaging

system Axiovert 200M, Total Internal Reflection Fluorescence Microscopy system (TIRF), Apotome

microscope. 

1.1.B. Research Facilities



Animal House

CSIR-CCMB's Animal House was established in 1987 with the main objective of supplying defined

strains of  mice, rats and rabbits to the scientific community of the centre for research under strict

regulation from CPCSEA, Ministry of Environment, Forest & Climate Change, Government of India.

All animal house activities are regulated by Online indenting system for experimental animals

(ONTEXA) software. Using this software, the scientists can raise online animal requests as per

Institutional Animal Ethical Committee (IAEC) approved project inventory platform to regulate

animal census, mortality, animal production and supply details and monitoring platform to generate

the data of microbial, genetic monitoring along with microenvironment parameters of animal rooms.

The Animal House also provides orientation and training to all authorized animal house users to

maintain high standards of humane, ethical and responsible use of animals in their research.

The Animal House includes a National Facility for Transgenic and Knockout Animals established

in 2002 by a grant from CSIR and DST, and subsequently maintained by core funds. Together, the facility 

maintains 46 strains of mice including transgenic & knockout mouse models, immuno- compromised

(nude) mice, two strains of rats, one strain of hamster and one strain of rabbit. All the mice and rat

colonies are housed in individually ventilated caging system (IVCs) where inflowing air is filtered through

a hepa filter system imported from Techniplast, Italy. All animal rooms are environmentally controlled

and monitored for temperature, humidity and an automatically timed 12 hr light dark cycle.

The Animal House team comprises of two trained veterinarians and 14 trained staff members who

are involved in breeding, management of various lab animals and providing technical support to a

variety of ongoing projects. The total number of projects approved for animal experimentation

under IAEC in this year is 126. Number animals supplied during the year 2017-18 is as follows:

Mice:  5709     Rats:  191        Rabbits: 18
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BSL 2 & 3 Laboratories

The biosafety levels (BSL) 2 and 3 laboratories provide a safe working environment for high risk

and high-security microbial pathogens, where trained users handle various pathogenic microbes.

The labs cater to the infrastructural requirements of research groups in CSIR-CCMB working in

areas of virology, bacteriology and parasitology. The laboratory design and standard operating

procedures protect the user, environment, and the community from any risk. Each level of containment

has specific microbiological practices, safety equipment and facility safeguards for the corresponding

level of risk associated with handling of a particular agent.

Cell Culture Facility
The centralized Cell Culture Facility of CSIR-CCMB caters to the needs of all groups in the institute using cells 

for their research. The facility maintains a variety of cell lines for experimental purpose, and  provides cell lines, 

media, serum, plastic-ware and other specific solutions  for more than 100 users in the institute. Experts help in 

training CSIR-CCMB staff, students and researchers in cell culture techniques. The facility also serves as a 

repository for cells, and provides cell lines to various scientific organizations, educational institutions and 

industries in the country.

The facility is well equipped with laminar flow hoods, CO  incubators, inverted microscopes, freezers, cold 2

storage, liquid nitrogen storage facility, Floid cell imaging system, electroporator & nucleofector, automated cell 

counters, photo-dynamic therapy instrument, hypoxia chamber, etc. A dedicated BSL2  facility is available that 

permits use of reagents/ viruses/human primary cells requiring biosafety measures. The staff is well trained in 

maintenance of cell lines, organ explant and primary cultures, cell fusion to produce monoclonal antibodies, 

DNA transfection to establish stable clones and cryopreservation of cells. The staff also provides technical help 

to facility users as and when required. Around 

150 different cell lines are at present being 

maintained in the facility. We ensure that the 

lines are validated to be free of contamination, 

and also carry out STR profiling for commonly 

used human cell lines. Regular training courses 

on animal cell culture (demos & hands on) for 

students / researchers from universities/ 

research institutes/industry interested in 

learning cell culture techniques are conducted. 

Other services like cell proliferation and 

apoptosis assays, generation of stable cell lines 

and monoclonal antibodies are extended to 

researchers in and outside CCMB.
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DNA Microarray Facility

Microarray is a high-throughput technique for analyzing expression levels of thousands of genes or genotyping 

large numbers of SNPs in a single experiment.

The microarray facility is equipped to do genome wide analysis with applications in basic research as well as in 

biomedicine and agro biotechnology. Microarrays (also known as DNA/gene chips) are generated by a 

technology that integrates molecular biology and information technology.

The facility has Affymetrix Gene Chip System for analyzing Affymetrix Chips and the Illumina Hi Scan System

for sensitive and accurate imaging of Illumina Bead Arrays for gene expression, genotyping, and DNA 

methylation. The entire microarray facility is housed in a dust-free room at CSIR-CCMB's main building. The 

applications that have been used are largely in the 

areas of gene expression analysis, microRNA 

profiling, and genotyping. Gene expression studies 

have been done with mammalian (mouse, rat and 

human), plant (rice and Arabidopsis), and insects 

(Drosophila) cells. Similarly, genotyping studies 

have been carried out in the area of human 

population genetics and disease association studies.

Apart from managing the facility on a day to day 

basis, the staff provides assistance and training in 

wet lab experiments and in silico data analysis with 

respect to differential gene expression for users 

within and outside CSIR-CCMB.

FACS Facility

CSIR-CCMB's Fluorescence Activated Cell Sorting (FACS) facility is a centralized facility equipped with two 

high-speed sorters and two high-speed analyzers. The facility provides training to students/project staff as well 

as support in design and analysis of experiments to all CSIR-CCMB's scientists and to the local scientific 

community outside the institute. The facility has a 3 laser sterile sorting enabled MoFlo-XDP with class II 

biosafety cabinet. A high speed 3 laser Gallios analyzer with auto loader caters to analysis experiments. The 

facility has an HTS enabled BD LSRFortessa to support high throughput FACS analysis. The analyzer has 96 

and 384 loading platforms with 3 lasers for 12 parameters. A4 laser sterile sorting enabled BD

FACSARIA Fusion with biosafety cabinet is new addition to meet the growing demand of live cell sorting.

Various research groups working in cell biology, stem cell biology, plants and infection biology are using FACS 

facility for isolating cells and cell organelles by sterile sorting. The facility currently supports 67 users from 27 

research groups from CSIR-CCMB. Facility staff provides complete training to the students and

project staff. Analyzers can be booked online 

and used by trained/authorized personnel of 

CSIR-CCMB. Operator assistance is 

provided for all external users outside CSIR-

CCMB. FACS facility has been providing 

technical and scientific support to external 

users like R&D companies and universities

in their research work. This annual year

under this program, facility is supporting

three external users from Gene N Life Health 

Care Private Limited, Virchow Biotech 

Private Limited and Asian Health Care.

MoFlo XDP Sorter
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Fly Lab

Drosophila melanogaster, the fruit fly is one of the most studied and highly tractable genetic model

organisms due to its short-life cycle, low maintenance costs, conserved biology, and available powerful

genetic toolbox. About 60% of the protein coding genes of Drosophila is conserved in human and from

these genes about 75% are implicated in various diseases. Therefore, fly is effectively being used for studying 

basic biology as well as understanding molecular mechanisms underlying human diseases. 

In CSIR-CCMB, we have a very well established fly lab. We maintain about 1500 different fly strains. Among 

these, we have strains for ongoing research activities that include studies of body patterning, neural 

development, behavior, stress, longevity, etc. We also have fly stains for in-vivo genome editing (CRISPR

and MiMIC) and about 100 different tissue specific GAL4 driver lines. In addition, we maintain fly models

for various human diseases including cancer, Parkinson's disease, Alzheimer's disease and neuro 

developmental disorders such as microcephaly. These strains can very well be used for drug screening. The 

main fly lab is equipped with several stereo microscopes for fly pushing, a fluorescent stereo microscope for 

transgenic larva/fly sorting, and an Axioplan microscope.

In addition, we have a well-established injection facility, which is being used extensively by the research groups 

from CSIR-CCMB and CDFD. We also have a fully equipped behavior room with Drosophila Activity Monitoring 

(DAM) system, T-maze, an equipment used to study learning and memory, and set up for tracking larval 

locomotor behavior. 

We have supporting facilities-Nectar and embryo collection lab. Nectar supplies fly food in vials, bottles and 

embryo collection plates. This facility is equipped with an automatic fly food preparation and dispensing 

machine, hot plate with magnetic stirrers, cold cabinets, hot air oven and RO water system for fly food 

preparation. This facility also helps in cleaning and sterilizing the bottles & aluminum trays to prevent 

contamination. Whereas, the embryo collection room is a small nonstop fly reproduction center, which is 

designed for constant supply of fly embryos. This facility is equipped with large fly cages and collection plates to 

collect embryos for high throughput experiments.

We also provide service to other universities/research institutes. Students and teaching staff from different 

national and international universities visit fly lab to get a hands on experience of Drosophila melanogaster 

culture and maintenance. Fly lab also provides flies to different colleges in the city for teaching purpose and 

various strains to other research institutes in India for research purpose.
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Histology  Facility

The Histology Facility at CSIR-CCMB provides the equipment and technical support for producing high quality 

tissue sections and staining for microscopy. All histological procedures from tissue acquisition, processing, 

sectioning, and standard histological, and immunostaining is carried out. Our equipment supports samples that 

are either paraffin-embedded or those which need cryo-sectioning. This facility is equipped with cryomicrotome, 

rotatory microtome and wax embedding station.

All other small equipments required like water bath, centrifuge, and rotatorque are also available in the facility.

The facilities cover the preparation and processing of tissues, their cutting/sectioning and staining. The services 

offered are:

· Tissue processing for paraffin/frozen blocks 

· Sectioning of paraffin/frozen blocks 

· H and E, Masson trichome, van Gieson, Toluidine blue, Oil Red and Alcian blue staining of paraffin sections

· Training in general tissue processing and histology study methodologies

This facility supports a wide range of projects of the research groups at CSIR-CCMB.

NMR Facility

Structural Biology

In 2009, CSIR-CCMB setup the 600 MHz narrow bore NMR facility to study biomolecular structure

and function at the physiological condition in the solution. The facility consists of a 600 MHZ narrow

bore NMR spectrometer equipped with a cryogenically cooled probe. During 2017-18, the electronic

console of the spectrometer was upgraded to a state-

of-the-art next-generation Avanace Neo system

which utilizes trans-receiver technology. The new 

technology allows detection of up to four different 

nuclei simultaneously boosting the high molecular 

weight biomolecular studies. Additionally, the 

enhanced sensitivity due to the presence of the 

cryoprobe allows de novo 3D structure determination 

of relatively large proteins (MW > 25 kDa) and nucleic 

acids as well as their ligand bound complexes at the 

physiological condition. The facility is useful to perform 

structural studies of dynamic biomolecules which are 

difficult to crystalize (e.g., multi-domain proteins, 

intrinsically disordered proteins, dynamic systems, 
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etc.). The spectrometer is routinely used to derive biologically relevant conformational flexibility of proteins and 

nucleic acids in situ. Some of the important findings derived from the data generated by the facility are: (1) The 

solution structure of RDE-4 (C. elegans) elucidated structural modifications in its both dsRBDs that were 

responsible for selecting the trigger dsRNA. (2) Understanding the RNAi initiation in plants through the solution 

structure complemented with the structure based activity assays of DRB4 (A. thaliana). (3) The solution 

structure of Crc (~ 32 kDa and presumably the largest solution structure derived by NMR from India) revealed its 

non-canonical RNA binding surface responsible for regulating the carbon catabolite repression process. (4) 

Understanding the process of enantio-selection to elucidate the mechanism of chiral proofreading during protein 

translation. Over the years, the 600 MHz NMR has become an integral part of CSIR-CCMB's research activities 

and has immensely contributed to numerous projects including studies and design of thermostable lipases, 

studies on antimicrobial peptides, interaction of intracellular loops of GPCRs with model membranes, structure-

function relationship of key proteins in P. falciparum etc. The data generated by the 600 MHZ NMR facility has 

been used in research articles published from CSIR-CCMB in several internationally acclaimed scientific 

journals such as Proc. Natl. Acad. Sci. USA (2010), J. Mol. Biol. (2011), eLife (2013), Biochem. J. (2014), PLoS 

Biol. (2016) and Nucl. Acids Res. (2017).

The facility has been used by various groups within the CCMB, a few PIs from other CSIR labs such as 

CSIR–IICT, CSIR–IICB, CSIR–NCL. Additionally, few peptide samples of industry origin were studied and 

analyzed by the facility.

Micro-imaging and Spectroscopy

In this system, a 600 MHz Avance III HD micro imager and spectrometer is interfaced with a wide bore

(89 mm) 14.1 T magnet system. The micro imager is equipped with actively shielded micro and mini probes with 

maximum gradient strength of 150 gauss/cm, which provides in vivo images at micron resolution. The system is 

equipped with volume coils for in vivo imaging and spectroscopic studies with mice and rats. This provides an 

opportunity to acquire many images in short time. Moreover, localized in vivo NMR spectroscopy could be 
3carried out from a voxel of 2X2X2 mm  in mice brain. Additionally, the spectrometer is equipped with high 

13 31resolution triple resonance and broad band probes for detection of X-nuclei ( C, P, etc) for NMR analysis in 

solution. The current setup is used to study subtle changes in brain atrophy, understanding neurometabolites 

homeostasis, and energetics of excitatory and inhibitory neurotransmitters in different neurological and 

psychiatric disorders like amyotrophic sclerosis, Alzheimer's disease, Parkinson's disease, depression and 

addictions. Additionally, the setup is used for characterization and development of MRI contrast agents.
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Proteomics Facility 

The Proteomics Facility at CSIR-CCMB provides infrastructure for identification and characterization of 

proteins. Mass spectrometry (MS) based proteomics is fast becoming an essential analytical tool for biological 

scientists. Modern instrumentation and data analysis software can identify and quantify hundreds or thousands 

of proteins from complex biological mixtures such as cell lysates or body fluids. At CSIR-CCMB, we are 

equipped with state-of-the-art chromatography systems and mass spectrometers for LC-MS and LC-MS/MS, 

with a wide range of bioinformatic tools for data interpretation and evaluation. The facility provides a range of 

services, including:

· Intact molecular weight measurement of proteins

· Protein identification from gel bands

· Protein identification from complex mixtures

· Identification of post-translational modifications

· SILAC, iTRAQ, and label-free quantification of peptides and proteins

Our instrument platforms include cutting-edge Q-Exactive-HF, Q-Exactive, OrbitrapVelos, and MDS SCIEX 

4800 MALDI TOF/TOF mass spectrometers, coupled to ultra-high performance EASY-nLC 1200 Systems.

We also have multiple High Performance Liquid Chromatography (HPLC) instruments. These analytical 

instruments are routinely used for separation and quantification of mixture of proteins/chemical compounds 

derived either from natural products or synthetic processes. HPLC-facility offers viable solutions due to

vast choice of stationary phase and mobile phase options. The different modes and choice of detectors allow 

analysis of wide range of samples.

In addition to catering internal users in CSIR-CCMB, we provide MS-based proteomics services to external 

users including government-funded or private research labs as well as biotechnology industry.
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Radio Isotope Facility (CRIF)

Radioisotopes in India can be procured and handled only by the users duly authorized by Radiological Safety 

Division (RSD), Atomic Energy Regulatory Board (AERB). This authorization is based on the radiological safety 

status of the institution intending to establish a radioisotope laboratory. For this purpose, it is mandatory that the 

plan of the radioisotope laboratory is approved by RSD from radiation safety stand point. The planning of the 

radioisotope laboratory depends upon the type of the radioactive material to be used, its physical from, activity 

and the type of experiments to be carried out using the radioactive materials, etc. 

Based on the above mandate, CSIR-CCMB is accredited by AERB and classified as a Type II radioisotope 

facility. CSIR-CCMB has more than 35 radiation workers, a radiological safety officer (RSO). The license holder 
 32is Director, CSIR-CCMB. CSIR-CCMB uses close to 30 mCi (1110 MBq) of P labeled nucleotides and

14  3 3510mCi (370 Mbq) of other radioisotopes like C, H, S, etc. CSIR-CCMB uses the following radioisotope as 

biological tracers in cell and molecular biological studies in various research projects:

Layout and structure of the radioisotope facility

In order to handle radioactivity, special facilities are required to shield the radiation emitted from the source, and 

to prevent contamination of the environment by the radioactive materials released during handling and 

processing. In Type II research laboratories the processed activities are medium to high, and therefore, the 

requirements of shielded facilities and personnel monitoring system is mandatory.

The radioisotope facility contains 18 research labs and one radio-iodination lab to handle low level radiation 

measuring 25 sq m. The facility has one storage room with dedicated lockable freezers. The facility is also 

equipped with preparation room, handling room, counting room, dilution and distribution room, auto-radiography 

room, separate low medium and high activity labs. The floors are covered with PVC and the walls with strippable

paint. Work surfaces are covered with smooth lining. The laboratory is equipped with foot-operated dustbins, 

pro-pipettes/remote pipettes (micropipettes), stainless steel sinks, fume hood, fume hood with filter, glove 

boxes, face masks, surgical gloves, etc. The laboratory has monitoring instruments like GM counter, survey 

meter, contamination monitor, etc.

  Radio   Max. Activity  
Sl.No. Isotope activity  to be handled Physical  Type of operation with this isotope
  Group (mCi/MBq) form

31. H Group IV 50/1850 Simple, organic  Simple, wet enzymatic or non-enzymatic chemical reaction; no dry operation
    biomolecule 

142. C Group III 5/185 Simple, organic Simple, wet enzymatic or non-enzymatic chemical reaction; 
    biomolecule no dry operation

453. Ca Group II 5/185 Inorganic salt Simple, wet enzymatic or non-enzymatic chemical reaction; no dry operation

514. Cr Group III 10/370 Inorganic salt Simple, wet enzymatic or non-enzymatic chemical reaction;     no dry operation

1255. I Group III 10/370 Inorganic salt Simple, wet enzymatic or non-enzymatic chemical reaction;      no dry operation

326. P Group III 100/3700 Simple, organic Simple, wet enzymatic or non-enzymatic chemical reaction; 
    biomolecule no dry operation

337. P Group III 5/185 Simple, organic  Simple, wet enzymatic or non-enzymatic chemical reaction; 
    biomolecule no dry operation

358. S Group III 20/740 Simple, organic  Simple, wet enzymatic or non-enzymatic chemical reaction;
    biomolecule no dry operation

659. Zn Group III 1/37 Simple, organic  Simple, wet enzymatic or non-enzymatic chemical reaction;
    biomolecule no dry operation
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Services offered by the radioisotope facility

1) Procuring regulatory documents from AERB and implementing

Every purchase of the radio isotope should go for the regulatory clearance from the competent authority

of AERB. The competent authority AERB provides a No Objection Certificate (NOC) after scrutinizing the 

institute's license, source purchased already and the type of the laboratory. The NOC is a vital document to 

procure radioactive source either from India or to import; without the NOC, the supplier is not allowed to supply 

the radioactive source to its customer as per the IARP law. The central radioisotope facility does the service for 

almost 30 radiation workers of CSIR-CCMB.

