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From the Director's desk
The year gone-by has been very eventful in more ways than
one for the institute. The Department of Biotechnology
celebrated 30 years of its progress and we at ILS looked
back and took stock of the institute for its growth,
development and progress over the last one decade of its
existence – personally it has been very gratifying for me to
have been at the helm of affairs during this phase when ILS
grew from a toddler to its teens. Induction of new faculty
on board during the last one year has resulted in increasing
the strength of principal investigators to 25 in the institute
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thus attaining a critical mass. That one third of the ILS
faculty are also Ramalingaswamy fellows and/or DBTWellcome trust Intermediate fellows clearly reflects that
ILS has grown to a high level to attract the best of nonresident Indians into its fold. More significantly, inclusion of
the new faculty has brought further strength and diversity
to ILS. Given the geography of the region Infectious Disease
Biology continued to be a major thrust area for the
institute. The faculty has made significant scientific
contributions as reflected by the quality as well as number
of research publications from ILS over the last 10 years.
There has been a steady increase in intake of PhD students
and the growing number of extra-mural projects has
offered a high level of vibrancy, energy and competitive
spirit to the campus. Expectedly, the student community
and faculty aspirants perceive ILS as an attractive
destination for building their carriers. I often take pride in
pointing out to visitors how one can witness student
activities until very late at night in the laboratories.
Building ILS as an institution during the last ten years has
been a challenge. While I have mixed feelings about my
experience at ILS, one aspect clearly is beyond all dispute –
the passion and commitment of faculty colleagues, students
and staff towards the growth and development of the
institute. I am confident that this single trait alone when
sustained will take the institute very high in the coming
years.
Dr. B. Ravindran

v
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Immunobiology of matazoan diseases
Principal Investigator:

Dr. B. Ravindran

PhD. Students:

Mr. Ratnadeep Mukherjee

SRF

Mr. Pijus Kanti Barman

SRF

Dr. Birendra Kumar Prusty

SRF

Fast Track/Woman Scientist:

Dr. Geetanjali Agnihotri
Dr. A. Raj Kumar Patro

Research/Project Associates:

Dr. Diwakar Kumar Singh

Laboratory Technician:

Miss. Aisurya Roy

Collaborators:

Dr. Rick Maizels, University of Edinburgh, UK
Dr. Achim Hoerauf , IMMIP, Bonn, Germany
Dr. Sylviane, Pied Pasteur Institute, Lille, France
Dr. Satyajit Rath NII, New Delhi
Dr. Vineeta Bal, NII, New Delhi
Dr. Anna George, NII, New Delhi
Dr. Shobhana Sharma, TIFR, Mumbai
Dr. Kanury Venkata Subba Rao, DDRC, THSTI, New Delhi
Dr. Tushar Vaidya, CCMB, Hyderabad
Dr. Bidyut K. Das, SCB Medical College, Cuttack
Dr. Jatashankar Mohapatra, Neelachal Hospital, Bhubaneswar
Dr. P.K. Thatoi, SCB Medical College, Cuttack

Project A: A study on pathogenesis of Endotoxemia and Sepsis
Introduction / Background
Sepsis is a complex clinical syndrome that
happens as a consequence of an uncontrolled
inflammatory response to infection. Despite major
advances in critical care medicine, sepsis remains one of
the major killers in critical care wards around the world.
Initially thought of as a manifestation of
hyperinflammation, it is now widely believed that the
immune response in sepsis is bimodal with an early pro-
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inflammatory phase followed by an overwhelming antiinflammatory phase. This later hypoinflammatory status,
termed as compensatory anti-inflammatory response
syndrome (CARS), is thought to be the major reason for
sepsis-associated mortality by rendering an individual
immunoparalytic and susceptible to nosocomial
infections. However, there is little evidence to support
this model of immune response in sepsis. Secondly
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anhydride in aqueous solution revealed presence of
chito-oligomers with degree of polymerization (DP) up to
12 as shown by MALDI analysis. However the degree of
acetylation (DA) in these fractions were low e.g. D6A5,
D10A8 or D9A8 even after the acetylation. All these
fractions were tested for the ability to inhibit TLR4
induced signaling using HEK Blue-TLR4 assay and found
to be inactive suggesting that the acetyl groups might be
playing a critical role in activity of these oligomers. To
prepare chito-oligomers with low polydispersity, a
hydrolysis protocol of using H 2 O 2 followed by
fractionation using different concentrations of methanol
was followed. The mass profiling of these fractions
suggested that 50% methanol have D8A1 as major
fraction where as 75% have D3A2. Currently acetylation
using acetic anhydride in presence of trimethylamine as
base is being attempted to generate acetylation.

reprogramming inflammatory/anti-inflammatory
monocytes is another area that is globally pursued with a
view to alter the immune response phenotype. Towards
this end we had demonstrated that chitohexose, a
hexasachharhide is capable of altering macrophage
phenotype. We have embarked on synthesis of chitooligosachharhides for large scale preparation to be used
for reprogramming macrophage function. Thirdly one
earlier reported work on interaction between (inducible
Nitric Oxide Synthase) iNOS and Nitric Oxide SynthaseInteracting Protein (NOSIP) were further extended to
demonstrate in a cell free system by SPR using
recombinant proteins.

Work achieved in the current year
Using a combination of multicolour flow
cytometry and statistical modelling, we demonstrated
existence of three phenotypically and functionally
distinct monocyte subsets in human whole blood whose
differential percentages associated with clinical severity
and outcome in patients with sepsis. Moreover, an
endogenous novel modulator of nitric oxide synthesis in
immune cells was identified. This protein, NOSIP was
found to be differentially expressed in human and mouse
immune cells that dictated difference in nitric oxide
production between the two species. A novel mutation
downstream of exon 1 of human NOSIP gene was
identified which was found to be associated with bad
prognosis in patients with sepsis.

2) Interaction between iNOS, NOSIP and regulation of
acute inflammation:
We had earlier reported intracellular interaction
and co-localization between iNOS and NOSIP by confocal
microscopy and proximity ligation assay (PLA). To
further demonstrate such an interaction in a cell free
system recombinant NOSIP with iNOS were scored by
Surface Plasmon Resonance (SPR) biosensor instrument.
pET22b: iNOS and pET22b: NOSIP plasmid were used to
transform competent E. coli and over expressed for
preparation of recombinant proteins. Recombinant iNOS
was immobilized on GLC chip and recombinant NOSIP
protein was applied over the immobilized iNOS solid
phase for interaction studies. Dose dependent binding of
recombinant NOSIP protein (analyte) was observed as
shown in Fig.1A. confirming a strong interaction between
iNOS and NOSIP. Four iNOS derived peptides (designed
based on in silico prediction) were tested for inhibition of
interaction between iNOS and NOSIP purified proteins in
S P R . O n e o f t h e p e p t i d e s h av i n g s e q u e n c e
NQYYGSFKEAKIEEHLAR significantly inhibited the
interaction between iNOS and NOSSIP (Fig. 1B).

1) Synthesis of Chito-oligosaccharides:
In our pursuit to synthesize chitohexose and
higher homologue we use chitosan, a linear
heteropolysaccharide of β-1, 4-linked D-glucosamine.
The glycosidic bond of chitosan was hydrolyzed by
treatment with strong acid yielding chitosan fragments
with low degree of polymerization and low molecular
weight.Chitosan oligomers, prepared by Sodium
perborate treatment, intervals followed by acetylation
using acetic anhydride in aqueous solution were not
bioactive in in vitro in assays of macrophage activation.
Acid treatment of Chitosan and acetylated using acetic
A.

We have begun to examine the possibility of
B.

Fig. 1. Dose dependent binding of NOSIP recombinant protein (analyte) to immobilized iNOS solid phase (ligand). A. Recombinant NOSIP
protein was injected at various concentrations 500nM (red) 250nM, (light blue), 125nM (deep blue) 62nM (green) to 31.25nM (purple)
over ligand from top to bottom. The Ka = 9.58 e + 04, Kd = 5.56 e - 04, KD = 5.8 e - 09M was obtained in Kinetic – Langmuir analysis. B. The
comparative analysis of four iNOS peptides used to inhibit the interaction between recombinant purified iNOS and NOSIP proteins.
125nM NOSIP + 250nM iNOS peptide 3 (blue ), 125nM NOSIP + 250nM iNOS peptide 4 (green ) , 125nM NOSIP + 250nM iNOS peptide 2 (
sky blue ) , 125nM NOSIP + 250nM iNOS peptide 1 (red ), NOSIP recombinant purified protein (pink )
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reprogramming and modulating host immune response
in human sepsis. One of the central dogmas in sepsis
research in humans over the last several years has been
that uncontrolled excessive systemic inflammatory
response leads to organ failure and clinical complications
associated with the disease. For nearly three decades the
approach to develop intervention strategies for
management of Sepsis have been directed towards
developing antagonists of PAMPs to block activation of
innate receptors or to target TLRs themselves. However,
these attempts made to block hyper-inflammation
although appered promising in pre-clinical trials has
been failed consistently in Phase 2 and Phase 3 clinical
trials. This has been attributed to induction of
compensatory host immune responses (CARS) which was
assumed to follow Systemic inflammatory responses
(SIRS) during sepsis and that molecules that block SIRS
were not effective in clinical management of sepsis
possibly due to persistent CARS. These insights have
resulted in the need to critically analyze role of host
inflammatory as well as anti-inflammatory molecules in
human sepsis at any given time point to evaluate interconnectivity between varied responses in the context of
clinical severity. We reasoned that a systems approach
using robust statistical analytical methods could clarify
linkages between host factors (with agonistic and

antagonistic functions) in acquiring insights into
pathogenesis of human sepsis. 27 different plasma
parameters were quantified by Bio-plex analysis. To
understand interactions between different classes of host
immune response and clinical pathology during sepsis,
partial least squares – based structural equation model
(PLS-SEM) was constructed with 27 plasma cytokines
measured in sepsis patient's plasma to correlate with
clinical severity quantified by Apache scores. Structural
equation modeling is a powerful tool that enables
modeling of complex multiple relationships among
studied variables in a simplified path diagram. The results
are shown in Figure 2A. The model revealed that
compensatory anti-inflammatory response (CARS) was
primarily responsible for sepsis-associated clinical
pathology (CARS → Clinical pathology, regression weight
= 0.581, p-value = 0.029) and not SIRS (SIRS → Clinical
pathology, regression weight = -0.027, p-value = 0.031).
Also, among the three cytokines contributing to the latent
variable CARS, IL-4 had the highest factor loading that is
suggestive of its strongest contribution to clinical
pathology. Another interesting observation that emerged
from the model is a significant positive interaction
between the latent variables SIRS (systemic
inflammatory response syndrome) and CARS
(compensatory anti-inflammatory response syndrome;

A.

B.
a.

b.

Fig. 2A. Partial least squares regression – based Structural equation modelling (PLS-SEM) of immune response data in patients with
sepsis. The complex inter-relationships amongst the components of immune response to sepsis in humans were analyzed by structural
equation modeling. Circles represent latent variables and rectangles represent measured variables. Numbers inside the circles denote
R2 values that indicate variance of each factor. The strength of interaction between two latent variables is given by the regression weight.
Numbers associated with measured variables are the factor loadings for each variable which is a reflection of each measured variable's
contribution to the observed variance. B. Model of evolution of immune response during sepsis. (a) Currently accepted view of the septic
response as a bimodal distribution of an initial systemic inflammatory response syndrome (SIRS) followed by compensatory antiinflammatory response syndrome (CARS). (b) Proposed model based on findings from the current study depicting simultaneous
regulation of SIRS and CARS.
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regression weight = 0.609, p-value <0.0001). This
indicated that rather than the currently held view of
bimodal distribution of pro- and anti – inflammatory
response during sepsis, both types of responses are
regulated simultaneously with the anti – inflammatory
activity contributing more significantly towards clinical
pathology. Figure 2 shows a representation of the
currently held concept of evolution of septic cytokine
response (Fig. 2A) versus a proposed model based on the
present study (Fig.2B). These findings suggest that
clinical management of sepsis could be far more
complicated than what has been perceived so far since
intervention strategies need to target both inflammatory
as well as anti-inflammatory pathways.