2) Radioactive waste disposal and waste management

Low level radioactive wastes are discharged through the sink; this includes liquid waste generated from

DNA hybridization experiments, washing of un-reacted radioisotopes from various experiments. Medium

and high active waste materials are stored in the delay tanks and disposed after considerable reduction

of the activity. The high and medium solid active waste materials are stored and incinerated after considerable

reduction of the activity.

3)  TLD service

As per the AERB and IARP mandate the occupational radiation workers should be periodically monitored

for the radioactive exposure. CSIR-CCMB radioisotope facility caters to nearly 30 radiation workers and 

monitors their radiation exposure through TLD. The TLD service is outsourced from an AERB approved 

laboratory. All the radiation workers are provided with a TLD badge the absorbed dose is monitored

every 90 days. If any radiation worker received the dose more than the IARP /AERB recommendations,

the radiation worker is advised to keep away from the radioactivity for 180 days.

4) Procurement, storage, distribution and report of radioisotope chemicals
32Following the AERB guidelines the CRIF procures the P labeled chemicals and other radioisotopes

from the authorized agencies and store them in the dedicated storage room. The authorized users dispense

the source according to their requirements; an usage log is maintained for audit by AERB. The CRIF

report the AERB about major spillages of radioisotopes, loss of radioisotopes, radioisotopic accidents, etc. 

through the license holder of the institute - Director, CSIR-CCMB.
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Transgenic and Gene Knock out Facility (TGKF)
The transgenic and gene knock out mice core facility was established to create, procure and maintain

transgenic and gene knock out mice models. Gene targeting in embryonic stem cells, micromanipulation, 

survival surgeries are performed to generate transgenic and gene knock out mice models. The facility

generates transgenic animals by pronuclear injections into F1 embryos and ES cell mediated route by

blastocyst injections. The facility generates targeted ES cell lines, which are used for injections in morula or 

blastocyst injections to generate gene knock mice models. The facility has established in house SOPs for 

plasmid-based CRISPR injections, and has been generating genome-edited mouse models. The facility 

supports many research groups in CSIR-CCMB in generating transgenic and knock out mice for their research. 

It also provides technical support for phenotypic analysis of transgenic and gene knock out mice. The facility 

provides extensive hands on training in transgenic and gene knock out technology for users from other 

institutions. Students/ staff from various institutes like inStem, NCCS, NIAB have been trained.

X-RAY Crystallography 

The facility provides state-of-the-art resources to elucidate three dimentional structures of

macromolecules and their complexes at atomic level. It is equipped with powerful microfocus

rotating anode generators: 1) Micro Max™ 007 HF (Rigaku) Cu anode generator with Mar345-dtb

image plate detector and 2) FR-E+ Super Bright (Rigaku) dual wavelength Cu/Cr anode generators

with R-axis IV++ image plate detector. FR-E+ system is the most intense home lab source currently

available for macromolecular crystallography, with focusing optics that can deliver a flux comparable

to second generation synchrotron beamlines. Data collected from diffraction source is processed using 

crystallographic computational software. Molecular modeling studies are performed using Intel Quad-Core 

windows and Linux-based workstations, Silicon Graphics (SGI-Fuel) workstations and software that are 

installed on CSIR-CCMB server. 
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Small Angle X-ray Scattering (SAXS)

X-ray facility is also equipped with in-house Small Angle X-ray Scattering (SAXS) System for deciphering 

physical and structural features of macromolecules in solution. SAXS allows to probe size, shape, quarternary 

structure and complex formation of molecules without crystallization. It helps in understanding (i) structural 

parameters [radius of gyration (R ), maximum dimension (D ), partial-specific volume (V ) etc], (ii) dynamics of g max p

molecules and (iii) generation of low-resolution shapes of macromolecules.

SAXS facility houses two systems: 1) S3-MICRO Point-Focus system (Hecus X-ray systems, GmbH) with a 

50W X-ray source and a Pilatus-100K detector covering a SAXS range between 2000Å and 10Å. 2) BioSAXS-

2000 (Rigaku) with 2-D Kratky collimation, mounted on the existing left port of MicroMax™ 007 HF (Rigaku) Cu 

anode X-ray generator. It is equipped with OptiSAXS Confocal Max-Flux (CMF) for higher brilliance at the 

sample position and data collection times in the range of minutes. The configuration incorporates an Automatic 

Sample Changer for unattended overnight operation and an Automatic Analysis Pipeline based on ATSAS 

package from EMBL Hamburg.

High Throughput (HT) Crystallization

A state-of-the-art HT-crystallization facility provides automation of the complete crystallization set-up.

Three major components operational are: (i) Alchemist for liquid handling, (ii) Crystallization robotic

systems: Mosquito, Oryx 4 and Hydra II-eDrop for crystallization drop setting and (iii) Minstrel III along

with two incubators(4ºC and 20ºC) automated for incubation, storage and inspection of plates for

crystal growth. It is supported by 'on plate' DLS and UV imaging of crystals. Dynamic light scattering (DLS)

is a useful tool to diagnose size distribution, stability, and aggregation state of macromolecules in solution

prior to crystallization.

Several structural biology projects that are carried out at CSIR-CCMB and other research institutes / universities 

are handled in these facilities.
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Zebrafish Facility

State of the art zebrafish facility is equipped with large scale breeding, embryo collection capacity and live feed 

(Artemia) hatching facility. The facility also has advanced automated stand alone systems to maintain the 

various transgenic stock lines for developmental biology, cell biology, neurobiology and behavioural studies. 

The facility also houses high end microscopy and imaging system (Model M205 FA Leica) with  motorized 

advanced stereo fluorescence for multichannel fluorescence and bright-field imaging of zebrafish embryos, 

juveniles and adults. The facility is equipped with micro manipulation systems and trained staff to assist 

researchers to generate transgenic fishes and perform microinjections and other genetic manipulations in 

embryos and adult zebrafish. Further, a computer aided tracking system (Danio vision with etho vision software) 

is also available to carry out experiments on behavioural aspects of this vertebrate model organism.

The zebrafish facility caters to the needs of different research groups of CSIR-CCMB and collaborative projects 

of various institutes (CDFD, LVPEI). Apart from providing staged embryos and adult fishes for research, we also 

help users with micro-manipulation to generate and maintain desired transgenic fish lines.

The zebrafish Facility provides training and logistical support to students from different universities of India and 

abroad. The facility also offers medium scale testing of various biological potential drug molecules/bioactive 

agents and creation of transgenic fishes.
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1.1 C. Research Resources

Instrumentation
CCMB has a strong and highly supportive Instrumentation Group which takes care of the installation 

maintenance and repairs of instruments. All maintenance and repairs are carried out in-house and no 

maintenance contracts are given. Maintenance of UPS, video projection systems and reprographic facilities is 

also taken care by the group. The group conducts training programs, on the usage of instruments with safety 

instructions, for the new research students during August every year, for the students who come for their summer 

trainings in May and for the other research staff throughout the year. The state-of-the-art facilities are managed, 

maintained and run without much down-time due to the support and services provided by the group. Further, the 

group carries out in-house design, development, modification and fabrication of instruments as and when 

needed and also provides technical advice to other institutes in the procurement and usage of scientific 

instruments. The group is also involved in the Young Innovators Program where young school children are 

taught designing small experiments in electronics and physics.  The group's contribution to symposia, seminars, 

workshops and other events are multifarious, particularly for audio-video and exhibition arrangements.

New equipments installed during the year

· Small angle X-ray scattering system for data collection on biological macromolecules in solution and 

analysis model BioSAXS 2000

· Spectral confocal microscope with airy scan LSM 880 for high resolution imaging with 5 lasers (405, 488, 

543, 594, 633nm)

· Micro ultrasound imaging system model Vevo 2100 for in vivo visualization, assessment, and 

measurement of anatomical structures (heart &abdomen) and hemodynamic function in longitudinal 

imaging studies for small animal phenotyping

· Individually ventilated cage systems for experimental animals in need of a high degree of microbiological 

protection (8 no.s)

· Benchtop flow cytometry system Model-LSR FORTESSA with 3 lasers (488, 561 and 638 nm) and fully 

automated high throughput sample station for 384 well plates

· Freezers -86° C & -30° C (10 no.s)

· Stereo microscope with fluorescence and Apotome model Axio Zoom V 16

· Air jacketed CO  Incubators model 371 steri-cycle (12 no.s)2

· Microplatemultimode reader for absorbance. florescence and luminescence measurements model 

Spectramax Id3 (2 no.s) 

· Hidex 300SL- Liquid scintillation counter for detection of low level beta & alpha radiation with 3 PMT 

detector

· Benchtop fermenter system 10 liters capacity model- Bioflo 120 for growth of any cell type like- microbial, 

insect, plant, fungal, mammalians, stem cells, etc. 

· Refrigerated incubator shakers model Innova 43R and 42 R (2 no.s)

· Fluorescence spectrophotometer F-7000

· Horizontal high pressure steam sterilizers for decontamination of glassware, labware, media,

small instruments, liquids and other materials in the lab (3 no.s)

· QuantStudio5 384 QPCR System 

· Cage Changing Workstation ( 2 no.s)

· Chemidoc MP imaging & analysis system with 4 MP cooled CCD camera and 302nm/312nm UV 

transilluminator
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· Advanced Gel documentation systems model GELSTAN 4X with 4.2 Mega Pixels high resolution 

monochrome CCD camera and 302nm/312nm UV transilluminator (2 no.s) 

· Robotic DNA Extraction Workstation for automatic extraction of reliable DNA, RNA and miRNA from 

biological samples 

· Horizontal (8 no.s) & Vertical (2 no.s) laminar flow hoods for tissue culture, bacterial work, media 

preparation, etc. (10 no.s)

· Biosafety cabinets class II/A2 ( 2 no.s)

· Uninterrupted power supply (UPS) 30 KVA and 10KVA

· Animal bedding disposal station

Information Technology Group
The Information Technology group plays a major role in showcasing the research and expertise of the lab to the 

external world, providing communication to facilitate scientists to carry on research activities, collaborations, 

stay updated and connected with their counterparts around the world. The team coordinates with scientists in 

designing and building IT infrastructure required for R&D projects. It helps in framing IT strategy that supports 

the organizational objectives and optimized utilization of the resources. The team also develops software 

applications and tools to automate day to day activities in R&D management which helps make decisions about 

strategic, financial and operational issues. 

During the reporting period, website for ICCB 2018 (International Congress of Cell Biology 2018),

SNAKESYMP (National Seminar on Snake venom research and snakebite therapy, Indian Society of Human 

Genetics (ISHG2018) were developed and hosted. Online registration, payment, booking accommodation, etc. 

were enabled.

Applications like Stores Issues Management System for Consumable Items (SIMSCI) to record receipts/issues 

of items and Works Tracking System for engineering services to track the status of files and works were 

developed.

Open Day visitor slot booking tool, Online Application System for various regular and temporary positions

and for Skill Development Programs (SDP), Sophisticated Instrumentation Facility Portal (CCMB-SIF Portal) to 

list out the instruments available and are open to public use were also developed.

Pharmacy software for maintaining inventory of medicines in dispensary was implemented. As per the

request of CSIR-Indian Institute of Chemical Technology (IICT), the same software is extended for their usage 

also. Online booking facility for FACS and advance microscopy &imaging facility were developed.

All non-functional CCTVs were made functional by connecting them to LAN network through an intelligent 

broadcasting device. This reduced the high estimated cost of replacing all the damaged coaxial cable

all over CCMB.

Recording of all the 52 surveillance cameras to an external storage was implemented to overcome the

failure of Network Video recording (NVR) device.

Reactivation of fire alarm system in LaCONES and CRF is initiated.

Many network connections were provided in CCMB and Annexures. Internet bandwidth is upgraded to 40 Mbps 

in CCMB Annexe II.
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Fine Biochemicals
CCMB fine biochemicals facility maintains and stocks large number of biochemicals for the ongoing research 

activities of the laboratory. The facility has a walk-in freezer (-18°C to -20°C) and a cold room. In addition, it also 

has a freezer (-20°C) for storage of chemicals as per the recommended storage conditions. However, the 

chemicals stable at room temperature are kept in a room (72 sq.mtrs plinth area) where temperature is 

maintained at 26 - 28°C. The stocks of fine biochemicals include amino acids, proteins, enzymes, purification 

kits and buffer reagents. In addition, it houses stocks of restriction enzymes, antibodies, reagents necessary for 

purification and detection of recombinant proteins, reagents for DNA/protein gel electrophoresis, PCR, RT-

PCR,. The requirement for these chemicals is monitored such that procurement is carried out on a regular basis, 

so as to maintain a constant level of supply. Requirement for these chemicals/enzymes is monitored with a help 

of software developed by CSIR-CCMB's IT Group. Availability of various chemicals can be seen on CSIR-

CCMB's intranet.

Recently, a software tool was developed by CSIR-CCMB's IT department which automatically sends emails to 

the scientist as soon as the availability of chemicals is updated in the system. It also helps in timely procurement 

of chemicals/enzymes by giving alert as soon as their availability falls below a threshold limit. It can be accessed 

on CSIR-CCMB's intranet by all the researchers.

Fine biochemicals indented by all scientists are

(652 Purchase orders, with 1293 items) received by fine 

biochemicals facility, and issued to the corresponding

groups in addition to the general chemicals maintained

by this facility. 720 consignments were received and 888 

invoices were received, verified and forwarded to stores for 

further action. 4272 items were issued to researchers during 

2017-2018 which include fine biochemicals maintained and 

individual orders.

Library
CSIR-CCMB shares a well-organized library with the IICT. The library has an extensive collection of resources 

material in the fields of modern biology, chemistry, chemical engineering and related areas, comprising of 

42,447 books, 61,985 bound volumes of periodicals and 1,85,000 Indian patent specifications. Full-text of Indian 

and American standards are available on CD-ROM. In addition of several volumes of classical journals dating 
thback to the 19  century, complete sets of Science Citation Index (from 1945) and Chemical Abstracts (from 

1907) are available. The library subscribes to 235 print journals and has access to over 4000 titles of online 

journals. In addition, CCMB has access to 80 e-journals. A collection of PhD theses submitted by CSIR-CCMB 

students is being maintained by assigning proper accession number since 2005. Haldane's book collection is 

also maintained the library staff. The library has an in-house bindery, reprographic facility good internet 

connectivity and a security surveillance system.
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Experimental Farm, Horticulture and Landscaping
The horticulture group maintains the lush green surroundings of CSIR-CCMB, LaCONES and CCMB Annexe-II. 

The newly developed experimental farm is being maintained by the staff of this group to meet the requirements 

of the plant genetic fingerprinting work. Different varieties of rice (indica, japonica), maize, as well as drought-

resistant plants such as jojoba are grown in the farm. The green house facility developed by this group is fully 

functional and is used for studies in plant molecular biology. Plants such as paddy, mustard and Arabidopsis are 

being grown here.

Rajbhasha Unit
This unit helps the institution mainly in complying with various provisions of Official Language (OL) envisaged by 

the Government of India. For the past 18 years, this unit is bringing out a popular science magazine Jigyasa in 

Hindi dedicating every issue to a special topic of life sciences. This Rajbhasha unit conducts “HINDI DAY” every 
thyear on 14  September. Various competitions and programmes in Hindi are organized as part of the occasion.

The unit has a well-stocked library consisting of 2600 Hindi books on various subjects viz., classic works of Hindi 

literature, science, translations and books of general interest. 

Engineering Services
CSIR-CCMB has a number of modern laboratories including the Annexe-1, LaCONES at Attapur and the 

Annexe-2, Medical Biotechnology Complex at Uppal. Facilities such as workshop, centralized air

conditioning, class 10K clean rooms, bio-safety level III labs, ultra low freezers, walk-in cold rooms, walk-in 

freezer rooms, piped gas supply, pre-treated water supply, liquid nitrogen, 3000 kVA back-up generator sets, 

33kV and 11 kV HT sub stations, distribution system, 30 kW solar power unit, etc. are operated and

maintained by the engineering staff.
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1.2   Academics

CSIR-CCMB imparts training to doctoral students in an academic program linked either to Jawaharlal

Nehru University (JNU), New Delhi or Academy of Scientific and Innovative Research (AcSIR).

The PhD program is run by an Academic Cell, which consists of two Academic Coordinators and an

assistant. This cell handles almost all the academic activities related to PhD students, including

selection and recruitment of students, course work, lab allotment, Doctoral Advisory Committee (DAC) 

meetings, Comprehensive Exam, and PhD thesis submission. The Academic Cell keeps records of the 

performance in course work, progress reports of the PhD work, and all AcSIR related

documents. All administrative matters of the JNU-CCMB PhD program are dealt by a separate

JNU-CCMB committee.

CCMB-PhD program targets students who intend to pursue research oriented careers in

interdisciplinary areas within or outside academia. Our main goal is to provide students a strong

technical background, enhance their capacity for analytical thinking, and address new kinds of

problems for the advancement of science and society.

CSIR-CCMB selects candidates for the PhD program in August and January. Eligible candidates

are invited to apply and selected based on performance in a written test, followed by two rounds of

interviews at CSIR-CCMB. The students can apply through CCMB-JNU, CCMB-AcSIR and

CCMB-JGEEBILS streams. 14 students joined for August 2017 and 7 students joined for January 2018

PhD programs. 17 students gave their PhD colloquia and 8 students submitted PhD thesis during

April 2017 to March 2018.14 students have been awarded PhD degree from JNU/AcSIR during this

academic year.

1.2. A  Academic Cell & PhD Program
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1.2. B  PhDs Awarded (registered with JNU)

8. Sadiya Parveen

 Cell division and cell wall synthesis in Escherichia 

coli: studies on genes involved in cell wall integrity 

 Guide: Dr Manjula Reddy

9. M Suvarsha Rao

 Structural and functional characterization of the 

extracellular chaperone, clusterin

 Guide: Dr Ch Mohan Rao & Dr T R K  Murti

10. Dilip Kumar Yadav

 Understanding the molecular and epigenetic 

mechanism of  v i tamin B12 mediated 

programming of Type 2 Diabetes (T2D) and 

obesity 

 Guide: Dr  G R  Chandak

11. Rakhi Sharma

 Structure-function relationship of Crc, a RNA 

regulatory protein in Pseudomonas syrinagae 

Lz4W 

 Guide: Dr Malay K Ray & 

           Dr Mandar V  Deshmukh

12. Pratibha Bhalla

 Studies on yeast Transcription Factor IIIC 

Interactome

 Guide: Dr Purnima Bhargava

13. Gopal Kushawah

 Functional analysis of extremely conserved 

noncoding sequences in vertebrates 

 Guide: Dr Rakesh K Mishra

14. Kanugovi Abhijnya Vijayavittal

 Functional role of Hsp90 in induced cellular 

senescence of tumor cells 

 Guide: Dr A S  Sreedhar

1. Arun Prakash Mishra

 Understanding the tissue-specific functions

of Wdr13 

 Guide: Dr Satish Kumar

2. Nitin Khandelwal

 Role of a few non-coding RNAs and their binding 

proteins in neural and behavioral changes in 

mouse models of mood disorders 

 Guide: Dr Arvind Kumar

3. Ajay Deepak Verma

 Role of lamin A and laminopathic mutations in 

developmental pathways in zebrafish

 Guide: Dr Veena K Parnaik & Dr V Radha

4. Sasi Kumar Kotagiri

 Studies on regulation of C3G and its role in 

signaling to actin cytoskeleton dependent 

functions 

 Guide: Dr V  Radha

5. Davda Jayeshkumar Narsibhai

 Study of meiotic cell cycle progression and clonal 

seed formation in Arabidopsis thaliana

 Guide: Dr Imran Siddiqi

6. Vimal Kishore

 Understanding the mechanism of cell division in 

Mycobacteria

 Guide: Dr Raghunand Tirumalai

7. Shalu Singh

 Role of WDR13 in cell cycle regulation 

 Guide: Dr Satish Kumar
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Dissertation Research Training Program

The Dissertation Research Training Program (DRTP) is an interdisciplinary training program for graduate 

students from any field of life sciences to do six months to one year research project at CSIR-CCMB under the 

supervision of a scientist towards their partial fulfilment of Bachelor's (B.Tech, B.Pharm, BDS, MBBS) or 

Master's (M.Sc, M.Tech, M. Pharm, MD) degree. In this program, in addition to routine laboratory training, 

candidates are exposed to recent research developments, scientific ethics, good laboratory practices and 

career opportunities in life sciences. At the end of the training, candidates present their work in the form of 

posters to the scientific community at CSIR-CCMB. The program is formalized under skill initiative in June 2017.

Out of the 450 applications received between 1 April 2017 to 31 March 2018 from India and abroad, 103 

candidates were selected to join for their dissertation research program.

Summer Training Program

The Summer Training Program of CSIR-CCMB was started to provide students a real time working opportunity 

and encourage young students to pursue science as a career option comprising serious research training for 8 

weeks during the summer months. The program has become a pan-India endeavour with applications from 

across the country. 73 students including 1 from the neighbouring nation, Nepal underwent summer training 

during May-July 2017. For the period 2018, a total of 875 applications were received from 22 states. 65 students 

were provisionally selected, of them 52 summer interns were trained during May-July 2018. In our efforts to 

make this program more exciting for the interns, opportunity is provided to work in a real time vibrant research 

laboratory and at the end of the training, the interns submit a report and make a poster presentation.

Project-based Research Training

A new training programme has been initiated in October 2017 to cater to individuals interested in

carrying out project-based training in specific areas, based on research expertise of the various PIs at

CSIR-CCMB. In 2017-18, there have been 13 students who enrolled and carried out project-based trainings for 

either six months or one year duration. Presently there are 23 project-based trainees associated with

various PI labs at CSIR-CCMB.  

1.2.C  Training Programs

Summer Training Program 2017 Group Photo
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Skill/Training Development Programme

Under the CSIR-Integrated Skill Initiative, CSIR-CCMB initiated its Skilling/Training Programs with the training 

program for medical students- Medical Student Research Training Program (MedSRT) held in May 2017. The 
nd rdpurpose of MedSRT has been to create an orientation of Medical students (mostly in their 2  and 3  years) 

towards clinical research; through lectures and hands-on trainings. It was designed in consultation between the 

Directorate of Medical Education (DME), Telangana and CSIR-CCMB. The objective is to ensure that aspiring 

clinicians are apprised of the latest in basic research methodologies, and how it can be applied to clinical 

problems. A winter research observership programme is also organized for MBBS students, where they get to 

spend 2-weeks in a PI's lab at CCMB to acquaint themselves with the research life. There were 13 students from 

different medical colleges across India. 

This was followed by a series of skilling programs in various advanced areas of CCMB expertise (including 

wildlife forensics, cell biology, nanotechnology, CRISPR technology, microbiology, etc) with a view to cater to 

both academia and industry needs. In 2017-18, 10 such training courses, spanning from 3 days to 8 weeks were 

conducted with an ultimate aim to improve employability and career advancement (through reskilling/upskilling) 

in the area of life sciences. About 70 candidates have been trained. Several entry-level skilling courses

(in instrumentation or relevant for laboratory attendants, animal attendants, etc.) and advanced training courses 

(in Bioinformatics, Recombinant DNA technology, Proteomics & Stem Cell Biology) are in the offing for the

year 2018-19.

GLIMPSES OF TRAINING PROGRAMMES of CCMB-SDP
under CSIR SKILL INITIATIVE PROGRAMME
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1.3    CCMB Innovation HUB (iHUB)
1.3.A.  Services

Consolidated Diagnostics Facility @iHUB

The Molecular and Chromosomal Diagnostic activities are now being centralized at the CSIR-CCMB

Annexe-II. The process has been streamlined from sample collection to report generation. New

recruitments are in place through ASPIRE, CSIR-CCMB's Sec. 8 Company. Dr. Karthik Bharadwaj,

Principal Clinical Geneticist and Technical Assistants are recruited for the genetic analysis module.

Molecular Diagnostics

A number of genetic disorders are known to result from the defects in a single gene. Although rare in comparison 

to the infectious diseases, genetic disorders cause enormous misery since they may develop in later life and are 

usually incurable. In the absence of specific treatment, molecular diagnosis, genetic screening for carrier 

detection, genetic counseling, pre-pregnancy monitoring, pre-implantation genetic diagnosis and prenatal 

diagnosis for these disorders become the best approach to prevent their transmission to next generation. CSIR-

CCMB provides genetic diagnostic services for close to 30 such monogenic disorders. The strategy is to identify 

the causal genetic defect in an individual, screen the family members for carrier status, tracking inheritance of 

the genetic defect in the fetus by performing prenatal diagnosis on fetal samples (procured at appropriate stage 

of pregnancy through hospitals) and genetic counseling. The diseases analysed include hemoglobinopathies, 

musculopathies, bleeding and clotting disorders and neurodegenerative diseases.

Chromosomal Diagnostics

Chromosomal abnormalities are a major cause of human suffering. 

They are implicated in mental retardation, congenital malformations, 

dysmorphic features, primary and secondary amenorrhea, 

reproductive wastage, infertility neoplastic diseases. Cytogenetic 

evaluation of patients is helpful in the counselling and management 

of affected individuals and families. Prenatal diagnosis of 

chromosomal abnormalities in high-risk pregnancies helps in 

detecting chromosomal abnormalities in foetuses. Such couples are 

counselled regarding continuation of pregnancy. 
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CCMB offers cytogenetic services in a variety of samples with the application of differential chromosome 

banding techniques and automated image analysis system for karyotyping, FISH (fluorescence in situ 

hybridization) as well as Molecular Genetic tests like PCR (Polymerase Chain Reaction) for Y chromosome 

microdeletions.

Wildlife Forensics
LaCONES provides extensive service to the nation for wildlife diagnostics. The different types of services 

provided at LaCONES are:

· Species identification

· Individual identification/ relatedness/paternity testing

· Sexing of birds

· PCR based diagnosis (RT-PCR) for RNA/DNA virus related diseases

· Diagnosis of Bd using nested PCR and qPCR

· Fertility (Progesterone/Estradiol/Testosterone) including pregnancy detection and stress hormone 

(Cortisol) analysis

· Semen and Sperm profiling with/without chemical immobilization

LaCONES receives biological specimens confiscated in wildlife related crimes forwarded by the state

forest, judiciary, police and customs departments. During the period April 2017 - March 2018, a total of

227 wildlife crime cases were forwarded to LaCONES which included 559 biological samples such as meat, 

cooked meat, bones, faeces, dried chemically treated skin, ivory, hair, nails, snake venom, blood stains, saliva 

and swabs etc. Out of which, 194 cases have been successfully reported to the forwarding authorities.

During this period, revenue of around INR 31 lakhs has been generated through DNA analysis fees. Wildlife 

diagnostics helps in quicker reporting of crime involving poaching, illegal hunting and trade, thereby, speeding 

up justice, and directly contributing to conservation of the endangered wildlife. In addition to this, blood samples 

of lioness from Mysore zoo was screened for canine distemper virus. Post mortem collections of blood,

spleen and lymph nodes of wild Bison from Nehru Zoological park, Hyderabad was screened for

Babesia and Theileria infections.

Fibroblast cells of skin explants of tiger stored in National Wildlife Gene Resource Bank (NWGRB) at LaCONES
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1.3.B  Common Research and Technology Development Hub  
  (CRTDH)

The CRTDH at CSIR-CCMB was established by the Department of Scientific and Industrial Research (DSIR) 

with an objective to foster industry-institution interaction and address the problems faced by biotechnology and 

biopharma startups by providing infrastructure and support. India has reiterated that technology is a strong 

priority area for the government and it aims to make people science-centric. Modern India has had a strong focus 

on science and technology, realizing that it is a key element of economic growth. Translating ideas and research 

into marketable product/process is only possible in an ecosystem where innovations are encouraged.

One of the main challenges faced by startups is finding sophisticated testing facilities, equipment/ infrastructure, 

intellectual support to test and validate their ideas.

Started in 2014, CRTDH at CSIR-CCMB is one of the few hubs in India that provide technical support, 

infrastructure and sophisticated analytical services as well advanced research equipment facility to the startups 

for carrying out competitive technological research. At present, this centre houses 4 companies – 

· Oncosimis Biotech Pvt. Ltd - involved in a cell engineering to produce biosimilars better than the current 

benchmark

· Bioartis Life Sciences Pvt. Ltd - developing a point of care device based on DNA amplification for a virus that 

affects prawn farming

· Virupaksha Life Sciences Pvt. Ltd - optimizing production of biosimilars especially those involved in diabetes

· Kommareddy Bio Pharma Pvt. Ltd- repurposing drugs for other clinical contexts

CRTDH held a Technology Advisory Group (TAG) committee meeting to review applications for incubation 

received by CSIR-CCMB. Dr Rakesh Mishra views a crucial role of CRTDH in promoting some of the crucial 

leads by the institute's scientists to translational level. In this context, one of our scientists, Dr Swasti 

Raychaudhuri's lab has developed a cell based platform  to screen drugs for age related diseases like 

Alzheimer's. The advisory committee strongly recommended his proposal and he will start his activities at 

CRTDH-CCMB soon.

In addition, Althion Tech. Innovations has licensed the water filtration technology from CSIR-IICT to validate

the technology towards its application in Type-2 (kidney/hemodialysis purposes) applications. Company will 

incubate at CRDTH-CCMB from August 2018 to optimize the processes in relation to the endotoxin testing and 

other in vitro testing at CRTDH facilities. This aims to facilitate out licensing the CSIR technologies to private 

companies for commercial validation and marketability. Pipeline of validation and scale-up will be facilitated by 

CRTDH to foresee the successful commercialization of the technology. CRTDH's association with research and 

clinics like Apollo will be helpful to understand the onsite application of such Technologies.

To popularize CRTDH-CCMB, a brochure has been designed and printed and it is being distributed during 

seminars and meetings. Similarly a proposal was passed to establish the digital presence of CRTDH via social 

media and website. The website is currently under construction and will be launched soon. CRTDH-CCMB is 

engaging with public via its Facebook and Twitter.

CRTDH has organized two rounds of training program in the recent past for the staff of the incubating 

companies. These training programs were held one each quarter of the year, and were led by CSIR-CCMB's 

instrumentation group. A special event “Building Start Up- Opportunity from Cell Biology” was held during 

International Congress of Cell Biology in the month of January 2018. It hosted a panel discussion between basic 

scientists and industry that helped in informing the attendees of the growth possibilities of biotech startups. The 

basic aim of the session was to design a policy on entrepreneurship addressing the specific opportunities and 

challenges faced in cell biology sector related to health sector in India. Prof Arun Grover of Panjab University 

visited CRTDH-CCMB in February 2018 and interacted with the incubatees and shared several ideas about 

taking an innovative idea to product and the difficulties involved.
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Dr Ajit Rangnekar, former Dean of Indian School of Business, Hyderabad and currently working as

Director General of Research and Innovation Circle of Hyderabad (RICH) visited CRTDH- CCMB in March 2018. 

RICH is a part of Telangana Government and offers help to MSMEs in various aspects. RICH will also guide the 

MSMEs who approach them with some ideas to the appropriate incubator centres. CSIR-CCMB has signed an 

MoU with RICH for similar activities. The staff of RICH has profiled the incubators so that it can advertise their 

profiles in various forums.

Prof D. Balasubramanian, former director of CSIR-CCMB and Director of Research, LV Prasad Eye and 

currently advisor to the government of Telangana Institute, gave a  talk on the prospects  of SMEs/MSMEs in 

healthcare sector in India and in particular in Telangana state and how the state government can help them. An 

interactive session was arranged between the incubating companies and the students and postdoctoral fellows 

of CSIR-CCMB, which could motivate them towards starting a company with their innovative ideas. A delegation 

from Nanyang Technological University, Singapore visited our facilities. The discussions were held mainly to see 

the possibility of helping the startup companies to the best possible extent.

CRTDH-CCMB startups wanted some guidance on fundraising for their businesses. We co-organised an 

interesting and informative session on fund raising through venture capitalists. 50K Ventures, an organization 

which helps startups get funding, gave helpful tips and guidance to the startups.

As the startups at CRTDH-CCMB nearly completed incubation for more than a year, we conducted review of 

their progress. Periodic review is necessary to ensure that the startup is achieving their milestones as put

across in their initial proposal for incubation. It is also important from the startup's point of view as they

can put forth their challenges and problems and seek help from the incubator. The Technology Assessment 

Group (TAG) committee consisting of CSIR-CCMB scientists and external experts from the biotechnology

field review the progress.
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1.3.C.  Atal Incubation Centre at CSIR-CCMB
Government of India has setup the Atal Innovation Mission (AIM) under National Institution for Transforming 

India (NITI Aayog) with the main objective of promoting culture of innovation and entrepreneurship in India. With 

this mission, the government aims to create high class incubation facilities across various parts of India with 

suitable physical infrastructure in terms of capital equipment and operating facilities, coupled with the availability 

of sectoral experts for mentoring the start-ups under the banner of Atal Incubation Centre (AICs).

CSIR-CCMB is one of the first 10 institutes to establish the Atal Incubation Centre under the Atal Innovation 

Mission (AIM). CSIR-CCMB was chosen out of about 3,800 government and private institutions which applied to 

host the incubation centre with 230 applying from the state of Telangana alone. Innovations in life sciences are 

critical to “Make in India” specifically to improve the quality of life of the general population. AIC-CCMB was 
rdinaugurated on August 18, 2017, on the 3  floor of the Medical Biotechnology Complex (CCMB Annexe II).

Dr. N. Madhusudhana Rao was appointed as the CEO of this new not-for-profit company and the centre was 

established under the guidance of Dr. Rakesh Mishra.

Spread over of 10,000 sq. ft space, this centre has one of the largest facilities for shared wet research facilities, 

industry standard equipment and operating facilities. This center aims to create an enabling ecosystem of 

business support services and handholding ecosystem for scientists with early stage technologies and start-ups 

in health, pharmaceuticals and biotechnology. It is our endeavour to build an ecosystem to enable biotechnology 

innovation. As Indian researchers and innovators begin to expand the boundaries of science, pursuing novel 

therapies, diagnostics, medical devices and industrial solutions, we want to ensure that their technologies are 

translated into sustainable business solutions that reach the citizens. 

AIC-CCMB provides customizable lab space to the startups along with industry-standard equipment and 

facilities for research, workstations, common spaces such as conference, meeting rooms and cafeteria. The 

start-ups here also have access to ancillary facilities available at the host institute, CSIR-CCMB such as high 

end equipments, animal house facilities, scientific expertise, library, guest house, etc. Entrepreneurs and 

scientists with early stage technologies are provided with facilities to develop their proof of concepts.

The past one year has seen AIC-CCMB grow from strength to strength developing a niche for itself in the life 

sciences innovations space. It has developed partnerships and networks with the key stakeholders such as 

industry, investors, research hospitals, public funding entities and incubators from Telangana and Andhra region 

and also rest of India. The team was further strengthened with the joining of Ms. Ritika Marampalli as the 

Manager for Programs and Communications to lead the outreach activities of AIC-CCMB. Dr. Ramjee Pallela 

will join the team in June 2018 as Chief Operating Officer, to lead incubation operations.

Shri Jayesh Ranjan, Principal Secretary (Industry & Commerce), Government of Telangana, unveiling the AIC-CCMB plaque
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As a part of the regular outreach, AIC-CCMB has plans to hold monthly meetup(s) called Café Mandala at its 

premises for the incubatees, students of CSIR-CCMB and the larger life sciences ecosystem. The objective of 

these meetings will be to explore opportunities for business, networking, fund raising and seek support.

The idea is to foster a community of professionals who will in turn encourage and extend support to each other. 

The platform will be appropriate to discuss issues like intellectual property agencies, regulators, seed funders, 

business developers, research institutions etc. Each Café Mandala will have a specific theme for the meeting 

depending on what incubatees need information and support on. The focus will be on creating awareness about 

essential operations of a business like marketing, brand building to technical subjects and fund raising. 

AIC-CCMB has been visited by many dignitaries and delegations from prestigious institutions who wish to see 

how this life-sciences incubator functions. Visitors included Prof Arun Grover- VC of Panjab University, Dr Ajit 

Rangnekar - former Dean ISB and Head of Research and Innovation Circle of Hyderabad (RICH), delegations 

from Nanyang Technological University (NTU), Singapore, Andhra Pradesh Medtech Zone (AMTZ), AIC-SKU

University, NIPER, Hyderabad, Sineflex Solutions, NAARM-aIDEA and many more.  
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2.1   Administration & Management
Research Council
Research Council of a laboratory under CSIR provides direction and vision and helps it to formulate R&D 

programmes keeping in view the National priorities and opportunity niches and facilitates to design a road map 

to achieve it. The following are the constituent members of the Research Council of CSIR-CCMB:

Prof G Padmanabhan Chairman

Emeritus Professor

Department of Biochemistry

India Institute of Science 

Bengaluru

Prof R Varadarajan Member

Molecular Biophysics Unit 

India Institute of Science

Bengaluru

Prof Jitendra P Khurana Member

Head, Department of Plant Molecular Biology 

Delhi University, South Campus 

New Delhi

Prof Umesh Varshney� Member

Department of Microbiology & Cell Biology 

India Institute of Science 

Bengaluru

Prof Subrata Sinha Member

Head, Department of Biochemistry

AIIMS 

New Delhi

Dr Vijay Chandru� Member

Chairman & Managing Director 

Strand Life Sciences Private Limited 

Bengaluru

Dr Krishna Ella Member

Chairman & Managing Director 

Bharat Biotech International Limited 

Hyderabad

Dr Anurag Agrawal� Member

Director 

CSIR-Institute of Genomics and 
Integrative Biology 

Delhi

Dr Samit Chattopadhyay Member

Director

CSIR-Indian Institute of Chemical Biology

Kolkata

Dr S Chandrasekhar� Member

Director 

CSIR-Indian Institute of Chemical Technology 

Hyderabad

Dr Rakesh K Mishra Member

Director 

CSIR-Centre for Cellular and
 Molecular Biology 

Hyderabad

Dr K Thangaraj Secretary

Chief Scientist 

CSIR-Centre for Cellular and 
Molecular Biology 

Hyderabad
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Dr Rakesh K Mishra Chairman

Director, 

CSIR-CCMB 

Hyderabad

Shri S Balaraju Member

Scientist

CSIR-CCMB

Hyderabad

Smt Geetha Thanu Member

Senior Scientist

CSIR-CCMB

Hyderabad

Dr Manjula Reddy� Member

Chief Scientist

CSIR-CCMB

Hyderabad

Dr Srinivas Volety� Member

Principal Technical Officer

CSIR-CCMB

Hyderabad

Dr S Chandrasekhar Member

Director 

CSIR-IICT

Hyderabad

Dr Archana B Siva Member

Principal Scientist & Head, 
Business Development

CSIR-CCMB

Hyderabad

Finance & Accounts Officer Member

CSIR-CCMB

Hyderabad

Controller of Administration Member-

CSIR-CCMB Secretary

Hyderabad

Management Council
Following is the composition of the Management Council of CSIR-CCMB for the period 01.01.2018 to 

31.12.2019 as approved under Rule-65 of the CSIR Rules 7 Regulations:
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The overall administration of the Centre and the supervision of ancillary services such as transport and 

telecommunications are under the purview of the administration. In addition, secretarial assistance is provided

to the staff for the preparation of the reports, manuscripts and correspondence.