Project B: Pathogen driven and Sterile
Inflammation and their modulation
Introduction/ Background
Damaged tissues release endogenous molecules
called as Danger Associated Molecular Patterns (DAMPs)
which induce sterile inflammation upon exposure to
immune cells. Although, sterile inflammation is
considered as an independent event of innate immune
activation without the presence of infection, there are
situations where injury and infection co-exist to exhibit
pathophysiology in certain diseases. This study was
undertaken to investigate the nexus between sterile
inflammation and infection, using Acetaminophen
(APAP) -induced liver damage and LPS-mediated
endotoxemia models. It has been proposed that the
localized sterile inflammation caused by endogenous
DAMPs from damaged hepatocytes following APAP
overdose gets amplified by infiltrated gut bacteria. Thus,
overwhelming systemic inflammation along with hepatic
damage causes acute liver failure. We developed an in
vivo model to demonstrate synergy between sterile
inflammation (APAP-induced) and infection (LPS) to
demonstrate that although at low doses these
components induce very low or no inflammation in
isolation, an exaggeration and lethal inflammation is
generated when they are administered together in mice.

Works achieved in the current year
The works initiated last year demonstrated that
non-lethal doses of acetaminophen (APAP) and LPS
induce mortality in mice when administered together. We
further observed that Chitohexaose, a linear
hexasaccharide could protect mice against APAP-induced
mortality. This work was extended to investigate the
probable mechanism of the synergy between APAP and
LPS.
We reasoned that exogenous administration of a
low dose of LPS and non-lethal dose of APAP could lead to
synergistic potentiation of toxicity and disease
progression. This was tested by co-administration of
APAP (200mg/kg b.w.) and LPS (5mg/kg b.w.) in mice. At
this dose neither APAP nor LPS caused mortality of mice
(100% survival) while co-administration of the two
resulted in 100% mortality (Fig.3A). Histological
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evaluation of liver sections showed no significant
potentiation of APAP-induced liver damage by LPS
administration (Fig 3B), which was further reflected in
plasma levels of AST and ALT (data not shown),
suggesting that LPS does not significantly increase
induction of liver necrosis by low doses of APAP.
Mortality of mice co-administered with APAP and
LPS was associated with systemic inflammation as
shown by elevated levels of plasma mediators,
particularly inflammatory cytokines. Analysis by a
multiplex cytokine array revealed that, except IL-6 there
was no significant change in other cytokines in plasma of
mice treated only with APAP, whereas only LPS treatment
significantly increased plasma IL-1β, IL-6 and MCP-1
levels in comparison with vehicle controls at 12hrs posttreatment. Further, co-administration of APAP and LPS
significantly augmented the levels of IL-1β, IL-6, IL-17
and MCP-1 in comparison to treatments only with APAP
or LPS, indicating synergism between APAP-mediated
hepatic injury and LPS-mediated innate immune
activation (Fig. 3C-F).
To test the state of inflammation in the liver due to
the synergistic effect of APAP and LPS, liver mRNA
expression of inflammatory cytokine IL-1β was
quantified at 12 hours post-treatment. There was no
significant increase in Pro-IL-1β transcripts in livers of
mice individually treated with APAP or LPS, while coadministration of APAP and LPS resulted in log order
increase in message for the cytokine (Fig.3G).
Interaction of HMGB1-RAGE, ATP-P2X7 and/or
microbial DNA-AIM2 has been well documented to
activate NLRP3 inflammasome complex following tissue
damage or infection, leading to production of active IL-1β
and IL-18 by proteolytic cleavage mediated by cleaved
caspase-1. Thus, activation of inflammasome complex
and proteolytic cleavage of pro-caspase-1 is a critical
event in maintaining the inflammatory cascade, as it
forms a bridge between TLR-signalling and sterile
inflammation. We tested our hypothesis that the
exaggerated inflammation and mortality observed in our
synergistic model may be due to activation of
inflammasome pathway. Non-lethal doses of APAP and
LPS were unable to activate the inflammasome pathway
as determined by absence of cleaved caspase-1 in liver
extracts, while co-administration of mice with APAP and
LPS revealed marked increase in cleaved caspase-1,
demonstrating synergistic activation of inflammasome
pathway by APAP and LPS (Fig. 3H).
Our demonstration of mortality and excessive
inflammation by co-administration of non-lethal dose of
APAP and low-dose of LPS (either of them in isolation was
insufficient to mediate toxcity/mortality) validates our
hypothesis of synergy between injury and infection
observed in sepsis. Further, significantly higher levels of
IL-1β transcripts and active caspase-1in liver of
APAP+LPS co-treated mice suggested a critical
association of inflammasome pathway in this synergy. It
also suggests that blockade of inflammasome pathway
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Fig. 3. APAP and LPS mutually induce mortality and inflammation in mice. (A) Kaplan-Meier plot showing survival/mortality of mice,
treated with APAP (200mg/kg b.w.) alone, LPS (5mg/kg b.w.) alone or APAP (200mg/kg b.w.) and LPS (5mg/kg b.w.) together (APAP:
n=6, LPS: n=10, APAP+LPS: n=10). (B) H&E staining of liver biopsy from mice 12hrs after treatment with PBS, APAP, LPS and APAP+LPS
showing comparable liver necrosis between APAP and APAP+LPS treatment groups. (C-F) Mice were treated with PBS, LPS, APAP or
APAP+LPS and at 12hrs post-treatment plasma cytokines were measured by multiplex bioassay. Plasma IL-1β, TNF-α, IL-6 and MCP1
were upregulated only in mice treated with both APAP and LPS but not with APAP or LPS alone at 12hrs post-treatment (PBS: n=7, LPS:
n=9, APAP: n=9, APAP+LPS: n=11.

alone, could lead to protection in situations where injury
and infections together cause pathology such as in sepsis.

Project C: Immunomodulation in murine
malaria and co-infection with Salmonella
typhimurium
Introduction / background
We had reported earlier that acute malaria
renders mice to increased susceptibility to LPS and other
TLR ligands as well as to challenge with Salmonella
typhimurium (Stm). Macrophages of malaria infected
mice produce more inflammatory cytokines on
stimulation with TLR ligands. We also reported that mice
after recovery from Plasmodium chabaudi (Pc) infection
are tolerant to challenge with LPS and to Salmonella
typhimurium as shown by decreased bacterial load in
spleen and liver of chronic malaria infected mice after
Stm challenge. To gain insights into the mechanism of
resistance to Stm in mice with chronic malaria, we
evaluated phagocytosis and induction of autophagy by
peritoneal macrophages of mice. We also scored immune
responsiveness of chronically malaria infected mice
when challenged with Stm by quantifying plasma
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cytokine levels. Susceptibility of chronically malaria
infected mice to polymicrobial sepsis by Caecal ligation
and puncture was also studied.

Specific Aims
• To study in vivo phagocytosis by peritoneal
macrophages in chronic malaria infected mice.
• To study the response of chronic malaria to
polymicrobial sepsis.
• To assess the host cytokine responses in mice
chronic malaria infected mice to Salmonella
typhimurium challenge.

Work achieved in the current year
P. chabaudi was used as an experimental model to
simulate human asymptomatic malarial carriers since
infected mice recover spontaneously by 14-18 days after
a phase of parasitemia, anemia and pyrexia and they
sustain chronic low grade infections for several weeks
(demonstrable with PCR and other sensitive assays). Mice
with chronic malaria, were challenged with Stm by
intraperitoneal and intravenous routes. Results revealed
increased clearance of bacteria and decreased mortality
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C) Cytokines levels

Fig. 4. Principal component analysis and VIP scores of circulating cytokines in acute malaria chronic malaria and control mouse on
stimulation with S. typhimurium: Control, Acute malaria (Ac-Pc)and chronic malaria (Chr- Pc) infected mice were challenged with 106
S.typhimurium (Stm) intraperitoneally. Two hrs post challenge the circulating cytokines were analysed by Luminex assy using 32plex
cytokine and chemokine array (Milliplex, Millipore). (A) The Principal component analysis revealed three different clusters based on the
group of animals. (B) VIP score revealing the 15 most important cytokines differeing among the three groups. (C) Cytokines levels in
control, acute and chronic malaria infected mice.

of mice with chronic malaria compared to controls. To
gain insights into the mechanism for this reistance, we
quantitated the plasma cytokines by multiplex analysis
after Stm challenge in controls and mice infected with Pc
(acute and chronic infection). Principal component
analysis (Fig.4A) and VIP scores (Fig.4B) revealed that
IL1β, TNFα, IFN-γ and MIP1α are significantly elevated
(Fig.4C) in acute malaria when compared with controls
and chronic malaria, the levels were comparable in
controls and chronic malaria. On the other hand G-CSF,
IL12(P70), KC and MIP1α were significantly different
between controls and chronic malaria infected mice
(Fig.4C and 4D).
To address if phagocytosis by macrophages is altered in
chronic malaria, we injected GFP-E.coli intraperitoneally
into the control and chronic malaria infected mice. After
40 minutes, the peritoneal cells were harvested and
expression of GFP label in macrophages and Nutrophills
were evaluated by flow cytometry. There was a significant
decrease in phagocytosis by F4/80+ macrophages and
Ly6G+ nutrophills in chronic malaria infected mice when
compared to controls (Fig.5A). We interpreted these
results to suggest that chronic malaria significantly
decreases phagocytic functions and consequently when
mice were challenged with Stm significantly decreased
bacteria get into cells for their survival and growth since
phagocytosis and entry into intracellular milieu is
essential for Stm growth in vivo. The observed resistance
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A.

B.

Fig. 5. Decreased Phagocytosis and autophagy in peritoneal
macrophages with bacterial challenge in vivo in chronic malaria:
(A) Control as well as chronic malaria infected mice were
challenged with GFP_E.coli intraperitoneally. Forty minutes after
challenge the peritoneal macrophages (based on F4/80+) and
Nutrophills (Ly6G+) were scored for expression of GFP as
indicator of phagocytosis of bacteria. (B) Moreover upon
stimulation for Salmonella for 3hrs the expressison of LC-3 in
peritoneal cells were compared by Western blot analysis of
Expression of LC-3 in peritoneal cells after Salmonella
typhimurium challenge.
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to Stm in chronic malaria infected mice could thus be a
consequence of defective phagocytosis of bacteria.
We next addressed induction of autophagy in
macrophages of mice with chronic malaria by challenging
with Stm- 4 hours later the peritoneal cells were
harvested and and the cell lysates were analysed for
expression of LC-3, a marker for detecting autophagy by
western blot (Fig.5B). Decreased cleaved LC-3 in
chronically malaria infected mice on Stm challenge
suggested decreased Salmonella induced autophagy
when compared to controls. Defects in induction of
autophagy by macrophages of mice with chronic malaria
appears to offer “resistance” to Stm since induction of
autophagy has been demonstrated to be favorable for
intracellualr growth of Stm in macrophages.
We addressed the issue of observed resistance to
Stm in chronic malaria for other microbes as well by
conducting Caecal liagtion and puncture (CLP) to induce
polymicrobial sepsis. 50% (11/21) of the chronic malaria
infected mice survived CLP in comparison to 19%
survival of control mice (4/21)(Fig. 6.)
Asymptomatic malaria (subjects with circulating
parasites without apparent clinical symptoms) is
observed in 30-35% of the endemic population. Host
immunological factors that contribute to the absence of
clinical symptoms (with active circulating parasitaemia)
is an area of intense investigation as development of antidisease vaccines morbidity in the absence of effective
anti-parasite immunity. Mice with chronic malaria that
have been used in this study are analogous to the parasite
carriers responsible for transmission. We proposed that
decreased susceptibility to secondary assault with
bacteria/ bacterial products during chronic murine
malaria may be offering survival advantage by decreasing
mortality to other pathogens. Studying asymptomatic

Fig 6. Chronic malaria infected mice are more resistant to
polymicrobial sepsis in induced by caecal ligation and puncture
(CLP). Control and chronic malaria infected mice were subjected
to Caecal ligation and puncture (50% Ligation) and followed for
mortality due to poly microbial sepsis. Data are presented as % of
survival post CLP and the analysis was done by Kaplan-Mayer
survival analysis.
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carriers in malaria endemic areas in the context of their
level of tolerance to LPS, phagocytosis and autophagy of
neutrophils and macrophage, could offer insight into not
only pathogenesis but also evolutionary aspects of
asymptomatic malaria in human.

Future Plan
•

The level of tolerance to LPS and macrophage
response in asymptomatic malaria carriers in
malaria holoendemic population.

•

The possible mechanism of development of
resistance to polymicrobial sepsis in chronic
malaria infected mice will be addressed next year.