Administration

Finance & Accounts
All financial matters pertaining to CSIR-CCMB, including budget planning, allocation and expenditure are taken 

care of by the Finance and Accounts section.
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Stores & Purchase
CSIR-CCMB has a modern stores building with a cold storage facility and separate rooms for the storage of 

solvents and acids. The Stores and Purchase section maintains an exhaustive inventory of inorganic chemicals,

stationery, glassware, plasticware and other items. The staff of this section carries out the processing of orders

and the procurement of materials for the Centre.

Security
The Security services are outsourced to a professional security agency and is under supervision of trained 

security officers of CSIR-CCMB.

Medical Services
CSIR-CCMB shares a well-equipped clinic and dispensary with the CSIR-IICT. Medical care is available round 

the clock for staff and their families.
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Guest House
CSIR-CCMB's guest house has 28 well-furnished suites/ rooms and accommodates visitors from India

and abroad. 

Canteen
CCMB Canteen serves all catering needs of the staff and is functional on all working days.

Planning Monitoring and Evaluation Group

The primary responsibility is to assist the Director, CSIR-CCMB in project management activities and act as a 

liaison between the Director and other research groups, CSIR-HQ and other organizations. The PME takes care 

of various in-house, sponsored, collaborative, grant-in-aid and NIMTLI projects and provides inputs related to 

projects. In addition, PME provides information to project audit agencies and RTI queries.

PME assists the Director in preparation and collating institutional data for onward transmission to CSIR 

headquarters, survey agencies. PME also conducts various institutional programs as advised by the Director 

from time to time.
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Business Development

Business Development Group of CSIR-CCMB carries out various activities related to technical services,

IPRs, technology transfers, etc. Technical services include diagnostics services (molecular diagnostics,

wildlife forensics & Chromosomal Diagnostics) & analytical services. CSIR-CCMB has 2 major incubation 

facilities – DSIR-CRTDH and AIC-CCMB (NITI Aayog). 10 start-ups in the area of life sciences are hosted- all 

based on deep science. The domain areas include cancer diagnostics, biosimilars, point-of-care devices, drug 

repurposing, etc.

Science Communication and Public Relations

The main responsibility of this unit is to make the general public including students and teaching personnel 

aware of the latest scientific developments at CSIR-CCMB. Information about CSIR-CCMB research is 

conveyed to public via print and electronic media by organizing press conferences and interviews by

concerned scientists with the prior approval from the Director. Publications such as CCMB Annual Report

and as and when needed other relevant brochures are brought out. Research work being carried out in CCMB is 

brought to the awareness of general public including school and college students, teachers, lecturers, etc. 

National and international student visits are organized in the institute on all working days and specially on CSIR-

CCMB Open day. Press releases describing CSIR-CCMB's new initiatives, innovations, scientific leads and 

path breaking results are given to both national and local level newspapers. CSIR-Silver Jubilee Mega Science 

Exhibition, Hyderabad chapter was organized by CSIR-CCMB Science Communication and Public Relations 

department along with sister institutes IICT and NGRI to celebrate 75 years of CSIR's establishment and its 

achievements. The event attracted large crowds including students, teachers, lecturers, farmers and general 

public from all walks of life on all days of exhibition, not only from twin cities but also from nearby districts of 

Telangana state. As a part of the International Congress of Cell Biology (ICCB) in Feb 2018, many global 

stalwarts of science attending the conference visited nearby schools and colleges to share their personal and 

professional journeys in science. Several sessions and events of ICCB were effectively covered in various 

dailies and electronic media.

Electronic and Social media

CSIR-CCMB maintains a strong social media presence via Facebook and Twitter to inform about research and 

various other events happening in the institute as well as major happenings in the country with its impact on 

Indian science. Through its Facebook page, it connects with mainly students in the city and young PhD scholars. 

Through its Twitter handle, it constantly and timely engages its followers with the current happenings in research 

and development. Through its Facebook and Twitter handles, discussions at the conferences held in CSIR-

CCMB reach many thousands who are interested but are not present in the meeting. Through the engagements

on the Facebook page and Twitter handles, it has gathered more than 1000 followers in six months

on both fronts.

CSIR-CCMB's YouTube channel aims to collate interesting and cutting edge research happening in life sciences 

globally in form of research talks given by experts of the field. This is our drive towards open science, where 

students in countries like India who are interested in research but do not have access to research labs, stay 

updated with the frontiers of science. We currently have 30 research talks from various international researchers 

and about 30 interviews of researchers and PhD scholars talking about what pursuing research means to them.

CSIR-CCMB's LinkedIn page is the newest addition on social media. Using this, we aim to connect with

other key stakeholders in industry and education more seamlessly through discussions of the opportunities at 

the intersection of our interest with theirs.

We have now started a monthly newsletter - CCMB Daak that helps us reach through emails to those who might 

not follow us regularly on social media.
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Print media

CSIR-CCMB constantly informs the benefactors of its works via several print newspapers. The novel initiatives 

and research findings are immediately disclosed to the public via this medium.

Jigyasa is CSIR-CCMB's scientific annual Hindi print magazine on life science research that reaches out to our 

Hindi speaking followers. We are now working on making it available as a blog.
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2.2   General Information

2.2.A   List of Publications

1. Adimoolam MG, Amreddy N, Madhusudana Rao 

N, Sunkara MV (2018). A simple approach to 

design chitosan funct ional ized Fe O  3 4

nanoparticles for pH responsive delivery of 

doxorubicin for cancer therapy. J. Magnetism 

Magn. Mat. 448: 199-207.

2. Adimoolam MG, Vijayalakshmi A, Nalam MR, 

Sunkara MV (2017). Chlorin e6 loaded 

lactoferrin nanoparticles for enhanced 

photodynamic therapy. J. Mater. Chem.

5: 9189-9196.

3. Ahmad M, Sinha A, Ghosh S, Kumar V, Davila S, 

Yajnik CS, Chandak GR (2017). Inclusion of 
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Imputation Accuracy.  7: 6733.Sci. Rep.
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infection and inflammation in keratitis. 

Nanoscale  9: 9946-9959.
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7. Angapelly S, Ramya PVS, Sodhi R, Angeli A,
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de-carboxylation domino reaction for accessing 

functionalised 2-(1,3,4-oxadiazol-2-yl) anilines 

with carbonic anhydrase inhibitory action.

J. Enzyme Inhib. Med. Chem. 33: 615-628.

8. Ashok Yadav P, Pavan Kumar C, Siva B, Suresh 

Babu K, Allanki AD, Sijwali PS, Jain N, 

Veerabhadra Rao A (2017). Synthesis and 

evaluation of anti-plasmodial and cytotoxic 

activities of epoxyazadiradione derivatives. Eur. 

J. Med. Chem. 134: 242-257.

9. Asif M, Bhat S, Nizamuddin S, Mustak MS 

(2018). TG haplotype in the LRP8 is associated 

with myocardial infarction in south Indian 

population.  642: 225-229.Gene
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(2017). RNA interference in mosquito: 

understanding immune responses, double-

stranded RNA delivery systems and potential 

applications in vector control. Insect. Mol. Biol. 

26: 127-139.

12. Bansal M, Moharir SC, Sailasree SP, Sirohi K, 

Sudhakar C, 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 
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1. Anand Kumar Sharma, Radhika Khandelwal, Yogendra Sharma Secretagogin (2018). Purification

For Biophysical & Cell Biological Studies and its Ca2+-Binding Features Methods Mol. Biol.

(Published by Springer Nature) (In press)

2. Anirudh Rayaprolu, Saurabh K Srivastava, Lavleen  Bhati, Ketan Anand, Amit Asthana, Ch. Mohan Rao 

(2018). Fabrication of cost-effective and efficient paper-based device for viscosity measurement

Analytica Chemica Acta  (In press)

3. Archana Katoch, Sujit Suklabaidya, Souneek Chakraborty, Debasis Nayak, Reyaz Ur Rasool,

Deepak Sharma, Debaraj Mukherjee, Mir Mohd Faheem, Anmol Kumar, Parduman Raj Sharma, 

Shantibhusan Senapati, Lekha Dinesh Kumar  and Anindya Goswami (2018). Dual Role of Par-4 in 

abrogation of EMT and switching on Mesenchymal to Epithelial Transition (MET) in metastatic pancreatic 

cancer cells.  (In Press) Mol. carcinogen.

4. Kiran U, Regur P, Kreutz M, Sharma Y, Chakraborty A (2018). Trp scanning and the study of hierarchical 

calcium filling.  (published by Springer Nature) (In press) Methods Mol. Biol.

5. Krantikumar Y, Lakshmikanta Rao J, Srinivas R, Nagaraj R, Jagannadham MV (2018). Characterization of 

acetylated histidine b1-ion structure: A competition between oxazolone and sidechain imidazole moity. 

Eur. J. Mass Spectrom. (In Press) 

6. Manish Bhattacharjee, Divya Nair, Subramonian Thanumalayan, Sai Uday Kiran Peddapuvala, Neha 

Singhal, Rajesh Prasad, Pushpa Singh, Yogendra Sharma, Renu Sudhakar and Puran Sijwali (2018). A 

conserved human DJ1-subfamily motif (DJSM) is critical for anti-oxidative and deglycase activities of 

Plasmodium falciparum DJ1.  (In press)Mol. Biochem. Parasitol.

7. Sontakke SD (2017). Manual on “Chemical immobilization of Indian wild animals” Central Zoo Authority, 

Ministry of Environment, Forests & Climate Change, Government of India publication (In press)

8. Tayi L, Kumar S, Nathawat R, Haque AS, Maku RV, Patel HK, Sankaranarayanan R, Sonti RV (2017). A 

mutation in an exoglucanase of Xanthomonas oryzae pv. oryzae that confers an endo mode of activity 

affects bacterial virulence but not the induction of immune responses in rice.  (In press).Mol. Plant. Pathol.
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Patents Granted

• Novel Porphyrin derivatives for photodynamic therapy (PDT): a process for the preparation 

thereof and their use as PDT agents and fluorescence probes for biological applications;

I Ramaiah, SC Karunakaran, VS  Jisha, TK Chandrashekhar, A Srinivasan, MR Pillai, 

Sivakumari Asha Nair, SBP Saras, Ch Mohan Rao, K Sridhar Rao (India)

• Wdr13 as a novel biomarker useful for treating diabetes and cancer; Satish Kumar,

VP Singh (EPO, China, Switzerland)
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Research Staff

Amit Asthana

· Elected as Fellow of Telangana Academy of 

Science, By Telangana Academy of Sciences, 

Hyderabad, April 2017

· Elected as Expert by Department of Scientific 

and Industrial Research, Ministry of Science 

and Technology, Govt. of India, in Affordable 

Health Care Sector to evaluate CRTDH 

proposals for funding in 2018

· Award of Honor, as Distinguished Speaker at 

Lab-on-a-Chip and Microfluidic Conference, 

Organized by Select -Bio India, 17th to 18th 

January 2018, Mumbai, India.

· External Subject Expert for evaluation of 

performance of Students in IIT, Hyderabad, 

2018

Amitabha Chattopadhyay

· Awarded the SERB Distinguished Fellowship

· Elected as Fellow of Royal Society of Biology

· Invited to be a Lead Speaker at the Faraday 

Discussion on Photo induced Processes in 

Nucleuc Acids and Proteins, Kerala, India

· Elected as Member, Board of Studies of 

Biological Sciences, Academy of Scientific and 

Innovative Research 
th· Awarded 6  G.K. Manna Memorial Lecture 

Award

Ira Bhatnagar

· Young Scientist award from the Indian Chitin 

and Chitosan Society at the International 

Conference on Biotechnological Aspects of 

Chitosans and Chitooligosaccharides and 6th 

Indian Chitin Chitosan Society Symposium 

(ICCSS) - 2017, 21st - 22nd September, 2017.

· Scientist Medal (IAAM Scientist Medal) for the 

year 2017 from the International Association of 

Advanced Materials, April 2017.

K. Thangaraj

· L. D. Sanghvi Oration Award, by Indian Society

of Human Genetics (ISHG), presented at the

42nd Annual meeting of ISHG, Bangalore

(2-4 March 2017).

· Excellence in Research Award, by SciGenom 

Research Foundation, presented at the 

NextGen Genomics, Biology, Bioinformatics

and Technology Conference, Bhubaneswar

(2 – 4 October 2017).

· Invited to deliver a lecture in the 13th Indo-

Australian Conference on “Omics in Health”, 

Queensland Institute of Technology, Brisbane, 

Australia (30 – 31 October 2017)

· Dr. Joseph Thomas Memorial Lecture Award, IIT 

Madras, Chennai (29 January 2018)

· Prof. C. V. Pichappa Endowment Lecture Award, 

Department of Biochemistry, University of 

Madras, Chennai (9 February 2018)

· Prof. G. Jayaraman Endowment Lecture Award, 

Department of Genetics, University of Madras, 

Chennai (21 February 2018)

· Associate Editor: Tropical Medicine and 

International Health, Wiley Press (4 May 2018)

· Member, Task Force on Human Genetics and 

Genome Analysis, DBT, Government of India

(25 May 2017)

· Member, Task Force on Pharmacogenomics, 

ICMR, Government of India (25 May 2018)

· Member, Research Council, CSIR-IGIB, New 

Delhi (2017 – 2020)

· Editorial Board Member, Human Genetics 

(Springer)

Rajan Sankaranarayanan

· Sun Pharma Research Award in Medical 

Sciences under Basic Sciences Category

· GD Birla Award for Scientific Research for the

year 2017

· Sir J C Bose Memorial Lecture at NIPGR, New 

Delhi

· Prof A K Lala Memorial Lecture at IIT, Bombay

G R Chandak

· Fellow National Academy of Medical Sciences, 

New Delhi, India

· Prof. I C Verma Oration from Indian Society of 

Human Genetics.

2.2.B  Awards & Honors
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Students

D V S Sudhakar

 Travel fellowship from European Society of 

Human Genetics (ESHG)for attending ESHG-

2017 held at Copenhagen, Denmark 

Sunil Tripathi

 Travel fellowship from World Leish Organization 

to attend the 6th World Congress on 

Leishmaniasis held at Toledo, Spain 

Sneha Paturi

 Best Poster award 24th National Magnetic 

Resonance Society Meeting held at IISER, 

Mohali

Satya Brata Routh

 Indian National Science Academy - INSA 

MEDAL for Young Scientists 2018  

Sreetama Pal

· Best Poster Award at the international 

conference "Recent Advances in Molecular 

Spectroscopy: Fundamentals & Applications in 

Materials and Biology" University of Hyderabad.

· Travel grant for participating in the São Paulo 

School of Advanced Science (ESPCA) on 

Biophysical Methods to study Biomolecular 

Interactions, São Paulo, Brazil

Mazeed Mohd.
th Best Poster Award at the 24  Congress and

General Assembly of the International Union of 

Crystallography, IUCr-2017, held at Hyderabad 

International Convention Centre

Komal Ishwar Pawar
th Best Poster Award at the 11  AARS IUBMB 

Focused Meeting on Aminoacyl-tRNA 

Synthetases, held at Florida, USA

Santosh Kumar Kuncha

· Best Oral Presentation at 9th RNA group 

meeting held at BHU, Varanasi

· DST-DFG Awards for participation in the 68th 

Meeting of Nobel Laureates, Lindau, Germany

Suraj S Nongmaithem

· Award for best Short Talk from Indian Society of 

Human Genetics.

· Dr S Sagarwal Young Scientist Award from 

Society of Indian Association of Medical 

Genetics

Meraj Ahmad 

 Award for best Short Talk from Indian Society of 

Human Genetics

Lovejeet Kaur

 Abstract accepted for oral presentation at the 

5th International Vitamin Conference 2018, 

Sydney

Shanti Swaroop Srivastava

 Ratna Phadke Award of Indian Biophysical 

Society (IBS), Annual Meeting at IISER, Mohali

Radhika Khandelwal

 Received Carl Storm International Diversity 

(CSID) fellowship from Gordon Research 

Conference to attend Calcium Signalling 

Conference at Renaissance Tuscany Il Ciocco 

Lucca (Barga), Italy

AshutoshShukla

 Recipient of EMBO travel grant for “Chromatin 

and Epigenetics” conference held at EMBL, 

Heidelberg, Germany (May 3-6, 2017)

Pratibha Bhalla

· Recipient of EMBO travel grant for “Chromatin 

and Epigenetics” conference held at EMBL, 

Heidelberg, Germany (May 3-6, 2017).

th· Recipient of Travel grant for “15  Asian 

Conference on Transcription” held at Penang, 

Malaysia (31st July- 5th Aug, 2017)

Sadiya Parveen

 “Young Scientist Award” for the year 2017 by 

Telangana Academy of Sciences (TAS) 
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Shagufta Khan

 Selected for poster presentation entitled “Trans-

generational Epigenetic Inheritance via the

Male Germ Line in Drosophila melanogaster”at 

Epigenetics and Chromatin meeting going to be 

held at Cold Spring Harbor Laboratory, New 

York, USA

Fathima Athar

 Presented the poster entitled “Simple Sequence 

Repeats (SSRs) – Guardians of the Chromatin 

Galaxy” at the Annual Meeting of International 

Society for Stem Cell Research (ISSCR) held in 

Melbourne, Australia

Rahul Sureka

 Presented the poster entitled “Evolutionary 

Conservation of Nuclear Matrix Proteins” at 

EMBO Conference Series on Nuclear Structure 

and Dynamics held in L'Isle sur la Sorgue, 

France

Gopal Kushawah

 Presented the poster entitled “Functional 

Analysis of Extremely Conserved Non – Coding 

Sequences in Zebrafish” at the EMBO – EMBL 

Symposia: The Non – Coding Genome held in 

EMBL Heidelberg, Germany

Divya Tej Sowpati

 Oral presentation entitled “C-State: An 

Interactive Epigenome Browser” at the 

European Conference on Computational 

Biology (ECCB) held in Prague, Czech Republic

Ajoy Aloysius

 Platform Presentation award ICCB Jan 2018 

“Quietly changing partners: Smad3 replaces

β-catenin in Tcf/Lef transcriptional activation in 

quiescent muscle stem cells”

Swetha Sundar

 Travel grant by the organizers to attend 

Advances in Stem Cell Biology course in April 

2018 at Institute Pasteur, Paris

Lamuk Zaveri

 ISSCR Travel Award to attend International 

Society of Stem Cell Research annual meeting 

in Australia, June 2018, to present a poster 

“Oct4 and KLf synergize to target cell cycle 

regulators during reprogramming”

Parijat Sarkar

 Fellowship for participating in FEBS/EMBO 

Advanced Lecture Course on Molecular 

Architecture, Dynamics and Function of 

Biomembranes, Cargèse, Corsica, France 



Snake Symposium (Nov-Dec' 17)

National Seminar on Snake Venom Research and Snake Bite Therapy was held from Nov 30 to Dec 03, 2017. 

SNAKSYMP 2017 included 19 oral presentations and 16 poster presentations, a workshop in collaboration

with the Indian National Science Academy and with additional funding from the Bangor University on

"Snakebite mitigation initiative and innovative ways to develop effective antivenom". 19 Speakers

and 111 Participants from 12 countries across the world participated in the SNAKSYMP.

2.2.C   Conferences & Symposia

Long-term Wildlife Monitoring (Nov' 17)

CSIR-CCMB in collaboration with Colorado State University (CSU) organized a workshop titled

“Long-term wildlife monitoring: ecological and statistical considerations” from Nov 13-17, 2017 at

Laboratory for the Conservation of Endangered Species (LaCONES). The workshop addressed the

essential components of an effective, long-term monitoring program, emphasizing design and analysis 

components, and with a focus on wildlife populations. It was supported by the Indo-US
st21  Century Knowledge Initiative Grant, which is a partnership fostered to sustain India's biological

diversity in the realization of rapid environmental change. 
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International Congress on Cell Biology [ICCB] (Jan' 18)

The program included pre-congress session on Cell Biology education, Research integrity and

Careers in Biology. The main Congress talks were categorized under the themes of Disease Biology,

Molecular Motors, Pathogens & Infection, Building Tissues, Cell Division, Discovery of GPI Anchors

30 Year Anniversary, Transport within Cells, Mechanical Forces in Cell Biology, Development and

Cryo EM & Sub cellular complexes. 105 Speakers from across the world shared their research

findings with an audience of more than 1100 students and researchers in cell biology hailing from India

and 30 different countries. 664 posters were selected for the Poster session. Science outreach

programmes for school children, Scientist-Clinician meet, panel discussion on “Building a Biotech Start-up: 

Opportunities from Cell Biology” and a Science Policy session were other major highlights of the Congress.

ICCB 2018 Pre-Congress Session
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Prof Martin Chalfie, Nobel Laureate, delivering the Hyderabad Science Lecture on “GFP: Lighting Up Life”

Dr Jyotsna Dhawan, CCMB, Dr Rakesh Mishra, Director-CCMB, Shri Y S Chowdary, Hon’ble Minister of S&T and Earth Sciences, GOI, 

Dr Satyajit Mayor, Director-NCBS, Prof Ashok Venkitaraman, Director, MRC-Cancer Unit, University of Cambridge
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Minisymposium on Mitochondrial Medicine (Feb’ 18)

The minisymposium was jointly organized by the Society for Mitochondrial Research and Medicine-India

and the CSIR-CCMB on February 01, 2018. The symposium provided a common platform for basic

scientists and clinicians to discuss about the recent advances in field of mitochondria in health & disease.

Annual Meeting of Indian Society of Human Genetics (Mar’ 18)

43rd Annual Meeting of Indian Society of Human Genetics (March 12-14, 2018). 186 students and

researchers participated in this event with talks delivered by 44 speakers.

Pre-Conference workshop on "Clinical Genomics” in CCMB Lecture Hall

Annual Meetings of Indian Soc of Human Genetics



Parliament Committee Visit (Aug' 17)

The Parliamentary Standing Committee on Science & Technology, Environment & Forests conducted a study 

visit to the CSIR-CCMB on August 26, 2017. The Committee visited the centralized facilities viz. Advanced 

Microscopy, Proteomics, Genomics and Cell Sorter facilities, Zebrafish and Fly lab. The members showed a lot 

of interest in the research activities being carried out in these facilities and interacted with the research staff 

during the visit. Thereafter, the Committee visited the CCMB Annexe-II, iHUB, and interacted with the 

incubatees in Common Research & Technology Development Hub (CRTDH), CCMB-Atal Incubation Centre 

and other research staff there. The Committee opined that encouraging entrepreneurship in science is the need 

of the hour and was appreciative of the CSIR-CCMB's initiatives in setting up the Innovation Hub (iHUB) and 

accommodating incubatees under the CRTDH and the Atal Incubation Centre.
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Prof. P J Kurien Visit (Dec' 17)

Prof P.J. Kurien, Hon'ble Deputy Chairman, Rajya Sabha, had a brief stopover on December 17, 2017 at

CSIR-CCMB. Director-CCMB accompanied Prof. Kurien on the lab tour that included a visit to the wall

murals in the central area, imaging facility and Drosophila facility. Prof. Kurien very keenly discussed with 

students working in imaging facility and had a look at cells under the microscope.
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G R Chandak

Gambia

Steering Committee of Emphasis Grant at MRC Life 

course Epidemiology Unit

February 22-27, 2018

Netherlands

10th World Congress of DoHAD, Rotterdam, 

Netherlands

October 15-18, 2017

Mandar V Deshmukh

Germany

3rd NMR Meets Biology Symposium at GroBbothen, 

Leipzig, Germany

September 04-8, 2017

Jyotsna Dhawan

France

Pasteur Institute, Paris, France, to participate in the 

jury of her PhD Student Meryem Baghdadi

September 19, 2017

Denmark

First meeting for implementation of Indo-Denmark 

Collaborative Joint Research Project entitled “Muster 

Musculoskeletal Stem Cells Targeting” in Southern 

Denmark University, Odense, Denmark

May 01-03, 2017

G Umapathy

Russia

A N Severtsov Institute of Ecology and Evolution in 

Moscow, Russia and field visit to tiger habitats under 

Indo-Russia Collaborative Project

March 20 - April 2, 2017

USA

Colorado State University and 6th Conference of the 

International Society of Wildlife Endocrinology at 

Disney Animal Kingdom, Orlando, FL, USA

August 02-23, 2017

2.2.D Participation in International Meetings, 
         Courses and Deputations

K Thangaraj

UK

International Centre for Genomic Research in 

Neuromuscular Diseases at UCL Institute of 

Neurology, London, UK

September 10, 2017

Australia

13th Indo-Australian Biotechnology Conference

on “Omics in Health” at Queensland University of 

Technology, Brisbane, Australia

October 30-31, 2017

M V Jagannadham

USA

253rd American Chemical Society National Meeting & 

Exposition: Advanced Materials, Technologies, 

Systems & Processes at San Francisco, California, 

April 02-06, 2017

R Sankaranarayanan

USA

“11aaRS IUBMB focused symposium on Aminoacyl-

Trna Synthetases” at Sand Key, Florida, USA

Oct 28 to Nov 11, 2017

Thailand 
th5 Asia Pacific Protein Association Conference and 

12th Protein Society of Thailand Symposium 

Bangssen, Thailand

July 11-14, 2017

Sadanand D Sontakke

Thailand

Symposium and Annual Conference of International 

Embryo Technology Society

January 14-15, 2018
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Karthikeyan Vasudevan

USA

Visiting Professor in the Department of Biology at 

Colorado State University and USGS Fort Collins 

Science Centre, USA

May 19 to June 18, 2017

Dattatreya N Gurkhel

Germany, Switzerland

Service training on “Gallios Flow Cytometry Analyser 

and MoFlo XDP Cell Sorter

June 06-30, 2017

N Ravindra Chakravarti

Germany, Switzerland

Service training on “Gallios Flow Cytometry 

Analyser and MoFlo XDP Cell Sorter

June 06-30, 2017

Sudatt Tukaram Tambe

Germany

Service training programme “Operatta Confocal

Unit-High Content Screening System at M/s Perkin 

Elmer, GmBH, Hamburg

April 10-11, 2017

Harikrishna Adicherla

Germany

Service training programme “Operatta Confocal

Unit-High Content Screening System at M/s Perkin 

Elmer, GmBH, Hamburg

April 10-11, 2017

Sandeep Goel

Japan

EOL on assignment on his appointment as Program 

Specific Associate Professor in the Division of Applied 

Biosciences, Kyoto University, Kyoto, Japan

March 14, 2017 to March 13, 2019
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2.2.E   MoUs & Agreements

Institutional MoU

Ø BRIT

Ø E I DuPont India Private Limited

Ø NCBS, TIFR, CDFD, NCCS, NBRC

Ø Department of Scientific and Industrial Research 

(DSIR)

Ø Directorate of Rice Research, Hyderabad and 

Metahelix Life Sciences, Hyderabad

Ø Sunshine Medical Academy of Research & 

Training, Hyderabad

Ø Deccan College Post Graduate and Research 

Institute, Pune

Ø L V Prasad Eye Research Institute, Hyderabad

Ø Sickle Cell Institute, Chattisgarh

Ø Nizam's Institute of Medical Sciences, 

Hyderabad

Ø National Research Development Corporation, 

New Delhi

Ø Indian Institute of Rice Research (IIRR), 

Hyderabad

Ø Telangana State Director of Medical Education

Ø CCMB-IMMT-Genomix Biotech Inc. USA

Ø KIMS Foundation & Research Center (KFRC), 

Secunderabad

Ø Central Zoo Authority, New Delhi

Ø Sickle Cell Institute Chhattisgarh, Raipur

Ø Acharya N.G. Ranga Agricultural University, 

Guntur

Ø National Biodiversity Authority NBA-CSIR

Ø Telangana State Forest College & Research 

Institute, Hyderabad

Ø Government Medical College, Nagpur, 

Maharashtra

Academic MoU

Ø Academic Exchange Program with IIT, Bombay

Ø Academic Exchange Program with IIT, Kharagpur

CCMB-Atal Incubation Centre and 

CRTDH  Agreements

Ø Oncosimis Biotech. Private Limited

Ø Bioartis Life Sciences Private Limited, Hyderabad

Ø Virupaksha Lifesciences Private Limited, 

Hyderabad

Ø IKP Knowledge Park, Hyderabad

Ø Kommareddi Biopharma Private Limited

Ø Bioserve Biotechnologies (India) Private Limited

Ø iBUILD Innovations India Limited

Ø SAATRA Capital Advisors LLP

Ø Lycan Lab, Bangalore

Ø Magellan Life Sciences Private Limited, 

Hyderabad

Ø Theranosis Life Sciences Private Limited, 

Hyderabad

Ø Helixworks Technologies Private Limited, Guntur

Ø Humane Society International India, Mumbai

Ø Tardigrade Private Limited, Mumbai

Ø RR Animal health Care Limited, Hyderabad

Ø Srikara Biologicals Private Limited, Tirupati
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Dr Thomas Pucadyil
 IISER, Pune 

 “A Screen for Membrane Fission Catalysts”

 09 June 2017

Dr Ravi Venkatramani
 Department of Chemical Sciences, Tata Institute 

of Fundamental Research, Mumbai

 Towards Quant i ta t ive  Descr ip t ions o f  
Biomolecular Dynamics: Computational and 
Spectroscopic Descriptors 

 15 June 2017

Mr Rahul Singh
 Managing Director, Lycan Lab, Bangalore

 “Using Additive Manufacturing for biomedical 
applications: Possibilities and roadmaps”

 16 June 2017

Dr Sanjeev Gupta
 Lambe Institute for Translational Research, 

National University of Ireland, Galway, Ireland

 “Unfolded Protein Response: Friend or Foe in 
breast cancer”

 28 June 2017

Dr Sushma Shivaswamy
 Vice President, Research & Development, 

XBiotech USA Inc. Austin, TX, USA

 “True HumanTM Antibodies: A Path to Safe and 
Effective Antibody Therapy”

 21 July 2018

Dr Pratibha Boga-Kamat
 Senior Programme Manager, Entrepreneurship, 

C-CAMP, Bangalore

 “C-CAMP`s efforts in promoting innovation and 
entrepreneurship” 

 02 July 2017

Ms Uma Baskaran
 Krishna Saurastri Associates, Intellectual 

Property Law Office, Patent & Trade Mark 
Attorneys, Mumbai “Patenting Biotech Related 
Inventions & Patenting Procedure”

 7 August 2018

Dr Kamala Janiyani
 University of California San Diego, USA 

 “Technology Licensing for Innovation and 
Commercialisation: Need for Economic 
Development”

 11 August 2017

Prof Surendra Ghaskadbi

 Emeritus Scientist (CSIR), Developmental 

Biology Group, Agharkar Research Institute, 

Pune

 “Cell signaling molecules in hydra: Insights into 

evolutionarily ancient functions of signaling 

pathways”

 13 April 2017

Prof Jayanta Kumar Pal
 Director, Dr. D.Y. Patil Biotechnology & 

Bioinformatics Institute, Pune 

 “A GCN2-like eIF2α kinase of Leishmania 

donovani and its possible role in stress response”

 21 April 2017

Dr Ram Parikshan Kumar
 Dept of Developmental Neurobiology, St. Jude 

Children's Research Hospital Memphis, 

USA 

 “Regulation of Energy Metabolism During Early 

Mammalian Development: TEAD4 Controls 

Mitochondrial Transcription”

 27 April 2017

Dr Snehalata Vadigi
 Centre for Biodiversity and Conservation, Ashoka 

Trust for Research in Ecology and the 

Environment (ATREE), Bangalore

 “Ecosystem dynamics: Tree recruitment and 

growth in Tropical Savanna and deciduous forest 

ecosystem”

 03 May 2017

Dr Sreelaja Nair
 TIFR, Mumbai
 “Tardiness During Embryogenesis: does the 

cause really matter?”
 17 May 2017

Dr Kedar Nath Natarajan
 Wellcome Trust Sanger Institute & European 

Bioinformatics Institute, Cambridge, UK
 “Investigating the interplay between cell cycle 

and gene expression”

 25 May 2017

Dr Rakesh Pandey
 NII, New Delhi

 Modeling the regulation of photosynthesis genes 
in Rhodobacter 

 08 June 2017

2.2.F  Visitors & Invited Talks
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Dr Sonal N Jaiswal
 Howard Hughes Medical Institute, Baylor College 

of Medicine, Houston, TX, USA

 “Innovative genome editing approaches to 
explore neural stem cell homeostasis”

 16 August 2017

Dr Kushagra Bansal
 Dept of Microbiology & Immunology, Harvard 

Medical School, Boston, USA

 Thymic induction of immunological self-
tolerance: the role of AIRE and its partners

 18 August 2017

Dr Casey Dilliman
 Curator of Fishes, Amphibians and Reptiles, 

Cornell University Museum of Vertebrates, New 
York, USA

 “Biodiversity: investigations at many scales”

 17 August 2017

Prof Jonathan White
 School of Chemistry, The University of 

Melbourne, Australia

 “Applications of X-ray crystallography in the
design of DNA Radioprotectors and DNA-
targeted Radioimmunotherapy

 23 August 2017

Dr Madhu Sudhan Ravindran 
 Department of Cell and Developmental Biology, 

University of Michigan Medical School, Ann Arbor, 
Michigan, USA

 “Molecular Chaperones and Motors: From 
Proteostasis to Pathogenesis”

 31 August 2017

Dr Sanjay Premi
 Department of Therapeutic Radiology,Yale 

University School of Medicine, USA

 “UV-signature DNA damage without UV and its 
implications in skin cancer”

 06  September 2017

Dr Purusharth Rajyaguru
 IISc, Bangalore

 “Understanding mRNA movements in and out of 
translation”

 08 September 2017

Dr Achira Roy
 Center for Integrative Brain Research, Seattle 

Children’s Research Institute, USA

 “Model l ing human PI3K-re la ted bra in 
malformations and epilepsy - time, cause and 
treatment”

 11 September 2017

Dr Sathish Kumar Mungamuri 

 Department of Oncological Sciences, Mount Sinai 
School of Medicine, New York, USA

 “Understanding the Role of Heterochromatin in 
the Progression and Therapy of p53 Wt Tumors”

 12 September 2017

Dr Subhojit Sen
 Ramalingaswami Fellow, Centre for Excellence in 

Basic Sciences, Mumbai

 “Oxidative stress induced gene silencing: 
Epigenetic conservation of Cancer pathways from 
Stem cells to Chlamydomonas”

 22 September 2017

Dr Jay Gopalakrishnan
 Laboratory for Centrosome and Cytoskeleton 

Biology, Principal Investigator, Human Frontiers 
Science Program (HFSP) University of Cologne, 
Germany

 “Centrosomes and cilia in human brain 
development and cancer”

 04 October 2017

Dr Deepika Suri

 Columbia University, New York

 “The role of postnatal developmental periods in 
shaping adult neurocircuitry and behaviour”

 06 October 2017

Dr Michael Sattler
 Technical University of Munich, Garching, 

Germany

 “Combining NMR and integrative structural 
biology to reveal mechanisms of regulatory 
protein-RNA interactions in gene regulation”

 09 October 2017

Prof Kevin Gardner
 Director, Structural Biology Initiative, CUNY 

Advanced Science Research Center Professor, 
Chemistry & Biochemistry, City College of New 
York, USA

 “Cont ro l l ing  b iochemica l  func t ion  v ia  
environmentally-modulated protein/protein 
interactions: Turning Nature’s switches into our 
tools”

 11 October 2017

Dr Ramkumar Sambasivan
 InStem, Bangalore

 “Recapitulating developmental cues guide 
pluripotent stem cell differentiation into dual 
potential muscle / heart progenitors”

 16 October 2017
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Dr Moutusi Manna
 Biological Physics and Soft Matter (BIO) group, 

Department of Physics, Tampere University, 
Finland

 “Interplay of Lipids and Membrane Proteins 
Studied by Large-Scale Molecular Dynamics 
Simulations”

 17 October 2017

Dr Pulak Kar
 University of Oxford, UK

 “CRAC channels Ca2+ microdomains in NFAT 
activation and gene expression”

 24 October 2017

Dr Megha Kumar
 DST-INSPIRE Faculty, Regional Centre for 

Biotechnology (RCB), NCR Biotech Science 
Cluster, Faridabad.