Publications
Original peer-reviewed research articles
•

Barman PK, Mukherjee R, Prusty BK, Suklabaidya
S, Senapati S, Ravindran.B Chitohexaose protects
against acetaminophen-induced hepatotoxicity in
mice. Cell Death & Disease. 2016, 12;7: e2224

•

Panda AK, Das BK, Panda A, Tripathy R, Pattnaik
SS, Mahto H, Pied S, Pathak S, Sharma S,
Ravindran B. Heterozygous mutants of TIRAP
(S180L) polymorphism protect adult patients
with Plasmodium falciparum infection against
severe disease and mortality. Infection Genetics
Evolution, 2016,7. pii: S1567-1348(16)30181-2

•

Jain N, Khullar B, Oswal N, Banoth B, Joshi P,
Ravindran B, Panda S, Basak S, George A, Rath S,
Bal V, Sopory S. TLR-mediated albuminuria needs
TNFα-mediated co-operativity between TLRs
present in hematopoietic tissues and CD80
present on non-hematopoietic tissues. Disease
M o d el s a n d M e ch a n i s m s . 2 0 1 6 , 2 8 . p i i :
dmm.023440

•

Herbert F, Tchitchek N, Bansal D, Jacques J, Pathak
S, Bécavin C, Fesel C, Dalko E, Cazenave PA, Preda
C, Ravindran B, Sharma S, Das B, Pied S. Evidence
of IL-17, IP-10, and IL-10 involvement in multipleorgan dysfunction and IL-17 pathway in acute
renal failure associated to Plasmodium falciparum
malaria. Journal Translational Medicine
2015,24;13:369

•

Mukherjee R, Kanti Barman P, Kumar Thatoi P,
Tripathy R, Kumar Das B, Ravindran B. NonClassical monocytes display inflammatory
features: Validation in Sepsis and Systemic Lupus
Erythematous. Science Reports. 2015, 11; 5:
13886

•

Dalko E, Das B, Herbert F, Fesel C, Pathak S,
Tripathy R, Cazenave PA, Ravindran B, Sharma S,
Pied S. Multifaceted Role of Heme during Severe
Plasmodium falciparum Infections in India.
Infection and Immunity. 2015,83(10):3793-9

Review articles
•

Ravindran B. New pathogen discovery, Current
Science, 2016, 110 549-551
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Antibiotic Resistance, Biofilm and Bacterial Pathogenesis
Principal Investigator:
PhD students:

Dr. Durg V Singh
Ms. Tilothama Bhotra

SRF

Ms. Sasmita Panda

SRF

Ms. Moon Moon Das

SRF

Ms. Smrutiti Jena

SRF

Mr. Amol Kanampalliwar

JRF

Ms. Shifu Agarwal

JRF

Fast Track Scientist:

Dr. Jawed Alam

Laboratory Attendant:

Mr. Satyajit Behera

Collaborators:

Prof. Rita R Colwell, University of Maryland at College Park, Maryland,USA
Dr. Shavitri Sharma, L.V. Prasad Eye Institute, Hyderabad

Project A: Genetic characterization of integrative and conjugative element carried by Vibrio
alginolyticus isolated from corals encodes nitric oxide transcriptional regulator and lactate utilization
system
Introduction and Background
Integrating conjugative elements (ICEs)
represent a type of self-transmissible mobile genetic
element that encodes resistance to multiple antibiotics. It
can transfer via conjugation, like a conjugative plasmid,
and integrate site-specifically and replicate with the host
chromosome, as do many temperate bacteriophages.
ICEs possess integrase (int), recombination
directionality factor (Xis), and a repressor (setR) that
handle integration, excision, and regulation. The first
complete genome of the SXT/R391 family of ICEs was
reported from Vibrio cholerae O139 and Providencia
rettgeri. Several other bacteria including V. cholerae nonO1 and non-O139, Vibrio alginolyticus, Vibrio
parahaemolyticus, and Proteus mirabilis have been
reported to carry ICEs.

Specific Aims:
•

To characterize a novel ICE, designated
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ICEValInd1 that encodes a nitric oxide
transcription regulator, alkylphosphonate
utilization operon, 4-carboxymuconolactone
decorboxylase, lactate utilization system, ATP
dependent protease, and transposons.

Work achieved in the current year:
Genetic characterization of ICEValInd1: To assess
relationships between the ICEValInd1 genome and the
SXTMO10, R391, ICEVchMex1, and ICEValSpa1 genomes, the
whole genome sequence of ICEValInd1 was compared
with the annotated region of ICE, using the Bionumeric
software package (Fig.1). Several components of
ICEValInd1 that comprise part of the functional core of
ICE were found to be more closely related to R391 and
ICEVchMex1 than to SXTMO10. For example, the predicted
sequences of ICEValInd1 Int, Xis, and TraI proteins shared
99%, 100%, and 93% identity, respectively with the Int,
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Fig. 1. Schematic presentation of data for the ICEs obtained with ICEValInd1, SXTMO10, R391, ICEVchMex1, and ICEValSpa1. Genes
originally described for SXT (GenBank accession number AY055428), R391 (accession number AY090559), ICEVchMex1 (accession
number GQ463143) and ICEValSpa1 (accession number HE646882) are included here for comparison

Xis, and TraI proteins of R391 (Fig. 2A). R391 also
contains a cluster of genes of unknown function, located
between attL and xis, that is not found in SXTMO10, but is
present in ICEValInd1. This observation is similar to that
reported for ICEVchMex1. In contrast, sequences of the
ICEValInd1 exclusion determinant, eexS, is 97% identical
to eexS from SXTMO10, indicating ICEValInd1 is closely
related to the SXTMO10 exclusion group.
Insertion of antibiotic resistance genes was not
observed in ICEValInd1at sites where SXT-related ICE
insertions have been reported. SXTMO10, SXTET, and SXTLaos
carry antibiotic resistance determinants in a composite
transposon-like structure, disrupting rumB. However, the
rum operon in ICEValInd1 is intact, suggesting insertion
of antibiotic resistance genes in rumB has not occurred
(Fig.2A). This finding is similar to that for R391,
ICEVchMex1, and for ICEValSpa1, in which the rum
operon was intact.
The R391 mer operon, between traG and eex, was
not observed in ICEVaIInd1. The R391 kanamycin
resistance gene is carried by a transposon inserted
between s026 and S027 (Fig. 2B), but those sequences
were absent in ICEValInd1. In fact, the entire region, from
s026 to s040, is not present in ICEValInd1 and, instead, is
replaced by a cluster of three transposons (Fig. 2B).
Transposase 1 and transposase 2 belong to the IS630
family of insertion sequence elements and transposase 3
is similar to sequences in V. fulinficus (93%), V.
parahaemolyticus plasmid pVP1 (93%), and V. harveyi
plasmid pVH1 (96%), respectively. Unlike SXTMO10 and
R391, the core region appears to be shorter than
expected, therefore providing evidence confirming an
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earlier report showing gene clusters from s027 to s040
are not essential for mobility or maintenance.
The DNA sequences of SXTMO10, R391, ICEVchMex1,
ICEValSpa1, and ICEValInd1 revealed four "hot spots",
s043 to traL, traA to s054, traN to s063, and s073 to traF,
respectively (Fig. 2 C-F). These regions provide sites for
insertion of additional DNA sequences within intergenic
regions. The sequences in these four areas of ICEValInd1
are different from those found in SXTMO10, R391,
ICEVchMex1, and ICEValSpa1. In ICEValInd1, the
intergenic region between s043 to traL is shorter than
R391 and ICEValSpa1, but different from ICEVchMex1
(Fig 2C). Similarly, sequences between traA to s054
ICEValInd1 contain only two ORFs (s045 and s046) and
are shorter than those in R391 and ICEVchMex1, but
entirely different from ICEValSpa1, which contains mosA,
tnpA, and mosT (Fig. 2D). However, the DNA region
between traN and s063 is identical to R391 and
ICEValSpa1 (Fig. 2E). The intergenic region between s073
and traF contains 11 entirely different ORFs from SXTMO10,
R391, ICEVchMex1, and ICEValSpa1 and contain genes
e n c o d i n g fo r n i t r i c ox i d e c o r re s p o n d i n g to
transcriptional regulator, alkyl phosphonate utilization
operon, 4-carboxymuconolactone decarboxylase, lactate
utilization system, ATP-dependent protease, and
transposes (Fig. 2F). This is a novel finding with respect to
ICEs reported to date. This ICE is unique in its novel
insertion at “hotspot3”, illustrating remarkable plasticity
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Fig. 2. Schematic presentation of data for variable regions: (A) variable region 1 (VR1), and hotspots; (B) hotspot 5 (HS5); (C) hotspot1
(HS1); (D) hotspt3 (HS3); and (E) hotspot4 (HS4) for ICEValInd1, and SXTMO10, (F)R391, ICEVchMex1, and ICEValSpa1, respectively.

of the ICE genome. A significant difference in the genomes
of ICEValInd1 and SXTMO10, R391, ICEVchMex1 and
ICEValSpa1 was found, notably insertion of nitric oxide
regulator, lactate utilization, and metabolism related
genes, suggesting this ICE has evolved independently
within its environmental niche, with the host range of this
element much broader than reported to date.

Future Plan
•

Functional analyses of ICEValInd1present in V.
alginolyticus.

Project B: Multidrug-resistant Staphylococcus
haemolyticus isolates from infected eye and
healthy conjunctiva
Introduction/Background
Staphylococcus haemolyticus is upcoming and
progressively emerging threat in the world of infectious
agents regarding carriage of staphylococcal cassette
chromosome (SCC) elements and various antibiotic
resistance genes (ARGs). S. haemolyticus is primarily
known to be associated with infections in immunecompromised patients and cause catheter-associated
infections. Ocular infections caused by this organism are
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also reported. The presence of insertion sequences (ISs)
in this organism allows the addition and deletion of genes
a r e t h e r e b y e n c o u ra g i n g f r e q u e n t g e n o m i c
rearrangements. This event enables the organism to
acquire drug resistance genes leading to better
adaptation and ability to survive in the hospital
environment.

Specific Aims
•

To examine and compare S. haemolyticus isolates
from infected eyes admitted to LV Prasad Eye
Hospital, Bhubaneswar, India, and from healthy
conjunctiva for the presence of antibiotic
resistance genes and the SCCmec element.

•

To determine genetic relatedness among them
and with sources of isolation using PFGE.

Work achieved in the current year
Antibiotic susceptibility pattern and detection of
mecA/mecC gene: All isolates of S. haemolyticus were
resistant to at least one of the antibiotics tested and none
to the vancomycin and rifampicin. Fifteen of the 18
isolates were multidrug-resistant and showed resistance
to three or more classes of antibiotics. Ten of the 18
isolates (six isolates from the infected eye and four from
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healthy conjunctiva) were methicillin resistant, and all of
them possess the mecA gene (Fig. 1). None of them
carried mecC, the novel mecA variant. Antibiotic
resistance pattern exhibited by isolates from the infected
eye (IE) and healthy conjunctiva (HC) is shown in Fig. 2.
Antibiotic resistance genes and mutation analysis of
gyrase and topoisomerase genes: PCR results showed
the presence of antibiotic resistance genes and mutation
in gyrase and topoisomerase genes among S.
haemolyticus. The frequency of point mutations in gyrA
and topoisomerase IVA genes responsible for
fluoroquinolone resistance was comparable among both
the groups. Sequence analysis revealed point mutations
in gyrA (Ser-84-Leu) and topoisomerase IVA genes (Ser80-Leu) but not in gyrB and topoisomerase IVB genes
among 13 isolates. There was a good correlation between
a mutation in gyrase and topoisomerase genes and level
of resistance against moxifloxacin and gatifloxacin.
However, two strains, one from each group, showing the

further high level of resistance against moxifloxacin and
gatifloxacin, in addition to ofloxacin and ciprofloxacin
was seen to possess an additional mutation in QRDR
region of topoisomerase IVA gene (Asp-84-Asn). To our
knowledge, this mutation was not reported previously
among S. haemolyticus.
SCCmec typing: Among ten mecA positive isolates, eight
isolates carried type V of SCCmec (Fig.1). The remaining
two MRSHae isolates showing the low level of oxacillin
resistance (1.0-1.5 mg/L) were untypeable by the
method employed. One of them isolated from healthy
conjunctiva carried the class A mec complex, but no ccr
complex and the other one isolated from the infected eye
was devoid of any of the complex. However, two
methicillin-susceptible strains, both isolated from
infected eyes, lacking mecA gene were found to carry the
ccrC1 type of ccr complex. The presence of such elements
among MSSHae has also been reported previously. One of
the MRSHae from healthy conjunctiva carried the classA

Fig. 1. Agarose gel electrophoresis of multiplex PCR employed for A) ccr complex typing, B). mec complex typing of S. haemolyticus
isolates. Lane M, 100bp ladder (NEB); Lane 1, S. aureus ATCC 43300; Lane 2, S. aureus Mu50; Lane 3, S. epidermidis ATCC 12228; Lane 4, S.
saprophyticus ATCC15305; Lane 5, 86; Lane 6, 119; Lane 7, 263; Lane 8, 314; Lane 9, 423; Lane 10, 747; Lane 11, 1471; Lane 12, 1574;
Lane 13, 1752; Lane 14, 1755; Lane 15, 1965; Lane 16, N28; Lane 17, N36; Lane18, N57; Lane 19, N65; Lane 20, N66; Lane 21, N71; Lane
22, N75.

Fig. 2. PFGE analysis of SmaI digested profiles obtained from genomic DNA, SCCmec typing and antibiogram of S. haemolyticus isolates
from infected eye and healthy conjunctiva using Bionumerics software, version 7.1 (Applied Maths, Belgium). Dendrogram was
generated using the Dice index and the un-weighted-pair group method with arithmetic average (UPGMA) with 1% position tolerance of
the SmaI restriction patterns of genomic DNA of S. haemolyticus isolates. Abbreviations: CI- ciproflxacin, CL- clindamycin, OF- ofloxacin,
OX- oxacillin, AM- ampicillin, GA- gatifloxacin, EM- erythromycin, TC- tetracycline, TR- trimethoprim, MX- moxifloxacin, CMchloramphenicol, GM- gentamycin.
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mec complex but lacked any of the ccr complexes. Such
SCCmec elements are lacking ccr complexes known as
ψSCCmec, are reportedly found in JCSC1435. Recently,
characterization of a mec complex containing mecA but
lacking ccr genes in an S. haemolyticus clinical isolate was
reported. This complex carrying mecA was bracketed by
two copies of IS431, suggesting that this element can
move and form a composite transposon. These findings,
therefore, suggest that healthy conjunctiva along with
skin may act as a reservoir and can play a major role in the
emergence of new SCC elements.
Pulsed-field gel electrophoresis: The molecular size of
PFGE restriction fragment obtained with S. haemolyticus
isolates ranged from 35kb to 1000kb and number of
fragments generated using SmaI ranged from nine to
thirteen, producing seventeen pulsotypes. The
dendrogram generated using the Dice index and the unweighted pair group method with arithmetic average
(UPGMA) with 1% position tolerance separated eighteen
isolates into two major clusters A and B (Fig. 2). Of the two
groups, cluster-A represent strains mostly belong to
infected eye and cluster-B represent isolates from
healthy conjunctiva respectively. However, one isolate
each from each group falls into either of the two clusters
respectively. Two isolates from infected eye although subtyped as 3a and 3b belonged to pulsotype 3 that showed
more than 80% similarity.
This study thus showed that majority of
multidrug-resistant S. haemolyticus isolates possessed
the mecA gene, other ARGs and contained type V of
SCCmec element. The presence of multidrug-resistant
genes among S. haemolyticus isolated from healthy
conjunctiva suggests that this organism has a role to play
as carrier and transmission of various ARGs. The
presence of non-mec SCC elements in MSSHae in two
isolates and untypeable SCC elements in MRSHae
suggests the involvement of S. haemolyticus in the
diversification of SCC elements. PFGE profiles indicate
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the existence of diversity among them, irrespective of the
source of isolation.

Future Plan
•

We plan to examine the capability of biofilm
formation and to determine the nature and
composition of biofilms among ocular isolates of
S. haemolyticus. We also plan to look for the
prevalence of genetic determinants associated
with biofilm and the presence of ARGs in eDNA
that could facilitate HGT.

Publications
Original peer-reviewed research articles
•

Mohapatra SS, Mantri CK, Bhotra Tilothama,
Singh DV. Characteristics of Vibrio cholerae O1
isolated from water of the River Ganga, Varanasi,
India. Indian Journal of Medical Microbiology
2015, 33: 507-515.

•

Soni D, Singh DV, Dubey SK. PregnancyAssociated listeriosis: virulence and genotypic
analysis of Listeria monocytogenes from clinical
samples. Journal of Microbiology 2015, 53: 65360.

•

Panda Sasmita, Singh DV. Whole genome
sequences of Staphylococcus haemolyticus
isolated from infected eye and healthy
conjunctiva in Bhubaneswar, India. Genome
Announcement, 2016, 4(2): e00099-16.

•

Bhotra Tilothama, Singh DV. Whole genome
sequence of Vibrio alginolyticus isolated from the
mucus of the Coral Fungia danai in the Andaman
Sea, India. Genome Announcement 2016, 4(3):
e00339-16.

•

Panda Sasmita, Kar Sarita, Sharma Savitri, Singh
DV. Multidrug-resistant Staphylococcus
haemolyticus isolates from infected eye and
healthy conjunctiva. Journal of Global Antibiotic
Resistance 2016, in press.

15

ANNUAL REPORT - 2015-16
T cell AICD modulation and immune response
Principal Investigator:

Dr. Satish Devadas

PhD. Students:

Mr. Gajendra M Jogdand

SRF

Miss. Subhasmita Mohanty

SRF

Mr. Ravichandra Tagirasa

SRF

Laboratory Technician:

Mr. Prakash Kumar Barik

Project A: i[Ca2+] flux down-regulates IFN-g and Granzyme-B through IL-10 in cytotoxic T cells.
Introduction / Background
Cytotoxic T cells gradually lose their ability to
clear viral pathogens during chronic infections as their
cytotoxic abilities are impaired. However how and why
their cytotoxic abilities are disabled is not completely
understood. Here we show that reduction of i[Ca2+] flux
during acute activation produce IL-10, a potent antiinflammatory cytokine leading to reduction of granzymeB expression and IFN-g production that can be co-related
to reduced i[Ca2+] and impaired cytotoxicity during
chronic activation. Our data suggest the regulatory role of
i[Ca2+] flux and IL-10 in IFN-g and granzyme-B
production in chronically activated CD8+ T cells.

Specific Aims
• Comparison of intracellular Ca+2 in-flux in invitro acute and chronic CD8+ T cell activation.

Work achieved in the current year
We developed an in-vitro chronic T cell activation
model where differentiated Tc1 cells were activated with
plate bound anti-CD3 and anti-CD28 continuously for 15
days. We found that after 15days of activation Tc1 cells
were exhausted as their proliferative potential was
reduced; PD-1 expression was higher whereas
cytotoxicity including IFN-g production and Gr-B
expression was impaired (data not shown). The antiinflammatory cytokine IL-10 production was higher and
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most importantly the i[Ca2+] was lower as compared to
acute Tc1 activation. Therefore to establish the
regulatory role of calcium we modulated intracellular
calcium concentration by using different plasma
membrane and intracellular calcium channel inhibitors
like Bepridil hydrochloride (non-selective calcium
channel inhibitor), Amlodipine Besylate (ryanodine
receptor inhibitor), BTP2 (CRAC channel inhibitor),
Thapsigargin (SERCA pump inhibitor) during acute Tc1
activation. EDTA is used as a negative control that
chelates out extracellular calcium. In case of in-vitro
acute T cell activation intracellular calcium in-flux is
reduced significantly with plasma membrane calcium
channel inhibition as compared to their intracellular
counterparts (Fig-1A). The reduction of i[Ca2+] by plasma
membrane calcium channel inhibitors lead to increased
anti-inflammatory cytokine IL-10 production, decreased
IFN-g production and reduced Gr-B expression during
acute Tc1 activation (Fig-1B). However though IFN-g
production was decreased there was no significant
change in its signature transcription factor T-bet
expression. Whereas translocation of NFAT1 a calcium
dependent transcription factor for IFN-g production was
impaired (data not shown).
When we compared the i[Ca2+ ] between acute and
chronic activation we found that in chronically activated
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A.
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Fig. 1. Murine primary CD8+ T cell was loaded with 3um of calcium binding dye Fluo-4 AM. After 45 min of incubation and subsequent
washing to remove unbinding dye, cells were stimulated with 1ug/ml ionomycin (positive control), 0.5mM EDTA (negative control),
PMA-ionomycin, 10um Thapsigargin, Thapsigargin/PMA/ION,5um Bep,2.5um amlo,100nm BTP2 and read in BD LSR-FORTESSA for 30
minutes. A- Intracellular calcium influx reduced significantly with plasma membrane calcium channel inhibitor as compared to their
intracellular counterparts. B- IFN-g secretion is decreased by inhibition of plasma membrane calcium channel co-related to its reduction
during chronic activation of TC1.
A.

B.

Fig. 2. Murine primary CD8+ T cell was loaded with 3um of calcium binding dye Fluo-4 AM. After 45 min of incubation and subsequent washing
to remove unbinding dye, cells were stimulated with 1ug/ml ionomycin (positive control) and 50ng/ml PMA, 0.5mM EDTA (negative control)
and read in BD LSR-FORTESSA for 30 minutes. A- Reduced intracellular calcium influx by activation with PMA/Ion itself. B- IL-10 production
is increased by inhibition of plasma membrane calcium channel which is co-related to its production during chronic activation.
A.

B.

Fig. 3. Murine IL-10 KO CD8+ T cells upon acute activation and chronic activation were stimulated with 50ng/ml PMA and 1ug/ml
ionomycin followed by incubation for 8hr.A- During chronic activation T-bet and IFN-g production was increased as compared to acute
activation unlike wild type. B- Gr-B expression is reduced during chronic activation in wild type mice which is reversed in IL-10 KO mice.
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CD8+ T cells intracellular calcium influx is very low with
PMA/Ion activation itself (Fig-2A) . This is comparable to
i[Ca2+ ] flux upon inhibition of plasma membrane calcium
channel during acute activation. The pro-inflammatory
cytokine IFN-g secretion is also reduced by 50% in
chronically activated Tc1 cells when compared with that
of acute activation. Most importantly in chronic T cell
activation as the pro-inflammatory cytokine IFN-g
secretion is going down, the anti-inflammatory cytokine
IL-10 secretion is increasing which can explain
suppression of immune response in chronic viral
infection (Fig-2B). The cytotoxic molecule Gr-B
expression was also reduced during chronic activation
and most significantly the signature transcription factor
T-bet expression is reduced along with impaired
translocation of NFAT1 that indicates a phenotype change
of Tc1 into T suppressive type during chronic activation.
When we compared the same signaling events in
IL-10 KO mice during acute and chronic Tc1 cell
activation, We found that the pro-inflammatory cytokine
IFN-g secretion and cytotoxic molecule Gr-B expression
didn't go down during chronic activation even though
i[Ca2+ ] was reduced (Fig-3A and Fig-3B). Therefore we
conclude that i[Ca2+ ] downregulates cytotoxic function
through IL-10 during chronic activation.

will be extensively studied. We will also
investigate expression of transcription factor for
IL-10 production in CD8+ T cells. Then we will
repeat our result in in-vivo LCMV infection model
and human samples.

Project B: T helper cell cytokine response
modulation by hyperglycemia
Introduction/Background
Antigen presentation under appropriate
cytokines condition bias naïve T cells to Th1, Th2 or Th17
subsets. Th1 and Th17 cells protect against intracellular
pathogens and fungi respectively. An appropriate balance
between pro and anti-inflammatory T cells is critical to
avoid inflammatory diseases. However T cells in T2D or
RA are naturally skewed towards pro-inflammatory
subsets. So here we are trying to address what makes T
cells skewed toward pro-inflammatory subsets in (T2D)
or (RA) .

Specific Aims
•

Role of oxidative stress in the generation of proinflammatory T helper cells

•

Hyperglycemia induced ROS generation in CD4+T
helper subsets

•

Pro inflammatory signaling pathways activated
by hyperglycemia induced ROS in CD4+T cells

Future Plan
•

We have found out that in chronic activation IFN-g
secretion is reduced significantly that can be corelated with decrease in intracellular influx.
Further we will study different signaling
molecules like kinases and phosphatases involved
in IL-10 production during chronic activation.
Apart from this role of different MAPK molecules

Work achieved in the current year
T cells are important for normal homeostasis of
the body. Exacerbated T cell response has been observed
in various diseases such as Rheumatoid arthritis (RA),

Fig. 1. T cell phenotyping in T2D patients. (A) CD4 T cells from T2D patients and healthy controls were stimulated with PMA (50ng/ml)
and Ionomycin (1 μg/ml) for 8 h then cells were fixed and stained for intracellular IFN-g, IL-10 (b) stained for Th17 surface marker CCR6.
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Type 2 Diabetes (T2D), Multiple sclerosis (MS), Asthma
and so on. Interestingly specific T cell subset has been
precipitated in each disease like Th17.1 in RA, Th17 in MS
and Th2 in Asthma. But T cell phenotype studies in T2D
are very limited. Most of the studies have shown that
elevated levels of IL-17, TNF-a, IL-6, IL1-b cytokines in
serum samples of T2D as well as T1D patients. But there
are no studies at cellular level most importantly CD4+ T
cell level. Therefore in this study we have selected T2D
patients without any other infections and collected 5 ml of
blood in EDTA tubes with informed consent from them.
Then we have isolated PBMC from the blood by using
ficoll density gradient centrifugation and isolated
CD4+Tells by negative selection method. Isolated CD4+ T
cells were stimulated with PMA (50ng/ml)/Ion (1mg/ml)
for about 8hrs with the Golgi stop Brefildin A in last 6 hrs.
After 8 hrs of stimulation cells were first stained for
surface markers and fixed for about 20 min then stained
for various intracellular cytokines. We have used various
A.

signature surface markers and cytokines and
Transcription factors to define specific CD4+ T cell
subsets. Interestingly in this study we found out that
CCR6+Th17 cells were significantly increased in T2D
patients compared to healthy controls (Figure 1b),
Initially many studies showed that CCR6 is a signature
surface marker for Th17 cells but we have found out that
CCR6 is also expressed by IFN-g producing Th1 cells. All
Th17 cells expressed CCR6 but not all CCR6+ cells are
Th17 since some CCR+ cells produced IFN-g as well. Next
we looked for Th1 cells by their signature cytokine IFN-g
(Figure 1a) surprisingly Th1 cells were almost two fold
higher when compared to healthy controls. These
preliminary results suggested a differential role for Th1
and Th17 cells in inflammation associated with T2D
patients.
Th17 cells are associated with various
autoimmune disorders. When we examined for IL-17
producing cells (Th17) in T2D which are 5 fold higher in
B.