 “Divide and Develop! Understanding the 
molecular regulation of embryonic mitoses”

 02 November 2017

Dr Ramesh Kandimalla
 Assistant Professor (Research), Texas Tech 

University, USA
 “Protective role of reduced dynamin-related 

protein 1 protects against phosphorylated Tau 
and A&beta; induced mitochondrial dysfunction, 
synaptic damage, dendritic spine loss, failure in 
mitophagy in Alzheimer’s disease mouse 
models”

 03 November 2017

Prof P K Madhu
 TIFR-Hyderabad
 “Observing A&beta; Transiting from Monomers to 

Oligomers to Fibrils through the Solid-State NMR 
Glass”

 08 November 2017

Dr Kiran K Bali
 University Clinic Heidelberg, Heidelberg, 

Germany
 The non-coding RNA approach to probe for novel 

analgesic targets
 10 November 2017

Dr Sandilya  Garimella
 Environmental and Biological Sciences Division, 

Pacific Northwest Laboratory, Richland, USA
 “Ion Mobility Technologies and Biological 

Applications”
 16 November 2017

Dr Raghuvir Singh Tomar
 Associate Professor, IISER, Bhopal
 “Cell Wall Integrity and Flocculation mechanisms 

are antagonistically regulated by yeast SEN1”
 17 November 2017

Prof Barry Noon
 Colorado State University, USA

 “Tiger conservation in India”

 13 November 2017

Prof Anil Kumar Gupta
 Visiting Faculty, Centre for Management in 

Agriculture, Indian Institute of Management, 
Ahmedabad

 “Emerging creativity and innovation landscape in 
India: lessons for learners”

 26 November 2017

Dr Suneel Reddy Alla
 Freie University Berlin, Germany

 “Understanding organization of protein scaffolds 
at neurotransmitter release site”

 28 November 2017

Dr Matthew S Sachs
 Department of Biology, Texas A&M University, 

College Station, TX USA
 “Gene regulation through the control of ribosome 

movement”
 07 December 2017

Dr Thomas Kieft
 New Mexico Tech, USA
 Allometry of Animal-Microbe Interactions
 11 December 2017

Prof Daniel Otzen
 Interdisciplinary Nanoscience Center, Aarhus 

University, Denmark
 “Exploring the potential of liprotides: formation, 

properties and use in delivery to the cell 
membrane”

 14 December 2017

Prof Malcolm H Levitt
 University of Southampton, UK 
 “Nuclear Spins Far From Equilibrium”
 21 December 2017

Dr Latha Kadalayil

 Human Genetics and Genomic Medicine, 

University of Southampton, UK

 “Exome sequence read depth methods for 

identifying copy number changes” 

 22 December 2017

Dr Raghu Vemuganti
 Dept. of Neurological Surgery, Univ. of Wisconsin, 

Madison, USA
 “Interaction of noncoding RNAs and epigenetics 

in post-stroke brain damage”
 26 December 2017
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Dr Santosh B Satbhai

 Salk Institute for Biological Studies, San Diego, 

USA

 The Genetic Bases of Natural Variation for Iron 

Homeostasis and Root Growth

 28 December 2017

Dr Subhash C. Pandey
 Professor & Director, Dept. of Psychiatry, 

University of Illinois at Chicago & Jesse Brown VA 

Medical Center, Chicago, USA
 “Neuroepigenetics: The next evolution in the 

molecular basis of alcohol addiction”
 03 January 2018

Dr A J Venkatakrishnan
 Stanford University, USA
 How to give, make and present outstanding 

posters!
 05 January 2018

Dr Amit Sharma
 TERI-Deakin NanoBiotechnology Centre, 

Gurgaon,
 Haryana
 “Photosynthetic Reaction Centre Structure and 

Dynamic Studies Using Serial Femtosecond 

Crystallography and Time Resolved Wide Angle 

X-ray Scattering”
 02 February 2018

Prof Paul Walton

 University of York, UK

 “Equality for Women in Science: Why is it so 

Slow?”

 05 February 2018

Prof Sridhar Hannenhalli
 University of Maryland, USA 
 “Remote control of gene activity”
 06 February 2018

Prof Christian Griesinger 
 Max-Planck Institute for Biophysical Chemistry, 

Germany
 “NMR and more applied to B cell activation and 

cellular degeneration and protection as well as 
cancer”

 12 February 2018

Dr Priya Moorjani

 Burroughs Wellcome Fund CASI Fellow, 
University of California, Berkeley, USA

 “Dating evolutionary events using the molecular 
clocks of mutation and recombination”

 20 February 2018

Dr John Measey

 Centre for Invasion Biology (CIB), Department of 
Botany and Zoology at Stellenbosch University, 
South Africa

 “Invasive amphibians of southern Africa”

 21 February 2018

Prof Arun Kumar Grover
 Vice-Chancellor, Punjab University, Chandigarh  

 “Nucleation of Higher Education and Research in 
Pre and Post Independent India: A Personal 
Perspective”

 22 February 2018

Dr Isha Raj 
 Karolinska Institute Stockholm, Sweden

 “Molecular insights into Egg Coat-Sperm 
Recognition at Fertilization”

 12 March 2018

Prof Utpal Banerjee
 Dept of Molecular Cell and Development Biology, 

University of California, USA

 “Metabolic control of Development” 

 13 March 2018

Dr Rishi Kumar Sharma

 Lead (Technical) Snow Leopard Conservation, 
(WWF International), Sr. Coordinator, Species & 
Landscapes (WWF India)

 “A multi-scale study of habitat use and abundance 
of the endangered Snow Leopard Panthera 
uncial”

 16 March 2018

Dr Pavithra L Chavali

 MRC Laboratory of Molecular Biology, 
Cambridge, UK

 “Hijacking physiological pathways for pathological 
outcomes”

 20 March 2018

Dr Sanjit Mukherjee

 Endocrine Oncology Branch, National Cancer 
Institute, Bethesda, USA

 “Role of Histone Methyltransferases in Neuro-
endocrine Tumors”

 26 March 2018
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Pratibha (Jun’ 17) 

 On Jun 24, 2017, the Annual cultural event “Pratibha” was conducted. Director, CCMB released the Annual 

Science magazine JIGYASA for 2017. Thereafter, CCMB Staff and students exhibited their talent in 

various arts like singing, dancing, ghazals, shayari, etc. 

2.2.G   CCMB Events & Popular Talks

Independence Day (Aug’ 17) 
 On Aug 15, 2017, Dr. Rakesh Mishra, Director, CCMB, hoisted the flag and distributed prizes and 

certificates to the winners of various indoor and outdoor sports conducted by the Staff Club.
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Hindi Week (Sept’ 2017)

 The Hindi Day celebrations were conducted on Sept 14, 2017 with a popular talk titled “Himsakeroop”

by Prof. Nand Kishore Acharya, IIIT, Hyderabad. Staff and officials who are implementing and

promoting Hindi usage in official work were awarded with cash prizes. Later, a Hindi cultural programme 

was held in the evening.
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Foundation Day (Nov’ 17)

 CCMB celebrated its 30th Foundation Day on November 26, 2017. The 

30th Foundation Day lecture was delivered by Prof. Anil Gupta, Visiting 

Faculty, IIM Ahmedabad on “Emerging creativity and innovation 

landscape in India: lessons for learners”

 The CSIR-CCMB PhD students symposium was held in the forenoon of 

Nov 26, 2017. 9 PhD students made oral presentations on their research 

work. At the end of the symposium, the Anindya Kumar Ghosh memorial 

award winners for 2016 batch were announced. The previous year 

winners, Ms. Komal Awalellu and Mr. Debabrata Jana, presented the 

Certificate and Cash award to Ms. A S Preeti for the year 2017. The 

programme was successfully concluded with a vote of thanks given by Ms. Akanksha Garhewal.

 On this occasion, the CSIR-CCMB Staff Club organized 6th Inter-lab Quiz Competition among various 

Central Govt. Institutes across Hyderabad at CSIR-CCMB Centre Court on 30th November 2017 with

Mr. N Siva Rama Prasad, IT group, as the quiz master.
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Republic Day (Jan’ 18)

 On Jan 26, 2018, CCMB invited Padmashri Dr. 

J Gowrishankar JC Bose Fellow, Centre for 

DNA Fingerprinting and Diagnostics, as the 

Chief Guest. Dr. Rakesh Mishra, Director, 

CCMB, hoisted the flag followed by a speech 

by Dr. Gowrishankar. Prizes and certificates 

were distributed to the winners of various 

indoor and outdoor games.
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Founder’s Day (Feb’ 18)

 CSIR-CCMB celebrated its 2nd Founder’s Day on February 22, 2018, in the memory of its Founder 

Director, Dr. P M Bhargava, albeit with a sad note as Dr. PMB passed away on August 01, 2017. This year, 

the event was themed around bridging the current students at CSIR-CCMB with the alumni. Aptly named 

Sci-Setu (setu refers to bridge in Hindi), the day revolved around listening to ideas that the current PhD 

students in CSIR-CCMB have as well as know the varied journeys that the alumni have taken. 

 The Sci-Setu was followed by an Invited Talk by Prof Arun Kumar Grover, Vice Chancellor, Panjab 

University, titled “Nucleation of Higher Education and Research in Pre and Post Independent India: A 

Personal Perspective”.

 The students of Sri Rama Nataka Niketan performed “An Evening of Dance” choreographed by Guru Sri 

V.S. Ramamoorthy and Guru Smt. Manjula Ramaswamy in the evening. Dr. Rakesh K Mishra, Director-

CCMB, felicitated the Gurus and their team after their mesmerizing dance performance that was followed 

by a contributory dinner.
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STUDY TOURS

 CCMB receives a number of requests from Universities, Colleges and Schools every year for guided tours 

to the various facilities. CCMB took up this activity since its inception with an objective of keeping the young 

minds informed about the ongoing activities of CCMB in general and advances in frontier areas of modern 

biology in particular which they read in their text books in graduate and post-graduate studies. For this, a 

guided tour is organized for the visiting students groups. During the year, 2200 students visited the Centre 

from several colleges and universities of Andhra Pradesh, Telangana, Tamil Nadu, Chhattisgarh, Kerala, 

Orissa, Maharashtra, Himachal Pradesh, Goa, Karnataka, West Bengal, Jammu & Kashmir and Assam, 

Students from abroad from Ahmadhiyya International School, Male' Republic of Maldives and Kathmandu 

University, Nepal also visited CCMB and interacted with the scientists.

2.2.H  Science Outreach/ Popularization Programs

Student visitors interacting with the scientist

Akshar School students on a lab tour in CCMB



Young Innovators interacting with the researchers

CCMB YOUNG INNOVATORS PROGRAM (YIP)

 YIP is a programme for the school children of classes VIII to X, provides the students an opportunity to have 

close interactions with CCMB scientists and also provides hands on experience of research work for a 

period of two weeks from 9th to 20th January 2018 to 24 students from various schools selected after 

written test. 
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Curious Young Innovators in the microscopy facility
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CCMB OPEN DAY

 CSIR-CCMB celebrates the Foundation Day of its parent body, the Council of Scientific and Industrial 

Research (CSIR) as Open Day on Sept 26th every year.  For the year 2017, Sept 28 was the Open Day in 

view of the CSIR Platinum Jubilee Celebrations in Delhi. CSIR-CCMB opened its doors for students and 

science enthusiasts to visit the laboratory, various research facilities and to understand the interesting 

research and their outcomes. There were 2,541 visitors to the lab, from twin cities, other districts of 

Telangana and from other states of the country. Visitors were taken to various facilities viz. Electron 

Microscopy, NMR facility, Microarray, X-Ray Crystallography, etc. There were 20 posters and 10 exhibits by 

research scholars and staff from different labs.



CSIR - KV SANGATHAN 

“JIGYASA”, a Scientist -Student School Connect Program aimed at instilling scientific temper among school 

children - was held at CSIR-CCMB, Hyderabad on 4th Jul, 2017. An impressive number of 150 students

(of IX and X Standards) representing 56 different Kendriya Vidyalayas in Hyderabad region spent a whole

day at the laboratory.  The day-long event started with the visits to various facilities of the laboratory namely 

Proteomics, DNA sequencing, Drosophila Lab, Zebrafish, Spectroscopy, Imaging, NMR, FACS, Microarray, etc. 

followed by interactive lecture sessions by Dr. Ajay Gaur, Senior Scientist, on “Wildlife Conservation: Wake up 

before it is too late”; by Dr. H H Krishnan, Senior Scientist, on “Emerging Viral Infections and Their Impact on 

Human Health", by Dr. Lakshmi Rao on “Chromosome Abnormalities: When the Thread Like Structures Go 

Awry”. The talks were followed by an exciting Science quiz, conducted by the CCMB PhD scholars.

CCMB Annual Report   2017-2018  |  226



CCMB Student Council in Outreach Activity

CCMB Outreach Program - ‘Sci Setu’

There appears to be a chasm of communication between the research lab and the classroom where budding 

researchers are studying. The CCMB Outreach Program - ‘Sci Setu’ was initiated with a view to ‘bridge’ this gap 

and take research at CSIR-CCMB as a career option to the undergraduate and postgraduate science students 

of the city. On April 7, 2018, students of CSIR-CCMB visited Loyola College to address undergraduate students 

of microbiology and biotechnology, and kickstarted the initiative. Four colleges have been covered since; Loyola 

Academy Degree and P.G College, Annie Besant Women's College, St.Pious X Degree & PG College for 

Women and St. Francis College for Women. The discussion begins with an overview of the landmarks in 

research that CCMB has achieved since its inception. It then pans to the highlights of current research being 

undertaken, with the objective to let the interested students know about the different areas of research here, if 

they should aim to join one of the labs in the future. CSIR-CCMB is one of the few institutes in the country which 

offer a choice of labs for graduate students to ensure that individual research interests are taken into 

consideration. Hence, the outreach session gives an overview of the diverse areas in cellular and molecular 

biology that are explored here. The next session is dedicated to the scientific method. Here, students discuss 

what it means to formulate a testable hypothesis and to design experiments to test it. Students also talk about 

one or more research areas in detail, to take biology out of textbooks and to the lab bench.

Another objective of the exercise is to initiate a dialogue with the young students about the multitude of 

opportunities in biological research. The students believe that such a discussion is seldom held during the early 

stages of education, and there is a possibility of the brightest of minds losing out on a fulfilling career in research 

for mere lack of information. The institute stands to benefit from this talent as well. For this reason, CSIR-CCMB 

graduate students share their opinions and experiences about their journeys in the field at length.

Our students assert that the entire exercise is a highly fulfilling experience, and is something they wish they 

could gain from during their early stages of education. Their own curiosity, enthusiasm and ambitions are echoed 

by the young students, which makes the program all the more enriching and shows that such forums are 

necessary. Over the months, the program has seen an increasing participation of enthusiastic graduate 

students wanting to share their knowledge and experiences with young minds. After every session, the feedback 

from students helps to better the program for the future. With all CSIR-CCMB students coming together, the aim 

is to carry on this program for the years to come.
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Chalk the Talk

‘Chalk the Talk’ is a forum for young scientists to discuss their works and share interesting ideas and concepts in 

their fields or beyond. There are no restrictions whatsoever on who can opt for discussion, topic of discussion, or 

even length of the session. The sole rule strictly followed is that there are no powerpoint presentations. The 

speaker goes old school with a blackboard, chalk and duster. Dozens of eager ears and minds contribute to an 

enriching round of discussion. The session is held fortnightly, at 9 PM on Friday nights. So far, five students have 

discussed a wide range of topics, from their PhD work to the origin of life. All the speakers found the chalk method

highly enriching and more effective than a powerpoint presentation for explaining concepts.

1. DTD-tRNA code: An operational tRNA code for chiral proofreading during protein synthesis by Santosh 
Kumar Kuncha (23-02-2018)

2. Capturing totipotency in mouse embryonic stem cells by Debabrata Jana (09-03-2018)

3. Power, Sex, and Suicide: Mitochondria and the meaning of life by Apuratha Pandiyan (23-03-2018)

Scientific group meeting

The monthly scientific group meeting (SGM) will be getting an overhaul this year. The aim is to make SGM a 

platform where all the students and principal investigators come together to discuss current science all over the 

world, irrespective of their areas of research. In the proposed model, every month will see two speakers - one 

student and one PI. The session will be concluded with a fun quiz on recent fascinating findings in various fields 

of science.