A

Fig. 2. Th17 and Tregs in T2D. (A) CD4 T cells from T2D patients and healthy controls were stimulated with pma (50ng/ml) and
Ionomycin (1 μg/ml) for 8 h then cells were fixed and stained for intracellularIl17 and IL-10 (b) stained for Tregs surface marker CD25.

Fig. 3. Pro inflammatory cells are from effecter memory compartment. Human CD4 T cells were stimulated with pma (50ng/ml)
and Ionomycin (1 μg/ml) for 8 h then cells were stained for surface memory markers CD45RA, CD62L and CCR7 then cells were fixed and
stained for IFN-g, IL17
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T2D patients compared to healthy controls (Fig-2A).
These results suggest the role of Th17 cells in diabetes
associated low grade inflammation. Treg cells suppress
the effector T cell function through IL-10 production. In
all inflammatory diseases Treg population will go down
which removes the inhibition on inflammatory T cells.
When we looked for the Treg cells status in T2D patients
with no surprise their population is very low compared to
healthy controls (Fig-2B)
As the study excluded infected subjects we
attempted to understand the compartmental existence of
effecter T in T2D and its cytokine profile. Interestingly
our studies show inflammatory Th1 and Th17 cells are
from effecter compartment (Fig-3).
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Future Plan
•

This year we are planning to see the role of
hyperglycemia in inducing the pro inflammatory
T helper cells through altering the TCR and
Cytokine signaling pathways as well as
mitochondrial dynamics in T2D. ROS known to
functions as signaling molecules and it is very
well established that in T2D ROS levels were high
in several folds. So in this regard we also want to
study the role of ROS induced by hyperglycemia
on pro-inflammatory Th1, Th17 and Th1/Th17
cells generation.

21

ANNUAL REPORT - 2015-16
Molecular Virology
Principal Investigator:
PhD Students:

Dr. Soma Chattopadhyay
Mr. Abhishek Kumar

SRF

Ms. Indrani Das

SRF

Mr. Prabhudutta Mamidi

SRF

Mr. Sameer Kumar

SRF

Ms. Tanuja Saswat

SRF

Laboratory Technician:

Ms. Sagarika Muduli

Laboratory Attendant:

Mr. Ratikanta Barik

Collaborators:

Dr. M. M. Parida, DRDE, Gwalior
Dr. Subhasis Chattopadhyay, NISER, Bhubaneswar
Dr. Archana Ghatak, KIIT University, Bhubaneswar
Dr. Prasanta Maiti, Abgenex India Pvt. Ltd., Bhubaneswar
Dr. Bharatbhusan Subudhi, SOA University, Bhubaneswar
Dr. N. K. Debata, SUM Hospital, Bhubaneswar
Dr. Amol Suryawanshi, ILS, Bhubaneswar
Dr. Anshuman Dixit, ILS, Bhubaneswar
Dr. Dileep Vasudevan, ILS, Bhubaneswar

Project A: Differential Proteomics and genetics approach to reveal the cause of recent Chikungunya
virus outbreak in India
Introduction / Background
After a gap of 32 years, CHIKV infection
reemerged in the form of recent outbreaks in India during
2005-2008 affecting 1.3 million people in 13 states. The
clinical manifestations by the patients during these
outbreaks were found to be more severe compared to the
classical cases. The magnitude of this outbreak led to
speculation that a new variant of the virus had emerged
that was either more virulent or more easily transmitted
by mosquito vectors. The cause of high virulency and the
pathogenecity as compared to earlier outbreaks are not
yet completely understood. These underline the need for
comparative study between recent Indian outbreak
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strains (a representative strain-DRDE-06) with S-27
prototype strain.
In the current study, we would like to do a
comparative study between S 27 and DRDE-06 strains of
CHIKV in order to identify the important differentially
expressed host factors that are modulated during CHIKV
infection in mammalian cells.

Specific Aims
•

Identify the cellular proteins which are
differentially utilized by S-27 and DRDE-06 strains
of CHIKV.
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Fig. 1. Comparison of the host cell gene expression regulation by S 27 and DRDE 06 strains of Chikungunya virus. (A) Hierarchial
clustering showing the overall expression pattern of the modulated host genes by both S 27 and DRDE-06 strains of CHIKV during
infection in mammalian cells (B) Venn diagram showing both commonly and differentially regulated host genes by S 27/DRDE-06
infected Vero cells. Data presented were average gene expression changes for three different replicates for each virus as well as for mock
infected Vero cells.

Work achieved in the current year
Comparison of the host cellular gene expression
regulation by S 27 and DRDE-06 strains of
Chikungunya virus.
In order to identify the differentially expressed
host proteins in mammalian cells after CHIKV infection,
microarray analysis was carried out for both mock and S
27/DRDE-06 infected samples harvested at 8hpi and
18hpi. Differential gene expression analyses were
performed by using standard fold change cut off >=2.0
against mock and CHIKV infected samples. Around 12221
out of 20227 genes were found differentially expressed
after applying fold change cut off >=2.0 and 684 genes
out of 12221 were passed when applied fold change cut
off was considered >=10.0. Out of these, around 1000
genes belonging to different host metabolic pathways,
were exclusively modulated by DRDE-06 alone in
comparison to S 27 as observed in venn diagram (Figure
1A). Moreover, the overall expression pattern of the genes
were found to be maximum in case of DRDE-06 in
comparison to mock and S 27 through hierarchial
clustering for any of the studied time points (Figure 1B).

Cell cycle, translational control and p38MAPK
pathways are significantly modulated during CHIKV
infection.
Functional annotation of the differentially
expressed genes into different pathways has been done
using PANTHER gene ontology analysis software. Results
indicated that out of the different pathways modulated
during CHIKV infection, majority of the modulated genes
were under Wnt signalling pathway, Hedgehog pathway,
p53 pathway, Cell cycle pathway, Apoptosis signalling
pathway, Interleukin and cytokine signalling pathway,
p38MAPK pathways and Translational control pathways
etc.
Furthermore, the validation of microarray
analysis was carried out by RT-PCR and Western blotting
for selective differentially expressed genes (Figure 2A
and 2B). Briefly, the Vero cells were infected with either S
27 or DRDE-06 and the cells were harvested to assess the
host protein expressions. Our result shows that, four
different proteins (pEIF2α, pS6 kinase, p38MAPK and
MAPKAPK3) were significantly difference in expression
pattern in comparison to mock (Figure 2 A and B). Out of

Fig. 2. Cell cycle, translational control and p38MAPK pathways are significantly modulated during CHIKV infection. (A) Vero cells infected
with S 27/DRDE-06 at a MOI of 1 were harvested at 8 and 18 hpi. Total RNA was extracted to check the expression pattern of some selective
host genes through Real time PCR. The data shown represents average mean values of three independent experiments. (B) Vero cells were
either mock infected or S 27/DRDE-06 infected at MOI 2. Cells were harvested at 1 hour interval for 7 hrs and the protein lysates obtained
was analysed for Western blotting. GAPDH was used as a loading control.
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Fig. 3. MK3 interacts with nsP2 and is indispensable for CHIKV infection.(A) Bar graph showing the cytotoxicity of SB203580 on Vero
cells as obtained through MTT assay.(B) Bar graph showing the reduction in viral titer from the supernatants of S 27 and DRDE-06
infected SB203580 treated samples as obtained through plaque assay. The data shown represents mean± SD of three experiments. (C)
Vero cells were infected with either S 27/DRDE-06 at MOI 2. The infected cell lysates were co-immunoprecipitated with monoclonal
MK3 antibodies. Western blot analysis was carried out using nsP2 and MK3 antibodies. The bottom panel represents the negative
control where normal mouse IgG was used to pull down the protein complex.

these four, three proteins (EIF2α, S6 kinase, and p38
MAPK) showed similar trends of modulation for both S
27/DRDE-06 infected samples and the other gene
MAPKAPK3 (MK3) was taken for further study and
showed differential modulation in both S 27 and DRDE06 infected samples at both 8hpi and 18hpi.
MK3 interacts with nsP2 and is indispensable for
CHIKV infection.
In order to find out the functional significance of
MK3 (a substrate of p38MAPK) during CHIKV infection,
SB203580 was used as no specific commercial inhibitor is
available for MK3. SB203580 is an ATP competitive
inhibitor that blocks the catalytic activity of p38 MAPK
thereby inhibiting the phosphorylation and activation of
downstream substrates of p38 MAPK.
MTT assay was done using different doses of
SB203580 on Vero cells and it was found that the drug
was not cytotoxic to the cells at the different doses used
for the experiment (Figure 3A). Thereafter, Vero cells
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infected with S 27/DRDE-06 strains of CHIKV at a MOI
0.01 were administered with 10 uM (recommended dose
as per literature) of SB203580 at 0 hours post infection.
Then, the supernatants and cells were harvested at 18hpi
for further downstream processing through Plaque assay
and Western blotting respectively. Figure 3B showed that
there was around 60% reduction in viral titer in drug
treated samples for S 27 in comparison to untreated
control; however the reduction was around 28% in case
of DRDE-06 (Figure 3B). Hence, the observation suggests
that MK3 is important for CHIKV infection. Next, we were
interested to know whether MK3 interacts with any viral
protein during infection. Therefore, a coimmunoprecipitation assay was performed and it was
noticed that MK3 interacts with nsP2 (Figure 3C).
However, the exact significance of this novel interaction is
yet to be studied.
In order to understand role of MK3 during CHIKV
infection, the phosphorylation/activation status of some
of the important molecules which are immediate
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Fig. 4. Effect of SB203580 on downstream signaling molecules. (A) Expression pattern of downstream signalling molecules of pP38
MAPK in presence and absence of 10μM of SB203580 in mock and S 27 infected samples analyzed by Western blotting. (B) A proposed
model showing the functional significance of MK3 during CHIKV infection.

downstream to MK3 was checked through Western
blotting. Figure 4A showed that the activation of the
signaling molecules immediately downstream to
p38MAPK (MK3 and Hsp27) was hindered by SB203580
which may eventually lead to decreased translation of
viral proteins as shown in the proposed model (Figure
4B).

Future Plan
•

To check for one to one interaction of MK3 with
the corresponding CHIKV viral proteins.

•

To understand the role of MK3 in CHIKV infection,
investigation can be carried out in an in vivo
model.

Project B: Study of Chikungunya virus infection
and immune response in host macrophages

Since very little or no research has been
conducted on functional analysis of CHIKV infection in
host macrophages, where respective immuno-regulatory
response could be investigated, therefore, CHIKV
associated MHC response and its association to host cell
immunity in macrophages will provide immense
opportunity to work in this line which will be useful to
develop near future immuno-therapeutic measures to
control CHIKV infection.

Specific Aims
•

Establishment of Chikungunya virus infection in
mouse macrophage cell lines.

•

Study the effect of CHIKV infection associated
with MHC response in macrophages

•

To investigate immuno-regulatory candidate
drug(s) for anti-CHIKV infection in macrophages

•

To investigate candidate drug for the regulation of
CHIKV mediated inflammatory responses in
macrophages.

Introduction/Background
In recent years, CHIKV has re-emerged as one of
the major important infections world-wide causing
considerable morbidity with even some cases of fatality.
Accordingly, it is highly important to know the
immunological basis of CHIKV infection, which will not
only help us to understand the immunobiology of CHIKV
infection but also help us to design future vaccine by
dissecting out immunomodulatory pathways affected by
CHIKV infection. Very recently CHIKV infection has been
suggested to mediate through host macrophage cells
instead of other antigen presenting cells (APCs). Thus, we
hypothesize that there might be some immune regulation
in terms of CHIKV-macrophage interface where host cell
immune response might be down regulated during
CHIKV infection. Moreover, with this investigation we will
achieve an in depth functional and specific research out
put in CHIKV infection and its immuno-biology.
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Work achieved in the current year
Our recent study showed that CHIKV nsP2 is
stabilized by HSP90 during the active stage of CHIKV
replication in Vero cells, which was abrogated by HSP90
inhibitor, GA. Here, we employed 17-AAG, a less toxic
derivative of GA, to study its effect on CHIKV infection in
mouse macrophages, if any. Here, we have selected 0.5 µM
concentration of 17-AAG for our further study on the
basis of cytotoxicity assay (data not shown).
The Raw cells were infected with CHIKV in the
presence of either DMSO or 0.5 µM concentration of 17AAG and the cells were maintained along with the drugs
until harvesting. Then the cells and supernatants were
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Fig. 1: Modulation of CHIKV infection by 17-AAG in macrophages. Raw cells were infected with CHIKV at MOI 5. The cells were treated
with either DMSO or 17-AAG as described earlier. (A) Bar diagram showing CHIKV titer as PFU/ml in CHIKV, CHIKV+DMSO and
CHIKV+17-AAG (0.5 µM) at 12 hpi. (B) Graphical representation showing percent positive cells for nsP2 (left) and E2 (right) with 0.1, 0.3
and 0.5 µM 17-AAG treatments at 8 hpi. (C) Agarose gel picture depicting RT-PCR of nsP2 and E2 (left) and bar diagram (right) showing
CHIKV RNA synthesis in Raw cells after 0.5 µM 17-AAG treatments at 8 hpi.

collected at 8, 12 and 24 hpi. The viral plaque assay was
performed to determine the number of newly
synthesized infectious virus particles. It was observed
that the treatment of 17-AAG reduced the number of new
viral progeny production by 3.3 fold (p<0.05) as
compared to DMSO control (Figure 1A). Subsequently, we
collected the macrophages to estimate the nsP2 and E2
protein levels. The FC analysis showed that 17-AAG
treatment (0.5 µM) was found to inhibit the level of both
the viral proteins around 50% as compared to DMSO
control. Furthermore, the dose kinetics experiment
showed that 17-AAG reduced both the protein
expressions in a dose dependent manner (Figure 1B).
Moreover, it was also observed that the RNA level was
reduced by 2 fold (p<0.05) for nsP2 and 1.25 fold (p<0.05)
for E2 in the presence of 0.5 µM of 17-AAG (Figure 1C).
This suggests that 17-AAG may reduce the production of
viral progeny by inhibiting both the level of nsP2 and E2
proteins as well as RNA. The result also indicates that all
the concentrations of 17-AAG were able to suppress the
viral protein levels remarkably, whereas the RNA levels
were reduced significantly only with 0.5 µM
concentration of 17-AAG.
Since, pro-inflammatory cytokines and
chemokines such as IL-6, TNF and MCP-1 were
significantly induced in macrophages during CHIKV
infection, experiments were carried out to estimate the
secreted level of those pro-inflammatory mediators in
DMSO and 17-AAG treated CHIKV infected macrophages.
Our data showed that TNF level was reduced around 2
fold in the presence of 17-AAG at 12 and 24 hpi (Figure
2A). Similarly the IL-6 production was reduced around 2
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fold at 12 hpi and 5 fold at 24 hpi in the presence of 17AAG as compared to CHIKV+DMSO (Figure 2B). Moreover,
the MCP-1 production was found to be reduced by 2 fold
in the presence of 17-AAG as compared to DMSO control
at 24 hpi (Figure 2C). Although, significant upregulation
of MCP-1 was observed only at 24 hpi, treatment of 17AAG reduced MCP-1 production below basal levels at all
time points. Unlike pro-inflammatory cytokine and
chemokine production, modulation of MHC-I, MHC-II and
CD86 by CHIKV were not suppressed upon 17-AAG
treatment in all time points (data not shown). Together,
the data indicate that 17-AAG may down regulate proinflammatory cytokine/chemokine production of host
macrophages without altering the induced immune
activation markers like MHCs and CD86 during infection.

Future Plan
•

In future we would like to investigate the
regulatory cellular pathways in host macrophage
which may contribute to the inflammatory
responses during CHIKV infection. Furthermore,
the immune evasion mechanism(s) elicited by
CHIKV to evade recognition and clearance of virus
from the host cell.

Publications
Original peer-reviewed research articles
•

Mishra P, Kumar A, Mamidi P, Kumar S, Basantray I,
Saswat T, Das I, Nayak TK, Subhasis Chattopadhyay S,
Subudhi BB#, Chattopadhyay S#. Inhibition of
Chikungunya Virus Replication by 1-[(2Methylbenzimidazol-1-yl) Methyl]-2-Oxo-Indolin-3-
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Fig. 2: Suppression of CHIKV induced pro-inflammatory responses in macrophage by 17-AAG. Raw cells were infected with CHIKV at
MOI 5. The cells were treated with either DMSO or 17-AAG as described earlier. (A) Cell culture supernatants were collected and were
assessed for TNF (A), IL-6 (B) and MCP-1 (C) secretion for mock+DMSO, CHIKV+DMSO and CHIKV+17-AAG by sandwich ELISA at 8, 12
and 24 hpi. Data represents mean±SEM of at least three independent experiments. p< 0.05; **p ≤0.01; ***p ≤0.001).

Dengue and Chikungunya virus in Odisha and
Maharashtra, India during 2013. Infect Genet Evol.
2015 Aug 4;35:134-141.

ylidene] Amino] Thiourea (MBZM-N-IBT). Scientific
Report. 2016, 4th Feb, DOI: 10.1038/srep20122.
•

•
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Kumar S, Mamidi P, Kumar A, Basantray I, Bramha
U, Dixit A, Maiti PK, Singh S, Suryawanshi AR,
C h a t t o p a d h y a y S , C h a t t o p a d hy ay S # .
Development of novel antibodies against non.
structural proteins nsP1, nsP3 and nsP4 of
Chikungunya virus: Potential use in basic
research. Archives of Virol. 2015 Nov;
160(11):2749-61.
Saswat T, Kumar A, Kumar S, Mamidi P, Muduli S,
Debata NK, Pal NS, Pratheek BM., Chattopadhyay
S, Chattopadhyay S#. High rates of co-infection of

•

*Pratheek BM, Suryawanshi AR, Chattopadhyay
S#, Chattopadhyay S#. In silico analysis of MHC-I
restricted epitopes of Chikungunya virus
proteins: Implication in understanding antiCHIKV CD8(+) T cell response and advancement
of epitope based immunotherapy for CHIKV
infection. Infect Genet Evol. 2015 Apr; 31:118-26.
*: In press last year, published this year
#

: Corresponding author
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Project A: Characterization of DNA polymerase eta (Rad30/ Polη) from Candida albicans
Introduction / Background
Accumulation of mutations due to translesion
DNA synthesis (TLS) induces carcinogenesis and
chemoresistance. Therefore TLS polymerases are
potential chemopreventative and chemotherapeutic
drug targets. Candida albicans is a fascinating model
system to understand mechanisms of morphogenesis,
pathogenesis and multidrug resistance. Available
evidences suggest that genomic instability is a common
occurrence in clinical isolates of Candida; however its link
to TLS has not been explored yet. Inactivation of RAD30, a
TLS polymerase in both S. cerevisiae and human confers
enhanced UV mutagenesis and XPV in humans. Here we
characterize DNA polymerase eta from C. albicans to
decipher its role in TLS, mutagenesis, morphogenesis and
multidrug resistance.

Specific Aim
•

Identification, cloning and expression of CaRad30

•

In silico structural analysis of CaRad30 and its
comparison with yeast and human
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•

Functional analysis of CaRad30 in S. cerevisiae

•

Mechanism of its recruitment to stalled
replication fork

Work achieved in the current year
Identification, sequence analysis and structural
comparison of CaPolη with Sc- and human Polη:
Based on phylogenetic relationships, eukaryotic
DNA polymerases have been classified into four families
A, B, X, and Y. The Y-family polymerases (e.g yeast Polη
and Rev1) are nonessential polymerases having a low
fidelity and differ from others because of their unique
ability to replicate through specific DNA lesions by a
process called Translesion DNA Synthesis (TLS).
Although CGD predicts presence of such pols in C.
albicans, functional characterization of DNA pols is yet to
be carried out. Therefore to identify a putative
homologue of S. cerevisiae Polη (RAD30), the ScRad30
ORF sequence was used for BLAST analysis. BLAST
analysis showed amino-terminal sequence conservation
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of 41% identity and 56% similarities with two C. albicans
SC5314 sequences orf19.866 and orf19.8485. These orfs
only differ in 3 amino acids at positions 67th (D/N), 210th
(T/A) and 419th (S/N). As CGD annotates this
homologue as RAD32 and both the orfs belong to the
same chromosome and same locus, it suggests that C.
albicans is heterozygous for RAD30 gene. The CLUSTAL
W alignment analysis of theses orfs with Rad30 from

yeast and human showed high degree of amino acid
conservation at the amino terminal but almost no
similarities at the carboxyl termini (Fig. 1). The catalytic
N-terminal domain showed remarkable amino acid
conservation in the motifs I – V suggesting evolutionarily
important roles of these motifs in DNA synthesis. The
critical acidic (D53, D168 and E169) and other key amino
acids like A84, Y87, R90, K282, K289, G317, and K380 in

Fig. 1 In silico analysis of CaPoleta. The amino acid alignment and secondary structure prediction were carried out using CLUSTAL W and
PSIPRED v3.3 programs, respectively. Identical residues are marked by *, whereas the similar residues are marked with: symbols.
Conserved motifs (I – V) and critical residues were shaded grey and blue colored, respectively. The amino acids responsible for
herozygocity of CaRad30 are shaded green. All the theoretically predicted α-helices (rectagular) and β-strands (arrow) of CaPol are
numbered. UBZ domain and PIP box were also designated.
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these motifs remain unchanged. The regulatory Cterminal domain while it retains conserved Zn++ finger
ubiquitin binding motif (UBZ), Candida orfs lack PCNA
interaction motif (PIP) at their extreme tails. The amino
acids that render heterozygocity in orf19.866 and
orf19.8485 sequences do not constitute any of the critical
motifs; and most unlikely these amino acids will not have
any critical role in DNA synthesis. Henceforth we will
study orf19.866 and refer to this orf as CaPolƞ or
CaRad30. CaPolη sequence encodes a predicted 72kDa
protein composed of 640 amino acids.
As the primary sequence of CaPolη showed
remarkable similarity, we examined the structure of
putative CaPolh by using in silico approach. Threedimensional (3D) structure of CaPolη was predicted by
homology modeling using structural information
available with ScPolη and HsPolη (Fig. 2). The sequence of
CaPolη was retrieved from the UniProt Knowledge Base
( h t t p : / / w w w. u n i p ro t . o r g ; U n i P ro t a c c e s s i o n
no.Q5AHQ7) and used as a query for FFAS (Fold and
Function assignment http://ffas.sanfordburnham.org
/ffas-cgi/cgi/ffas.pl) modelling platform to search for
suitable templates. The crystal structure of HsPolη (PDB

accession no.3MR5) and ScPolη (PDB accession no.3MFI)
were used as a template for the construction of the model
as these were found to be the most suitable templates in
terms of sequence identity and crystallographic
resolution. More importantly these structures depicted
Polh in action as it was co-crystallazied with a TT-dimer
containing substrate and an incoming dATP residue.
Stereochemical quality of the modelled structure of
CaPolη was further analyzed by the metaserver SAVES.
The Ramachandran plot was derived by PROCHECK.
Like Sc-and Hs-Polη, CaPolƞ also forms a right
handed palm structure, and the modeled complex was
nearly superimposed with the templates Polη (Fig. 2A).
With both templates the Ramachandran plot showed
91.5% residues in the most favoured, 7.3% residues in
the additional allowed region and merely 0.6% in
disallowed region, confirming the acceptability of the
model structures (Fig. 2B). The modeled catalytic domain
structure predicts CaPolƞ (1-507 aa) to be composed of
fifteen β strands (β1-β15) and twenty a helices (αA-αT).
In these structures Polη stabilizes the DNA templateprimer with its palm (motifs I encompassing residues
41–79 and motifs III-IV containing residues 162–306),
fingers (motif II with residues 80–121), thumb (motif V
residues 307–405) and PAD (residues 406–507). The
palm carries the active site residues Asp53, Asp168 and
Glu169, which catalyze the nucleotidyl transfer reaction
in presence of two Mg2+ ions. The incoming dATP is
stabilized by fingers and palm residues Tyr 87, Arg90 and
Lys282. The thumb binds the DNA minor groove, while
the PAD interacts with the major groove.
CaPolη complements ScPolη function in vivo:

Fig. 2A Model structure of CaPol eta. I. Structure of CaPol eta (1517 aa) with the CPD containing DNA template bound primer
showing palm domain in blue, finger domain in salmon, thumb
domain in orange and PAD in green. Mg++ ions were shown as
yellow spheres. II. Model structure of CaPol eta(green) was
superimposed with ScPol eta (red). III. Model structure of CaPol
eta (green) was superimposed with HsPol eta (orange).