Student council members as on 31/03/2018:

a. Zuberwasim Sayyed g. Dipak Roy

b. Santosh Kumar Kuncha h. Shambhavi Garde

c. Renu Sudhakar i. Divya Gupta

d. Siddharth Bhatia j. Abishek Bharadwaj

e. Preethi Jampala k. Harsh Joshi

f. Manish Bhattacharjee l. Shraddha Lahoti 
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1

CCMB in News
(A few press clippings)





Launch of CCMB - Atal Incubation Centre
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Findings of CCMB on 
Consanguinity and Genetic Disorders
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CCMB in Mission Mode Project 
on Sickle Cell Anemia
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CCMB to organize the 
International Congress on Cell Biology 2018
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New breakthrough in 
CCMB - IIRR research collaboration

CCMB Annual Report   2017-2018  |  235



th30  Foundation Day of CCMB celebrated
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Clinical Outreach Initiative under 
Mission Mode Project on Sickle Cell Anemia
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ndCCMB celebrates its 2  Founder’s Day
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Staff List





Staff, Research Students, Project Staff & Others

SCIENTIFIC RESEARCH GROUPS

Amit Asthana Group 

Amit Asthana    Principal Scientist 

Ira Bhatnagar   Sr Scientist

Shahila Parween   Research Associate

Sourabh Kumar Srivastava  Research Associate

Naga Sowmya   Project Assistant 

A S Sreedhar Group 

A S Sreedhar   Principal Scientist 

A Vijaya Lakshmi    Principal Scientist

K R Paithankar   Principal Tech Officer

Akhil Kotwal    Ph.D. student

Pankaj Kumar   Ph.D. student

Shrikant Dharaskar   Ph.D. student

Akanksha Pant   Research Associate

Ramkumar Balaji   Project JRF

Purnima Bhargava Group

Purnima Bhargava   Emeritus Scientist

Ashutosh Shukla   Ph.D. student

Geethanjali Ravindran  Research Associate  

Raghavendra Vadla   Project SRF

Venkata R Aditya Chalamcharla Group

Venkata R Aditya Chalamcharla Project Scientist

Anubhav Bhardwaj   Technical Officer

Harsh Joshi    Ph.D. student

Annapoorna K P    Project JRF

G R Chandak Group

G R Chandak   Sr Principal Scientist 

K Radha Mani   Principal Tech Officer

Seema Bhaskar   Principal Tech Officer

Inder Deo Mali    Lab Assistant

P Ashok    Lab Assistant

Meraj Ahmad    Ph.D. student 

N Suraj Singh   Ph.D. student 

Prachand Issarapu   Ph.D. student

Ashutosh Singh Tomar  Ph.D. student

Sara Sajjadi    Ph.D. student

Lovejeet Kaur    Research Associate 

Ajay Deepak Verma   Research Associate 

Anbhan Saadhuguru  Project Assistant I

Arumalla Manisha   Project Assistant I

Mobeen Shaik   Project Assistant I

Shoma Kumaresh Naskar  Project Assistant I

Swathi Bayyana   Project Assistant I

Vinay Donipadi   Project Assistant I

Punya Sri PSKDB   Project Assistant 

Shagufta Tasneem   Project Assistant 

Challapalli Mounika   Project JRF

Akshay Dedaniya   Project JRF

Amitabha Chattopadhyay Group

Amitabha Chattopadhyay  J C Bose Fellow 

Aditya Kumar G   Ph.D. student

Parijat Sarkar   Ph.D. student

Bhagyashree D Rao  Ph.D. student

Sreetama Pal   Ph.D. student 

Subhashree Shubhrasmita Sahu Project JRF

Sarosh N Fatakia   Visiting Scientist

Ch Mohan Rao Group

Ch Mohan Rao   J C Bose Fellow

Kranthi Kiran Akula   Ph.D. student

Budnar Prashanth   Ph.D. student

Kamakshi Dandu   Ph.D. student

Mandar V Deshmukh Group

Mandar V Deshmukh  Principal Scientist

Upasana Rai    Ph.D. student

Sneha Paturi    Ph.D. student

Jaydeep Paul   Ph.D. student

Aute Ramdas Annasaheb  Ph.D. student

Jyotsna Dhawan Group

Jyotsna Dhawan   Chief Scientist

Sujoy Deb    Ph.D. student 

Debarya Saha   Ph.D. student

Swetha S    Ph.D. student 

Priti A S    Ph.D. student

Ananga Ghosh   Ph.D. student

CCMB Annual Report   2017-2018  |  241



Lamuk Zaveri   Ph.D. student

Amena Saleh   Ph.D. student

Gunjan Purohit   Research 
 Associate II

Gunasekaran Subramaniam Research Associate 

Prabhavathy Devan   Research Associate 

Ajoy Aloysius    Project SRF

Swetha Gopal   Project JRF

G Umapathy Group

G Umapathy    Principal Scientist 

Vinod Kumar    Technical Officer

M S Ram    Ph.D. student

Mihir Trivedi    Ph.D. student

Manu S    Ph.D. student

Raja Beaulah Budithi Neema Project Assistant II

Abirami K    Project Assistant 

Ajay Gaur Group

Ajay Gaur     Principal Scientist

A Sreenivas    Sr Tech Officer 

H H Krishnan Group

H H Krishnan    Sr Scientist

M Mohan Singh   Technical Assistant 

Manish Kumar Johri   Ph.D. student

Sana Parveen   Ph.D. student 

Dhiviya V    Ph.D. student 

Haripriya Parthasarathy  Ph.D. student

Divya Gupta    Ph.D. student

Poonam Manral   Project JRF

K Guruprasad Group 

K Guruprasad   Sr Principal Scientist 

A Sharada Devi   Principal Tech Officer

K Thangaraj Group

K Thangaraj    Chief Scientist 

Nitin C Tupperwar   Sr Scientist (on lien)

G Mala     Principal Tech Officer

S Deepa Selvi Rani    Sr Tech Officer  

Jagamohan Chhatai   Technical Assistant 

Ch Viswanatham   Lab Assistant

D V S Sudhakar   Ph.D. student

Sunil Kumar Tripathi  Ph.D. student 

Rajan Kumar Jha   Ph.D. student 

Nipa Basak    Ph.D. student

Jaydeep A Badarukhiya  Ph.D. student 

Lomous Kumar   Ph.D. student

Umesh Kumar   Ph.D. student

Deepak Kumar Kashyap  Ph.D. student

Sagnik Dhar    Ph.D. student

Chhavi Dhawar   Ph.D. student

Paramasivam A   Research 
 Associate II

Narmada    Research Associate 

Aishwarya Dhall   Project JRF

Arvind Kumar Group 

Arvind Kumar    Principal Scientist

Sachin Singh    Scientist

Avijeet Kamle   DST- PI

Shams Ul-Haq Talee  Ph.D. student

Unis Ahmad Bhatt   Ph.D. student

Annapoorna P Karthyayani  Ph.D. student

Niharika Awasthi   Ph.D. student

Gajendra Reddy   Research Associate 

Lekha Dinesh Kumar Group

Lekha Dinesh Kumar  Principal Scientist

Megha Kumar Group

Megha Kumar   DST INSPIRE Faculty

Kirti Prasad    Project JRF

Santosh Kumar Group

Santosh Kumar   Project Scientist

Rini Jacob    Research Associate 

Satish Kumar Group

Satish Kumar    Chief Scientist

Alok Kumar    Ph.D. student

Rajesh V Iyer   Ph.D. student

Sitanshu Kumar Sarangi  Ph.D. student

Niranjani    Research Associate 

Sivapriya Pavuluri   Research Associate 

Chilukoti Neeraja   Research Associate 

Bhim Bahadur Biswa  Project JRF
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Mukesh Lodha Group

Mukesh Lodha   Ramalingaswami
 Fellow

Akanksha Garhewal   Ph.D. student 

Preethi Jampala   Ph.D. student

Aditya Undru    Ph.D. student

Shraddha Vijay Lahoti  Ph.D. student

Isha Joshi    Project JRF

M Mohammed Idris Group 

M Mohammed Idris   Principal Scientist

M V Jagannadham Group 

M V Jagannadham   Chief Scientist 

Deepika Chandra   Ph.D. student

Rakesh Kumar Mishra Group

Rakesh Kumar Mishra   Director 

Rashmi Upadhyay Pathak  Principal Scientist 

A Srinivasan    Sr Tech Officer 

Runa Hamid    DST-PI

Divya Tej Sowpati   Project Scientist

Titus Surendra Ponrathna  Ph.D. student

Avinash Srivastava   Ph.D. student

Shagufta Khan   Ph.D. student 

Parna Saha    Ph.D. student

Phanindhar K   Ph.D. student 

Rahul Sureka   Ph.D. student 

Nikhil Hajirnis   Ph.D. student

Ashish Bihani   Ph.D. student

Ravina Saini    Ph.D. student

Avvaru Akshay Kumar  Ph.D. student

Soujanya M S   Ph.D. student

Shreekant Verma   Research Associate 

Sofia Banu    Project JRF

Nisha M    Office Assistant

P Chandra Shekar Group

P Chandra Shekar   Sr Scientist 

Kale Hanuman Tulashiram  Ph.D. student

Debabrata Jana   Ph.D. student

Vishnu Vijay    Ph.D. student

Mansi Srivastava   Ph.D. student

Rajendra Singh Rajpurohit  Project JRF

Somesh Machhindra Gorde Project JRF

Veena Parnaik Group

Veena Parnaik   J C Bose Fellow

Richa Khanna   Ph.D. student 

Vidhya Krishnamoorthy  Ph.D. student

Anant B Patel Group

Anant B Patel   Principal Scientist 

K S Vardarajan   Technical Officer

Pravin Kumar Mishra  Ph.D. student

Narayan DattSoni   Ph.D. student

Dipak Roy    Ph.D. student

Bedaballi Dey   Ph.D. student

Kamal Saba    Ph.D. student

Akhila Ramesh   Project JRF

R Nagaraj Group

R Nagaraj    J C Bose Fellow

Pratapa Gayatri   Project Assistant

Taniya Mary Binny   Project JRF

Tushar Ranjan Moharana  Ph.D. student

Swasti Raychaudhuri Group

Swasti Raychaudhuri  Ramalingaswami 
 Fellow

Shivali Rawat   Ph.D. student 

Shemin Mansuri   Ph.D. student

Harshit Vaish    Ph.D. student

Sharmila Singh   Research Associate 

Debodyuti Mondal   Project Assistant

Suparna Ghosh   Project JRF

Manjula Reddy Group 

Manjula Reddy     Chief Scientist

G S N Reddy    Principal Tech Officer

S Venugopal    Sr Technician 

Nilanjan Som    Ph.D. student 

Pavan Kumar Ch   Ph.D. student 

Raj Bahadur    Ph.D. student

Shambhavi Garde   Ph.D. student

Moneca Kaul    Ph.D. student

SankaraRao Kola   Ph.D. student

Balaji V    Research Associate

Kumaraswamy Regalla Group

Kumaraswamy Regalla  Wellcome Trust Fellow 

Abishek Bharadwaj   Ph.D. student

Priyanka Pant   Ph.D. student

Manisha Kumari Sahu  Project JRF
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Rajan Sankaranarayanan Group

Rajan Sankaranarayanan  Chief Scientist 

P Shobha Krupa Rani   Principal Scientist

Biswajit Pal      Sr Scientist

R Rukmini    Principal Tech Officer

P Sambhavi    Technical Officer

K Mallesham    Technical Assistant 

Mazeed Mohammad  Ph.D. student 

Santosh Kumar K   Ph.D. student

Satya Brata Routh   Ph.D. student

Jotin Gogoi    Ph.D. student

Sudipta Mondal   Ph.D. student

Pradeep Kumar   Ph.D. student

Salam Herojeet Singh  Research Associate 

Raghvendra Singh   Research Associate 

K Priyadarshan   Research Associate 

Akshay Bhatnagar   Research Associate 

Gurumoorthy Amudhan  Project Assistant

Priyanka Dahate   Project JRF

Vinitha Lakshmi V   Project JRF

Surabhi Pramanik   Project JRF

Yogendra Sharma Group

Yogendra Sharma    Chief Scientist

R Phanindranath   Sr Tech Officer  

Syed Sayeed Abdul   Lab Attendant  

Patil Gajanan Shrikant  Ph.D. student 

Anand Kumar Sharma  Ph.D. student 

Aditya Anand Jamkhindikar Ph.D. student

Asmita Dhansing Pawar  Ph.D. student 

Radhika Khandelwal  Ph.D. student 

Amrutha H C    Ph.D. student  

Sai Uday Kiran P   Ph.D. student

Venu Sankeshi   Research Associate

Shanti Swaroop Srivastava Research Associate

Imran Siddiqi Group

Imran Siddiqi    J C Bose Fellow

Aswan Nalli    Ph.D. student 

A Venkata Pardha Sardhi  Ph.D. student 

Saurabh Pandey   Ph.D. student

Frank Keith Max   Ph.D. student

Survi Mahesh   Ph.D. student

Sivakumar P    Ph.D. student

Ghapure Saee Subhash  Ph.D. student

S Prashanthi    Office Assistant

Puran Singh Sijwali Group

Puran Singh Sijwali   Principal Scientist

S Thanumalayan   Sr Tech Officer 

Nandita T    Ph.D. student 

Renu Sudhakar   Ph.D. student 

Manish Bhattacharjee  Ph.D. student 

Deepak Kumar    Ph.D. student

Zeba Rizvi    Ph.D. student

Srinivas Reddy G   Ph.D. student

Neeradi Dinesh   Research 
 Associate

Gokula Priya G   Research Associate

Divya Das    Project JRF

Navin Adhikari   Project JRF

Shashi Singh Group

Shashi Singh    Chief Scientist

Sadanand D Sontakke Group 

Sadanand D Sontakke  Principal Scientist

Mridula A Srinivas   Project Assistant

Ramesh V Sonti Group

Ramesh V Sonti   Chief Scientist 
 (on lien)

Hitendra Kumar Patel   Sr Scientist 

Raju Madanala   Sr Tech Officer 

B Kranthi    Technical Officer

K Bipin Kumar   Ph.D. student

Rajkanwar Nathawat  Ph.D. student

Vishnu Narayanan M  Ph.D. student 

Kamal Kumar Malukani  Ph.D. student 

Shakuntala E Pillai   Ph.D. student

Neha Rajendra Kachewar  Ph.D. student

Sohini Deb    Ph.D. student

Komal Ashok Awalellu  Ph.D. student

Gokulan C G    Ph.D. student

Roshan M V    Research Associate

Namami Gaur   Project Assistant

Shailaja Kanumuri   Project Assistant
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Ghanshyam Swarup Group

Ghanshyam Swarup  J C Bose Fellow

Akhouri Kishore Raghawan Ph.D. student

Shivranjani C Moharir  Ph.D. student 

Gopalakrishna R   Ph.D. student 

Sayyad Zuber W Quamaruddin Ph.D. student

Swetha Medchalmi   Research Associate

Rajashri Ramaswamy  Project JRF

Raghunand R Tirumalai Group 

Raghunand R Tirumalai  Sr Scientist

Amit Kumar    Technical Assistant

Ravi Prasad Mukku   Ph.D. student

Shrish Tiwari Group

Shrish Tiwari    Principal Scientist 

P Ramesh     Principal Tech Officer 

Deepti Rao    Ph.D. student

Ram Chandra Panigrahi  Project JRF

Tushar Vaidya Group

Tushar Vaidya   Sr Principal Scientist 

Loka Ram Prasad   Ph.D. student 

Pradyumna Swanand 
Paranjape Ph.D. student 

Devi Prasad V   Ph.D. student 

Salunkhe Satyajeet Sunil  Ph.D. student

Karthikeyan Vasudevan Group

Karthikeyan Vasudevan  Sr Principal Scientist 

B Sambasiva Rao   Sr Scientist 

P Anuradha Reddy    Sr Scientist

S Harika    Technical Officer

K Rajya Lakshmi    Technical Officer

Afsar Sogra    Lab Assistant

Snehalatha Vadigi   DST Inspire Faculty

Ashish Jha    Ph.D. student

Siddharth Bhatia   Ph.D. student

Gayathri Sreedharan  Ph.D. student

Ravi Kumar Singh   Ph.D. student

V Radha Group

V Radha    Chief Scientist

Bh Muralikrishna   Principal Tech Officer 

Sandeep Shrivastava  Sr Tech Officer   

Mohammad Jafurulla  Sr Tech Officer   

M Sanjeev Chavan Nayak  Technical Officer

G Vidyasagar   Lab Attendant  

Dhruv Kumar    Ph.D. student

Divya S    Ph.D. student

RamuluCh    Research Associate

Shiju Thomas Michael  Research Associate

Sunil Kumar Verma Group

Sunil Kumar Verma   Principal Scientist 

Palani Murugan Rangasamy Group

Palani Murugan Rangasamy Sr Scientist 

Sanjay Kumar Suman  Technical Assistant

Ashis Kumar Pradhan  Ph.D. student

Ganapathi Kandasamy  Research Associate

Revathi M    Project JRF

Yelam Sreenivasulu Group

Yelam Sreenivasulu   Principal Scientist

V Vijaya Bhaskar   Principal Scientist

V Subbaiah    Principal Tech Officer

Sonal N Jaiswal Group

Sonal N Jaiswal   Ramanujan Fellow

Priyanka Pandey   Project JRF

S&T Resource Group

P Kavin Kennedy    Sr Principal Scientist 

Sandeep Goel   Principal Scientist

Manoj Balyan   Sr Scientist

Suman Siddharth Thakur   Sr Scientist

Prachi Singh     Scientist

V Purushotham   Technical Assistant
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Innovation Cell 

K Rajkumari    Sr Principal Scientist 

N Nagesh    Sr Principal Scientist 

Jomini Liza Stephen   Principal Scientist 

C B Tripura Sundari   Scientist

B Kiran Kumar    Scientist

V Srinivas    Principal Tech Officer 

Y V Subba Lakshmi   Sr Tech Officer 

V Anuradha    Sr Technician 

Hemalatha    Junior Steno

K Srinath    Lab Attendant 

Challa Venkatapathi   Project Assistant

Gaddam Kiranmai   Project JRF

Diagnostics Facility

M B Madhavi    Technical Officer 

M K Kanakavalli   Sr Tech Officer  

O V Padmalatha   Sr Tech Officer 

Karthik Bharadwaj   Principal Clinical 
 Geneticist

Radhika Ramachandran  Project Assistant

V. Jyothi    Project Assistant

CCMB-Atal Incubation Centre 

N Madhusudhana Rao  CEO

Ramjee Pallela   COO

Ritika Marrampalli   Comm. Manager

YSSV Prasad   Job Contract

TECHNICAL GROUPS

RESEARCH FACILITIES

Animal House

M Jerald Mahesh Kumar  Principal Scientist 

Jayashree Chiring Phukon  Scientist 

A Rajasekharan   Principal Tech Officer

Jedy Jose     Sr Tech Officer  

N Sairam    Technical Assistant 

T Sreeramulu   Sr Technician  

V Allaiah    Sr Technician  

S Prashanth    Technician  

B Yadagiri    Lab Assistant 

P Ravi     Lab Assistant 

R Ellesh    Lab Assistant 

M Nageswara Rao   Lab Assistant

R Siddaramappa   Lab Assistant 

K Raju    Lab Attendant  

B Lalaiah    Lab Attendant  

M Rajeshwari   Multitask Staff

Drosophila Facility

V Bharathi    Sr Tech Officer  

K Ramachandra Rao  Technical Officer 

P Sabitha    Lab Attendant 

Imaging Facility

Nandini Rangaraj   Chief Scientist 

C Subbalakshmi   Principal Tech Officer

G Srinivas    Sr Tech Officer 

Harikrishna Adicherla  Sr Tech Officer 

T Avinash Raj   Sr Tech Officer 

Suman Bhandari   Technical Assistant 

Proteomics Facility

V Krishna Kumari   Principal Tech Officer 

C Sivakama Sundari  Principal Tech Officer 

B Raman     Principal Tech Officer

Y Kameshwari   Principal Tech Officer 

Tissue Culture Facility

Ch Varalakshmi   Principal Tech Officer 

V R Sundereswaran   Principal Tech Officer 

Zareena Begum    Principal Tech Officer 
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B V VPardhasaradhi  Sr Tech Officer (3) 

S Easra    Sr Technician 

T Dayakar    Lab Attendant  

Transgenic Knockout Facility

B Jyothi Lakshmi    Sr Tech Officer 

D Partha Sarathi   Sr Tech Officer 

S Purnima Sailasree  Technical Officer

Asha Kumari    Technical Officer

Zebrafish Facility

K Ravinder    Principal Tech Officer

M L ArvindaSwamy   Technical Officer

ACADEMICS

Academic Cell

Manjula Reddy   Coordinator

Puran Singh Sijwali   Coordinator

V Anitha    Office Assistant

SUPPORT FACILITIES

Planning, Monitoring and Evaluation (PME) 

M R Vishnu Priya   Sr Principal Scientist 

B V Ramakrishna    Sr Tech Officer (3) 

M V Subba Rao   Junior Steno 

K Satyanarayana   Lab Assistant 

Gulzar Khan     Lab Attendant 

Business Development, Human Resources & 
Documentation Group 

Archana B Siva   Principal Scientist

R Leela Kumari   Principal Tech Officer

V V Hanumaprasad   Principal Tech Officer 

P Nageshwara Rao   Principal Tech Officer

Divya Singh    Business 
 Development Officer

Surabhi Srivastava   Skill Devep and 
 Research Manager

K Anitha    Technician 

Pallavi M    Project Assistant

Fine Biochemicals 

Y Rama Dasu   Principal Tech Officer 

Kishore Joshi    Sr Tech Officer (3) 