Fig. 2B. The Ramachandran plot of the homology-modeled
structure of CaPol eta with ScPoleta (I) and HsPoleta (II). The red
regions indicate “most favored”, yellow colored areas “additional
allowed” and white portion represent “disallowed”.
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Absence of Polη in yeast causes UV sensitivity and
increases UV induced mutagenesis. As CaPolη showed
remarkable similarity in primary sequences and three
dimensional structures, we wanted to check whether it
can function like ScPolη. ScPolη, CaPolη and CaPolη with
DE168, 169AA mutation were cloned under yeast AdhI
promoter (2µ-Adh1P–URA3) and transformed into
rad30D and rad30D rev3D yeast knock out strains. The
transformants were grown in SC medium lacking uracil
(SC-Ura) to maintain selection for the plasmid. When
cultures had reached the midlogarithmic phase, they
were washed by centrifugation, vertexed to disperse cell
clumps, pelleted by centrifugation, and resuspended to a
density of 2x108 cells per ml. Appropriate dilutions of
cells were spotted and exposed to various UV doses to
assay sensitivity. Various dilutions were also spread onto
the surface of plates containing SC medium for viability
determinations and onto SC lacking arginine but
containing canavanine for mutagenesis assays. UV
irradiation was done as indicated. Following UV
irradiation, plates were incubated in the dark, and
colonies were counted after 3 to 5 days. An empty vector
harboring deletion strains were also examined in similar
fashion as control experiments. Extensive genetic
analysis in yeast suggest that during DNA replication UV
lesions are primarily taken care by Polη (Rad30) and Polζ
(Rev3-Rev7) dependent pathways. Therefore
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rad30Drev3D double knock out S. cerevisiae strain is more
sensitive to UV than the single deletion strain. As shown in
Fig. 3A deletion strains with empty vector were highly
sensitive to UV and no growth was observed at 45J/m2.
Strains expressing ScRad30 or CaRad30 were growing
and able to tolerate UV radiation (15-45 J/m2) suggesting
that CaPolη can function in yeast and protect the yeast
cells from UV damage. As predicted in our modeled
structure of CaPolη, D168 and E169 acidic residues are
critical for DNA synthesis, like empty vector, CaRad30
mutant DE168, 169AA did not rescue UV sensitive
phenotype of the deletion strains suggesting that the
catalytic activity is essential for UV complementation.
Similarly when the rate of UV induced mutagenesis was
carried out, the rad30D strain was highly mutagenic and it
was reduced drastically in the expression of candida or
yeast Polη (Fig. 3B).
CaPolη physically interacts with CaPCNA:
PCNA functions as a docking site for DNA
polymerases and other proteins during translesion DNA
synthesis. So homotrimeric PCNA interacts with the pip

motifs in DNA polymerases and regulates their function.
Yeast DNA polymerase eta interacts ScPCNA via its
consensus PCNA interaction protein (pip, QxxLxxFF)
motif and mutation in the motif inhibits its TLS function.
Interestingly CaPolη functions in yeast but the primary
sequence alignment did not reveal any such motif in the
C-terminal portion of the protein. It implies that the mode
of interaction in CaPolh appears to be different from yeast
and human TLS polymerases. We wanted to check
whether CaPolη physically interacts with PCNA and to
map the motif of binding. Therefore CaPCNA, CaPolη and
a truncated CaPolη (1-537 aa) proteins were purified and
interaction study was carried by size exclusion
chromatography and surface plasmon resonance using
Proteon 36 system. To determine whether CaPolh
physically interacts with CaPCNA, we examined whether
a complex can be formed between these proteins in vitro.
CaPolh was mixed with the CaPCNA in a 1:1 molar ratio,
and after incubation their interaction was examined by
gel-filtration, a nonequilibrium technique wherein only
stable protein complexes survive. Gel filtration was
performed at 8°C, using a Superdex 200 PC 3.2/30

Fig.3A. CaPol eta functionally complements ScPoleta. A. UV Sensitivities of S. cerevisiae strains. Cells of genomic rad30 and rad30rev3
deletion yeast strains harboring YEP-ADH1p or YEP-ADH1p-ScPol or YEP-ADH1p-CaPol or YEP-ADH1p-CaPol DE168,169AA mutation
plasmids from an overnight YPD culture were serially diluted and spotted onto YPD plates with indicated dozes of UV radiation . The
plates were covered with aluminium foil, incubated at 30 °C for 3 days and then photographed.

Fig. 3B. UV mutagenesis. Appropriate dilutions of rad30 deletion
yeast strains harboring YEP-ADH1p or YEP-ADH1p-ScPol eta or
YEP-ADH1p-CaPoleta were spreaded onto the surface of plates
containing SC medium for viability determinations and onto SC
lacking arginine but containing canavanine for mutagenesis
assays. UV irradiation was done as indicated. Following UV
irradiation, plates were incubated in the dark, and colonies were
counted after 3 to 5 days. Experiments were performed in
triplicate and average was plotted.
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column (GE) equilibrated with buffer containing 50 mM
HEPES pH7.5, 150 mM NaCl and 10 % glycerol.
Chromatography was performed on an AKTApure M
system (GE Healthcare) at a flow rate of 0.05 ml/min, and
the absorbance was monitored at 280 nm. As shown in
Fig.4A , trimeric PCNA alone eluted around ~90 kDa
(~1.7 ml elution volume, green line) whereas the mixture
of CaPolη-CaPCNA when eluted we observed 3 peaks. We
found the complex eluted as ~160kDa (~1.2 elution
volume, red line) and unbound trimeric CaPCNA at its
~90kDa position. Free CaPolh was eluted much later than
either of the peaks (complex or CaPCNA). This shift in the
elution position of PCNA or Polη ascertains the formation
of a complex between CaPolη and CaPCNA.
To confirm the interaction further, we immobilized
CaPCNA on a GLC- chip to determine affinity for CaPolη.
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Fig. 4 Interaction of CaPoleta with PCNA. A. complex formation of CaPoleta and CaPCNA by Size exclusion chromatography. Gel filtration
elution profile of CaPCNA alone (green)and a mixture of CaPoleta -CaPCNA (red) and G178S mutant (red). The complex elutes at 1.2ml
elution volume where as CaPCNA alone with the peak fractionation at ~1.7 ml elution volume were shown. B. Binding of CaPolη with
CaPCNA: About 25-500nM of CaPolη or truncated CaPoleta (1-537aa) was injected on CaPCNA immobilized GLC chip as indicated with
running buffer at a flow rate of 50 μl/min for 180 s with a 600 s dissociation phase. The dissociation constants were determined.

As a control, required amount of BSA was also
immobilized. Interestingly, when CaPolh was passed over
BSA, we did not see any significant increase in response
unit where as it showed ~80 RU for CaPCNA (Fig. 4B). The
binding affinity is found to be in nM range (KD: 2.22 X 109M). Interestingly CaPolη 1-537aa mutant did not show
any binding with CaPCNA suggesting that last ~100
amino acids are required for such interaction. Further
analyses will be carried out to decipher the mode of
interaction and its effect on CaPolη's function in TLS.

Future Plan
•

RAD30 knock out strains of C. albicans are being
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generated to decipher its role in mutagenesis and
MDR. Efforts are being made to map the
interaction domain in CaPol eta.

Publications
Original peer-reviewed research articles
•

Kodavati Manohar and Narottam Acharya
Characterization of Proliferating Cell Nuclear
Antigen (PCNA) from Pathogenic Yeast Candida
albicans and its functional analyses in S.
cerevisiae. BMC-Microbiology, 2015: 15:257.
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Project A: Understanding the mechanism of Min oscillation in E. coli
Introduction / Background
During bacterial division, a dynamic ring known
as Z-ring forms at the midcell with the help of FtsZ and
other division proteins which constricts and divides the
cell into two identical daughter cells. Min system
consisting of MinC, MinD and MinE oscillates between
both the poles and inhibits Z-ring formation at the poles
by inhibiting FtsZ assembly and helping the Z ring
formation at mid-cell. Min oscillation is only dependent
on MinD and MinE. MinD, an ATPase dimerizes in the
presence of ATP and binds to the membrane. MinC is a Z
ring assembly inhibitor that moves along the MinDE.

Specific Aims
•

To d e t e r m i n e i f F t s Z h e l p s M i n D fo r
dimerization/polymerization and it's binding to
the membrane.

•

To identify the factors responsible for binding of
MinE to the end of the MinD tubule.

•

To determine if MinD ATP hydrolysis provides
energy for MinD oscillation.

Work achieved in the current year
The MinCD system oscillates between both the
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poles of the bacteria and inhibits assembly of FtsZ at the
poles. However the exact mechanism of MinCD oscillation
is not yet known. Our aim is to understand the mechanism
of MinCD oscillation.
1. Expression of MinD induced bigger filaments
in E. coli: MinC alone can inhibit the FtsZ
polymerization. However, MinCD is a more potent
inhibitor than MinC alone. To understand effect of
MinD on cell length and morphology, we over
expressed MinD or MinC with 100 µM IPTG under
T7 promoter in wild type E. coli strain. We
observed that over expression of MinD alone
produces filamentous cells. We further compared
these cells with the cell length of E. coli while over
expressing MinC with 100 µM IPTG. Interestingly,
the overall cell lengths were found to be longer in
the case of over expression of MinD compared to
the over expression of MinC (Fig. 1.1). The result
suggests that the over expression of MinD alone
can affect cell division directly without MinC,
possibly through direct interaction with FtsZ.
2. MinD interacts directly with FtsZ in vitro:
To determine the interaction between FtsZ and
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antibody. We observed that GST-MinD pulled
along with His-FtsZ in a concentration dependent
manner. Our results suggested that MinD alone
interacts directly with FtsZ.

Fig. 1.1. E. coli morphology upon over expression of MinD or
MinC: E. coli was grown at 37oC and the cell morphology was
studied using DIC microscopy. Shown are E. coli in mid-log phase
culture after induction with 100uM IPTG for 2hrs. A. MinD
overexpression, B. MinC overexpression, C. Frequency
distribution of different cell length cells.