M C Joseph      Lab Assistant

Instrumentation Group 

I Asha Ramesh    Principal Tech Officer 

Lora B Narayana   Principal Tech Officer 

P Vanaja    Principal Tech Officer 

J D Fernandes   Principal Tech Officer

Mahesh Prasad    Sr Tech Officer (3) 

U S T R B Bapi Raju  Sr Tech Officer (3) 

B Venkata Narayana  Sr Tech Officer (3) 

N Ravindra Chakravarthi  Sr Tech Officer  

Sudatt T Tambe   Sr Tech Officer  

Dattatrya N Gurkhel   Sr Tech Officer  

K Sanjeev Kumar    Sr Tech Officer  

A Bala Murugan   Sr Tech Officer  

A Syam Kumar    Sr Tech Officer  

Devender Sundi   Technical Officer

Chetan R Khapekar   Technical Assistant 

D Ramesh     Sr Technician 
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Information Technology (IT) Group 

Geetha Thanu   Sr Scientist 

Sublari Balaraju   Scientist 

Aparna Kumari   Scientist 

Biswajit Roy     Scientist 

P Nagalinga Chary   Sr Tech Officer (3)

P Radhakrishna Murthy   Sr Tech Officer (3) 

K Sambasiva Rao   Sr Tech Officer  

N Siva Rama Prasad   Sr Tech Officer  

A Padmavathi Devi   Sr Tech Officer  

S Mahalingam   Sr Tech Officer 

K Rama Chary   Sr Tech Officer  

Sreekanth Mamidala  Sr Tech Officer 

Y Padmavathi   Sr Steno 

R Koteswara Rao   Sr Technician 

K Gopichand    Sr Technician 

M Srinivasa Rao   Lab Attendant 

Laboratory Technical Services & Horticulture

Y V Rama Rao   Sr Suptd Engineer

Mani Ramana Rao   Sr Steno 

S Krishna     Lab Assistant 

P Gyaneshwar   Lab Assistant 

L Laxman Dora    Lab Assistant 

M A Jaleel    Lab Assistant

B Sanjeeva Rao   Lab Assistant

M M Rajendran   Lab Assistant

Engineering Services

G C Thanu    Sr Suptd Engineer

Ch Bikshamaiah   Sr Suptd Engineer

Ashok Baswa   Sr Suptd Engineer

G Rajendra Prasad    Sr Suptd Engineer

Sheelwantayya   Suptd Engineer

Devidas M Nikhar   Assistant Exe Engg

B Vijaya Kumar    Assistant Exe Engg

K Nagendrababu   Assistant Exe Engg

A Varaprasada Rao   Assistant Exe Engg

V Prabhakar    Sr Technician 

N Rajan    Sr Technician 

K Prabhakara Rao   Sr Technician 

S Sreehari    Sr Technician 

G Ramakrishna Chary  Sr Technician 

M P Premkumar   Sr Technician 

Ch Ravindra Babu   Sr Technician 

K Mohan    Sr Technician 

A Prem Kumar    Sr Technician 

M Tirumala Rao   Sr Technician  

Ananda S Pahurkar   Sr Technician  

L Murali    Sr Technician 

B Venugopal    Sr Technician 

N Sudhakar    Sr Technician 

Suresh Prasad    Sr Technician 

K Venkatramana   Sr Technician 

A J NarsingRao   Sr Technician 

K Shankar     Senior Technician  

D Vinod Kumar    Technician  

L Kumar     Technician 

Anirban Adhikari   Technician 

Mallikanti Srinu   Technician 

G Ramesh     Assistant (G) Gr.I

S Venkata Sastry   Lab Assistant 

P Venkatarama Rao  Lab Assistant 

A V Ramakrishna Reddy   Lab Assistant 

T Venkateswar Rao   Lab Assistant 

M Mazhar Ali    Lab Assistant 

K Sreeram    Lab Assistant 

M Padmanabhan   Lab Assistant 

K Nagabhushanam   Lab Assistant 

B M Nagesh    Lab Assistant

M Anjaneyulu   Lab Assistant 

K Narayana    Lab Assistant 

B Balakrishna Reddy   Lab Assistant 

N Narasinga Rao   Lab Assistant 

K Y Das    Lab Assistant 

Syed Khundmier   Lab Assistant 

C Rosaiah    Lab Assistant 

V Shankar Rao   Lab Assistant 

B Satyanarayana   Lab Assistant 

T Sambasiva Rao   Lab Attendant  

P Srinivas    Lab Attendant 
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ADMINISTRATION & MANAGEMENT

Director's Office  

K Lakshmi Rao   Sr Principal Scientist

Somdatta Karak   Comm. Officer

S Madhuri    Staff Officer

D Lavanya    Sr Tech Officer  

B V N Naveen Kumar   Technical Officer

G Satyanarayana   Lab Assistant

Administration 

J Shankar Rao   Controller of 
 Administration 

P Sudha Rani   Administrative Officer

Noopur Rani Prasad  Hindi Officer 

J Venu    Sr Tech Officer  

Sunil Kumar     SO (G) 

M Ranga Rao   Sr Steno

S Mukhtar Ahmed    Assistant (G) Gr.I

S Kanchanamala   Assistant (G) Gr.I

R Gopal    Assistant (G) Gr.I

Vivek Khare    Assistant (G) Gr.I

Manju Singh     Assistant (G) Gr.I

T Rajani    Assistant (G) Gr.I

Ch Sridevi    Assistant (G) Gr.I

K Pratap    Assistant (G) Gr.II

Abdul Raheem Qureshi  Assistant (G) Gr.III

K Madhavi    Receptionist 

Mahendra    Sr Technician 

B Srinivas    Sr Technician 

K Satyanarayana   Sr Technician 

G Anand    Sr Technician 

Mohd Pasha     Sr Technician 

M Devendra Nath   Sr Technician 

D Ramesh     Sr Technician 

R Nagabhushanam   Sr Technician 

Mahender Vynala   Technician  

B Madhusudhana Reddy   Lab Assistant 

Mohd Gazanfar Ali    Lab Assistant 

K Krishnamacharyulu  Lab Assistant 

Ravindranath  Lab Assistant 

B Venkateswarulu   Lab Assistant

Ch Chandrashekar   Lab Assistant

J Anjaiah    Lab Assistant

M Sharadha    Bearer (Adm) 

C V S Padmaja   Bearer 

Ambe Naveen Kumar   Multitask Staff 

Finance & Accounts  

Ch Vijaya    SO (F&A) 

V V L Prasanna   Assistant (G) Gr.I

K Rama Krishna    Assistant (F&A) Gr.I

Vimala Prakash   Assistant (F&A) Gr.II

K Sujatha    Assistant (F&A) Gr.II

K Ganga Bhavani   Sr Technician 

W Sudhakar    Sr Technician 

M Vishnu Yadav   Technician  

K Venkateswarulu   Lab Assistant

Nagamani A K   Project Assistant

 

Stores & Purchase  

Dharmendra Kumar   Stores & Purchase 
 Officer

B Rajender Kumar    SO (S&P)

Govind Kumar Jha   Assistant (S&P) Gr.I

D V Ramana Murthy   Assistant (S&P) Gr.I

S Aruna    Assistant (S&P) Gr.I

S S Lakshmi    Assistant (S&P) Gr.III

N S Sandeep Kumar  Assistant (S&P) Gr.III

D Balaji Prasad    Sr Technician 

K Manik Rao    Sr Technician 

S Riyasat Ali     Sr Technician 

Maqsood Ali     Junior Steno 

Sharif Abdul Aleem   Lab Assistant 

Mohd Yakub Akheel   Lab Attendant  

Medical Services  

G Sujatha    Medical Officer 

V Venugopal Rao   Medical Officer

T Nagalakshmi   Technical Officer

A Mahesh     Technical Assistant 

U V Sitaramamma   Sr Technician 

M R Ravindra Nath   Sr Technician 

R Palnitkar    Consultant

Ravinder Reddy D   Project Fellow

Security 

C V Tirumala Rao   Sr Security Officer 
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Guest House 

Anil Kumar Sahu   Principal Tech Officer

G Christy Wilson   Sr Technician 

B Sadanandam   Sr Technician  

A Selvam    Sr Technician  

Benedict     Sr Technician 

Mohd Jaffer    Lab Assistant 

S Yadaiah    Lab Attendant 

Canteen 

Vikram Kumar    Technical Officer

M Venkatesan   Sr Technician 

P M Mani Maran   Sr Technician 

K Ramesh Babu   Sr Technician 

B M Narasing Rao   Lab Assistant 

Mohd Athar Ali    Lab Assistant

N Aruna    Lab Assistant

M Tataji    Lab Assistant

R Suresh Kumar    Lab Assistant

Savitri Luhura   Lab Attendant 

K Lakshmi     Bearer (Adm) 
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Regional Centre, Jonaki, BRIT

Regional Centre (RC) Jonaki,Board of Radiation & 

Isotope Technology (BRIT), Department of Atomic 

Energy, located inside the campus of Centre for 

Cellular & Molecular Biology (CCMB) has served 

various national laboratories, universities, industrial 

research centres, and hospitals involved in 

biotechnology, agriculture, life sciences & medical 
32research through production and sale of P labelled 

35nucleotides. S labelled amino acids produced at 

BRIT, Mumbai are also sold from the centre.

In order to augment value addition and sales, the 

centre has ventured into radio pharmaceuticals. 

There is a growing demand for short-lived radio 
99mnuclides like technetium ( Tc;t =6hrs) and gallium 1/2

68( Ga; t =68 min)in diagnostic imaging by1/2

SPECT and PET across nuclear medicine

centres at Hyderabad. Radioactive laboratory

for routine handling, production and quality
99mcontrol of Tc radio pharmaceuticals was set up

and regulatory permission to begin operation

were obtained from AERB with support from

BRIT Headquarter at Vashi, Navi Mumbai. Proposal 

to set up radioactive laboratory for routine
68handling, production and quality control of Ga

radio pharmaceuticals at Jonaki was approved
68 68and regulatory permission to procure Ge- Ga 

generator was obtained from AERB. Supply of
99mready-to-use Tc radio pharmaceuticals to local 

nuclear medicine centres will begin shortly
68from the centre and ready-to-use Ga radio 

pharmaceuticals will be introduced in future.
99mCold kits for labelling with Tc radio nuclide have 

applications in nuclear imaging for diagnosis of 

various diseases. Sale of such kits is on the rise at 

Hyderabad. The cold kits are produced at BRIT, 

Mumbai. These kits are stocked at Jonaki and

sold to nuclear medicine centres at Telangana and 

Andhra Pradesh on demand.

Apart from the radio chemicals, a few molecular 

biology non-radioactive biochemicals such as

Taq DNA polymerase, PCR master mix, nucleic

acid isolation and DNA labelling kits are produced 

and supplied from the centre. Real time PCR 

application for molecular diagnostics is one of the 

research areas of the centre for technology/

product development.

List of products supplied from BRIT 

Regional Centre, Hyderabad

Radioactive Biochemicals
 321. P Nucleotides:

CODE� PRODUCT
32LCP/PLC 101 Adenosine 5'( P) triphosphate

32 [ PATP]
32LCP/PLC 102 Deoxycytidine 5'(α P) triphosphate

32 [ PdCTP]
32LCP/PLC 103 Deoxyadenosine 5'(α P)

32 triphosphate [ PdATP]
32LCP/PLC 104 Deoxyguanosine 5'(α P)

32 triphosphate [ PdGTP]
32LCP/PLC 106� Adenosine 5'(α P) triphosphate

32 [ PATP]�
32LCP/PLC 107� Guanosine 5'(α P) triphosphate

32 [ PGTP]
32LCP/PLC 108  � Uridine 5'(α P) triphosphate

32 [ PUTP]
32LCP/PLC 109� Cytidine 5'(α P) triphosphate 

32 [ PCTP]
32LCP/PLC 1010 Cytidine 3', 5', (5' P) biphosphate

32 [ PPCP]
32LCP/PLC 1011 Guanosine 5'( P) triphosphate

32 [ PGTP]
32LCP 32[ P]-Orthophosphoric Acid

The above products are available in two formulations 

for dry ice and ambient temperature shipments 

fortnightly/monthly.

35
2. S Amino Acids

CODE� PRODUCT
35LCS 1/LCS 2� S Methionine
35LCS 3 S Cysteine
35LCS 6 S Glutathione
35LCS 7 S Methionine-Cysteine mix Eleg mix

LCS 8 Protein in vivo twin label mix

Non-radioactive Biochemicals

CODE� PRODUCT

LCK-1 Nick Translation Kit (20 reactions)

CCMB Annual Report   2017-2018  |  253



LCK-2 Random Primer Labelling Kit 
 (30 reactions)

LCK-3 5’ End Labelling kit (10 reactions)

LCK-16-01 100 mM dNTP set for PCR (1 set of 

 25 µl of dATP, dCTP, dGTP, dTTP each)

LCK-16-02 100 mM dNTP set for PCR (3 set of 

 25 µl of dATP, dCTP, dGTP, dTTP each)

LCK-16-03 100 mM dNTP set for PCR (5 set of 
 25 µl of dATP, dCTP, dGTP, dTTP each)

LCK-16-04 100 mM dNTP set for PCR (10 set of 
 25 µl of dATP, dCTP, dGTP, dTTP each)

LCK 20/21 Genomic DNA Isolation kit
 (50/100 reaction kit)

LCK 22/23 DNA Isolation kit (Plasmid)
 (50/100 reaction kit)

LCK 24/25 DNA Gel Purification kit 
 (50/100 reaction kit)

LCK 26/27 PCR Product Purification kit 
 (50/100 reaction kit)

LCE-101 Taq DNA Polymerase Enzyme 
 (100 to 1000 Units)

LCE-102 Taq DNA Polymerase Enzyme
 (1001 to 4000 Units)

LCE-103 Taq DNA Polymerase Enzyme 
 (4001 to 50000 Units)

LCE 104 Taq DNA Polymerase Enzyme
 (50001- 1 Lac Units)

LCE 105 Bulk packs more than
 1 Lac units on enquiry

PMX 01 PCR Master Mix (100 Reactions)

PMX 02 PCR Master Mix (250 Reactions)

PMX 05 PCR Master Mix (500 Reactions)

PMX 10 PCR Master Mix (1000 Reactions)

PMX 1000 PCR Master Mix bulk quantity 
 (please enquire)

Staff of BRIT, JONAKI (as on 10-11-2018)

1. Smt. Papia Hazra, Officer-in-Charge

2. Dr. B.R. Varma, Manager, Biomol. Desp.

3. Dr. T.K. Sankaranarayanan, Manager, Rad. Products

4. Shri M. Sreenivasulu, SO/E

5.   Shri N. Ambedkar, SO/D

6.    Smt. T. Raja rajeswari, SA/C

7.   Shri S. Srikanth, SA/C    

8.    Shri M.B. Kumbhar, Foreman B

9.    Shri P.B. Morey, Sr. Technician H                               

10.  Shri Jagdish Chandra, Sr. Technician H                        

11.  Shri S. Venkatesh, Technician C

12.  Shri T.K. Sudhir, Sr Clerk                              

13. Shaikh Yakub Ali, Driver GR-I

CCMB Annual Report   2017-2018  |  254



While we were just recovering from the loss of our founder Director, Dr PM Bhargava, the untimely demise of Dr Lalji 
Singh on December 10, 2017 shattered us again. Dr Lalji Singh was the Director of CCMB during 1998 - 2009.

Dr Lalji Singh is well known among biologists, investigative agencies, the judicial system and common people, due to his 
commitment to science and the society. Dr Singh was born on 5 July 1947 in Kalwari village, Jaunpur district, UP.  After  his 
PhD degree from the BHU, Varanasi, he went to the University of Edinburgh, UK on a Commonwealth Fellowship to work 
on his own research problem of sex determination in snakes. He later joined CCMB in 1987 as Senior scientist. 

For the first time, he demonstrated the predominant existence of highly conserved sex chromosome-specific satellite DNA 
(Banded krait minor-satellite or Bkm) in the female banded krait and demonstrated its presence  in all vertebrates. These 
Bkm studies, further resulted in the development of a DNA probe, which led to the establishment of multilocus probe for 
DNA fingerprinting. India was only the third country in the world (after UK and USA), which developed this technology 
indigenously. Dr Singh also took it to the users, provided witnesses in the court, which helped in solving a large number of 
criminal and civil cases. One of Dr Singh’s internationally well-recognized scientific work is studies on the origin and 
affinities of Indian populations, which has been published in high-impact journals, including Nature and Science. 

In 1991, Dr Singh’s DNA fingerprinting evidence was accepted by a Sessions Court of Tellicherry in Kerala, creating 
history in the Indian judiciary. Since then, this technique has been used for providing evidence in solving hundreds of cases, 
including the assassination of the former Prime Minister of India, Shri Rajiv Gandhi; the Tandoor murder case; the 
assassination of the former Chief Minister of Punjab, Beant Singh and the cases of Swami Shraddhananda from Bengaluru 
and Swami Premananda from Pudukottai, Tamil Nadu.

Realizing the need for promoting DNA fingerprinting technology, Dr  Singh founded the Association for Promotion of 
DNA Fingerprinting and Other DNA Technologies (ADNAT) in 1993. He further envisaged, pursued and set up the Centre 
for DNA Fingerprinting and Diagnostics (CDFD) at Hyderabad, which is now an autonomous institute under the 
Department of Biotechnology (DBT), Government of India. He also  established two excellent Centres within CCMB-the 
Laboratory for the Conservation of Endangered Species (LaCONES) and the Clinical Research Facility (CRF).

Some of Dr Singh’s socially relevant contributions include the setting up of DNA and chromosome-based diagnostic 
services in CCMB. These services are of tremendous help to the common people in reducing their agony. Another 
contribution we remember him for is the Universal Primer Technology for animal species identification - very useful in 
wildlife forensics. For the discovery of this technique, Dr Singh and his colleague were honoured with the CSIR 
Technology Award in 2008. In recognition of Dr Lalji Singh’s overall contribution to Science and Technology, Government 
of India honoured him with the civilian award ‘Padma Shri’ in 2004. 

Dr  Singh got the unique opportunity of becoming the 25th Vice-Chancellor (VC) of BHU (August 2011-August 2014), his 
alma mater. After completing his term at BHU, Dr  Singh returned to CCMB and continued his research under Bhatnagar 
Fellowship and J. C. Bose Fellowship.  After the Fellowship term (July 2015), he devoted himself full time to the activities 
of ‘Genome Foundation’, an organization providing DNA diagnostic services at affordable cost.

As if to say goodbye to the city, where he had stayed in various capacities, Dr  Singh spent his final hours in Varanasi on 10 
December 2017, prior to his demise due to massive cardiac arrest. He is survived by his wife, Mrs Amaravati Singh; Sons, 
Abhishek Singh & Praveen Singh, and grandchildren. In his passing away, we have lost an eminent scientist, great 
visionary, an able administrator and an institution-builder. Although he is not with us today, his legacy in the areas of 
biology, forensics, law and wildlife conservation still lives on.

Lalji Singh (1947–2017)
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