MinD we used direct pull-down assay and
Fluorescence polarization assay. Two different
pull-down assays were employed, one is using
GST-MinD and His-FtsZ and another is using HisMinD and wt-FtsZ. His-FtsZ, wt-FtsZ, His-MinD
and GST-MinD were cloned in required vectors
and transformed in to E. coli Bl21 strains. The
proteins were over expressed and purified from E.
coli using affinity chromatography. In the first pull
down assay wt-FtsZ (6 μM) and His-MinD (6 μM)
were incubated at room temperature for 30 min.
His-MinD was pulled down using cobalt resin and
FtsZ pulled along was observed on an SDS PAGE.
An intense band of FtsZ was observed in the
presence of His-MinD. The result clearly shows
that MinD alone is sufficient to pull down FtsZ (Fig
1.2). In the second pull down assay purified GSTMinD (6 µM) was incubated with different
concentrations of His-FtsZ (2, 4, 6 µM) and were
incubated at room temperature for 30 min. Cobalt
resin was used to pull down His-FtsZ and the
amount of GST-MinD pulled along with FtsZ was
determined by analyzing the samples on a
western blot using anti GST-antibody and anti His-

Fig. 1.2. Pull-down assay show the direct interaction of MinD
with FtsZ. Panel A. Native FtsZ 6 µM was incubated with 6 µM of
His-MinD along with Cobalt resin. After that, resin washed and
eluted with Imidazole. Samples were analyzed on SDS-PAGE.
Marker (Lane1); 6 μM of FtsZ (Lane2); 6 μM MinD (Lane3); 2μM
MinD, 6 μM FtsZ (Lane4). Panel B GST-MinD (6 µM) was added to
His-FtsZ (2, 4, 6 µM) and incubated with Cobalt resin in Buffer A.
Then resin washed with Buffer-A containing 25 mM Imidazole.
Resin bound protein was eluted with Buffer A containing 250
mM Imidazole and analyzed by western blot using GST-antibody.
Panel B shows the quantification of pulled GST-MinD by His-FtsZ.
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3. Quantifying the interaction between FtsZ and
MinD: To quantify the interaction between FtsZ
and MinD we planned to take help from the
intrinsic fluorescence of MinD. Min MinD does not
contain any Tryptophan molecule. Using site
directed mutagenesis a tryptophan molecule was
introduced at position 183 in MinD. MinDY183W
cloned in pET28a were transformed in to BL21
(DE3) pLyss cells, over expressed using IPTG and
purified using cobalt resin using standard
purification protocol. Purified MinDY183W was
used to determine the affinity between FtsZ and
MinD. Briefly, MinD Y183W (1 µM) was titrated
with increasing concentrations of FtsZ from 0 to
40 µM. First MinD, FtsZ concentrations were
measured using Bradford reagent and total 150 µl
of reaction was setup containing MinD (1µM), FtsZ
(0 to 40µM) in HEPES buffer pH 7.4 having 150
mM KCl, 10% glycerol. Reaction mixtures were
incubated for 1hr at 4 °C. The sample was
transferred to a 3 mm quartz cuvette and
tryptophan fluorescence emission was measured
at 310 to 350 nm for excitation 295 nm. Control
was setup by taking only FtsZ without MinD and
fluorescence of this control was subtracted from
the MinD + FtsZ fluorescence. The tryptophan
fluorescence intensity was found to change with
the increasing concentrations of FtsZ. The change
in the emission fluorescence was used to calculate
the dissociation constant (Kd) using a Double
reciprocal plot. The Kd of FtsZ MinD complex was
determined to be 1.2 ± 0.6 µM which suggests that
MinD binds to FtsZ moderately.

Future Plan
• Our main aim of the project is to understand the
mechanism of the MinCD oscillation. Our
hypothesis is FtsZ is a factor that contributes to
this oscillation. We will perform pull down assay
to check interaction of FtsZ with MinC, MinD and
MinCD. Fluorescence binding assays will be done
to quantify the interactions between these
proteins. Polymerization and GTPase assays for
FtsZ will be performed to determine how MinD,
MinC and MinCD affecting FtsZ functions.

Project B: Design, synthesis and biological
evaluation of novel FtsZ inhibitors as potential
anti-bacterial agents
Introduction/Background
Cell division is an essential process for all the
living organisms. Targeting cell division in bacteria for
the development of antibacterial agent is little explored.
Among the bacterial cell division proteins FtsZ has been
widely characterized. FtsZ has two different properties
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polymerization and GTPase activity. Any small molecules
that can alter any of these two functions should be able to
inhibit cell division. Recently, researchers have shown
that inhibiting FtsZ functions inhibits bacterial
proliferation. In this study we screened a natural product
library to identify small molecules those can prevent
bacterial proliferation through inhibiting FtsZ functions.

Specific Aims
• Screening for small molecules from a natural
product library that inhibit bacterial proliferation
and interact with FtsZ.
• Verifying if the molecules inhibit FtsZ functions in
vitro.

Work achieved in the current year
We have used in silico, microbial and biochemical
approaches to screen a U.S. FDA – approved drug library
to identify molecules that might inhibit cell division in
bacteria by targeting FtsZ. We showed that doxorubicin,
an anthracyclin antibiotic, isolated from an
actinobacterium Streptomyces peucetius can inhibit E. coli
growth by perturbing FtsZ functions. Our data suggest
that doxorubicin interacts with FtsZ and inhibits E. coli
growth. We also show that, in the presence of
doxorubicin, E. coli becomes highly filamentous without
affecting DNA segregation. In the present study, we have
demonstrated that doxorubicin interacts at a novel site in
FtsZ, inhibits FtsZ functions and prevents E. coli growth.

Specific aim
• Screening for small molecules from a natural
product library that inhibit bacterial proliferation
and interact with FtsZ.
Library Screening:
An FDA approved drug library containing 800
small molecules used to screen for compounds those may
inhibit cell proliferation by inhibiting cell division and by
interacting with FtsZ. Using disc diffusion assay we
identified 109 molecules have antibacterial activity. Out
of these 43 molecules induced filamentation in E. coli.
Independently all the 800 molecules were tested for their
interaction with FtsZ in silico. Twenty-eight compounds
interacted with FtsZ in silico. Interestingly, only two
compounds doxorubicin and aztreonam fall in the
intersection of all three screens (Fig. 2.1). Aztreonam is
an antibiotic and a known cell division inhibitor that
inhibits FtsI functions. Thus, we focused to study if
doxorubicin prevents bacterial growth by interacting
with FtsZ and inhibiting its functions.
Doxorubicin destabilizes Z-ring E. coli:
Effect of doxorubicin on Z-ring formation was
observed in E. coli (DH5α-FtsZ-gfp) strain. E. coli was
grown in the presence of different concentrations of
doxorubicin (20µM and 40µM) for 1hr and the
morphology of Z-rings was observed with fluorescence
microscope. With regular observations it was found that
the cell length as well as the number of Z-ring increased
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Fig. 2.1. Summary of screening: Venn diagram represents the
summary of screening showing total numbers of compounds
screened (blue), number of compounds showed antibacterial
activity detected by disk diffusion assay (red), number of
compounds showed filamentation morphology in E. coli (green)
and number of compounds showed interaction with FtsZ in silico
(grey).

with the increasing concentrations of doxorubicin. A
close observation revealed that most of the Z-rings were
not completed in the presence of doxorubicin, however,
most of the control cells showed a typical Z-ring. The
number of Z-ring/µm of cell length and proper Z-rings
were determined. Results show that the proper Z-ring
formation was decreased drastically with the increasing
concentrations of doxorubicin. For example, the number
of proper Z-ring per cell was found to be 1 ± 0.2, 0.8 ± 0.2
and 0.2 ± 0.6 in the absence or presence of 20 µM and 40
µM of doxorubicin.
Doxorubicin strongly binds to FtsZ:
Our screen identified that doxorubicin can bind to
the FtsZ, inhibits Z-ring formation and induced filament
formation. To identify if doxorubicin can bind to the FtsZ
we determined the interaction of doxorubicin with FtsZ
using fluorescence binding assays. The dissociation
constant (Kd) was determined to be 120 ± nM suggesting
a strong binding of doxorubicin to FtsZ.

Specific aim
• Verifying if the molecules inhibit FtsZ functions in
vitro.
Inhibition of FtsZ assembly by doxorubicin:
As doxorubicin inhibits Z-ring formation and
strongly binds to FtsZ we wanted to know its effects on
FtsZ functions. FtsZ assembles to form protofilament and
bundles that helps in the formation of the Z-ring. We
monitored the FtsZ assembly in the presence and
absence of doxorubicin using light scattering. With
increasing concentrations of doxorubicin the light
scattering intensity was decreased suggested that
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found (Fig. 2.2) and the total number of FtsZ polymers
was found to be much lower in the doxorubicin treated
sample.
Doxorubicin inhibited GTPase activity of FtsZ:

Fig. 2.2. Effects of doxorubicin on FtsZ polymers morphology.
FtsZ (12 µM) was polymerized in the absence and in the presence
of doxorubicin (60 µM). FtsZ polymer was fixed with 0.5%
glutaraldehyde and transferred on to formvar carbon coated
copper grids. Samples were negatively stained with 1% uranyl
acetate. Shown are FtsZ polymers (panel A) and FtsZ polymers in
the presence of doxorubicin (Panel B). The scale bars are 100 nm
in both the cases.

FtsZ is a GTP binding protein and requires GTP for
its assembly. As doxorubicin inhibits FtsZ assembly we
wanted to know the effect of doxorubicin on the FtsZ GTP
hydrolysis rate. The phosphate release was measured to
calculate the rate of GTP hydrolysis using malachite green
assay. Our result shows a decrease in the rate of GTP
hydrolysis with the increasing concentrations of
doxorubicin. In the presence of 1 µM and 6 µM of
doxorubicin the phosphate release was decreased by
50% and 75% respectively.
Structural insights into FtsZ-doxorubicin model
complex:
To gain an insight into FtsZ-doxorubicin
interaction, doxorubicin was docked with E. coli
homology model. The homology model of FtsZ shows
three different grooves present where doxorubicin can fit
in out of this one of the site is GTP binding site. We
performed MD docking of doxorubicin for both the sites.
The interaction of doxorubicin with the second unknown
site was found to be higher than GTP binding site. We
mapped the doxorubicin interacting amino acids in FtsZ
and shown in (Fig. 2.3).

Fig. 2.3. Homology model of E. coli FtsZ and Doxorubicin binding
site. (A) Escherichia coli Homology based model showing all
three identified sites. (B) Surface representation of Doxorubicin
binding in E. coli FtsZ. The site is colored by residue type e.g.
hydrophobic (yellow), negatively charged (red), positively
charged (blue), uncharged polar (marine). (C) Atomic level
details of doxorubicin binding in Escherichia coli FtsZ homology
model. Blue circled area shows electrostatic interactions.

doxorubicin inhibited the assembly of FtsZ. Further, we
measured the sedimentable FtsZ polymer mass by
centrifuging FtsZ polymers formed in the absence and
presence of doxorubicin. The sedimentable polymer
mass was decreased in the presence of doxorubicin
suggests that it inhibits FtsZ assembly. Next we wanted to
know the effect of doxorubicin on the morphology of FtsZ
polymers using transmission electron microscope
(TEM). The TEM imaging showed a typical FtsZ
protofilaments in the control sample, however in the
presence of doxorubicin only shorter FtsZ filaments were
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Future Plan
• The aim of the proposed project is to identify
molecules those can inhibit bacterial growth by
inhibiting cell division through its binding to FtsZ.
Here we have identified a doxorubicin binds to
FtsZ at a site different than GTP binding site. Our
future plan is to identify small molecules those
can interact with this site. We will use molecular
docking to identify molecules those can strongly
interact with this site of FtsZ. Further we will
verify using biochemical and microbial tools.

Publications
Original peer-reviewed research articles
• Panda P, Taviti AC, Satpati S, Kar MM, Dixit A,
Beuria TK, Doxorubicin inhibits E. coli division by
interacting at a novel site in FtsZ. Biochem J. 2015,
471(3):335-46.
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Project A: Interplay Of LPA and RAGE ligands in inflamation and sepsis
Introduction / Background
Systemic inflammatory response syndrome
(SIRS) or sepsis is a chronic disease characterized by
deregulation of pro-inflammatory progressions.
Endogenous phospholipids such as lysophosphatidic
acid (LPA), which regulate signal transduction in distinct
homeostatic and pathological conditions, play an
important role in the events leading to the disease. RAGE
plays an essential role in the development of intestinal
barrier dysfunction and infection after hemorrhagic and
septic shock. Our studies indicate that RAGE is new
receptor for LPA and LPA mediates its role via RAGE in
lungs, sepsis and the Innate Immune response.

Specific Aims
•

Determine the differential effects of LPA and
RAGE on macrophages.

•

LPA engrossment via RAGE receptor in lung
inflammation.

Work achieved in the current year
We are determining the effect of LPA-stimulated
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RAGE activation on pro-inflammatory mediator
production and pro-inflammatory signaling implicated in
the disease state (e.g. NF-kb and the other pathway).
Tight regulation of the immune system is essential for
maintaining the balance between protective and tissue
damaging inflammatory responses. The production of
lysophosphatidic acid (LPA) in tissue is exquisitely
regulated chiefly by the enzymatic activity of autotaxin
(ATX), and increasing evidence points to the ATX/LPA
axis as a therapeutic target for chronic inflammation and
cancer.
LPA is known to bind to G-coupled protein
receptors, it is established that the full range of LPA
cellular events is not fully delineated. Our preliminary
data show that LPA binds the receptor for advanced
glycation endproducts (RAGE). In this application, we will
study the mechanisms by which LPA regulates
inflammation and sepsis, at least in part via RAGE.
Accomplishment of these studies will provide valuable
insight into the mechanisms by which LPA mediates
sepsis. An augmented understanding of the cellular and
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pathophysiological processes underlying lung and
intestinal injury and repair will lead to improved
therapeutic strategies aimed at preventing injury,
hastening repair, and minimizing chronic progressive
lung disease and septic shock.
We have established that LPA activates signaling
events in alveolar epithelial cells in vitro. A549 cells,
Caco-2 cells and mouse macrophages were treated with
LPA and activation of Akt was tested. In all three-cell
types, LPA induced rapid activation of Akt as revealed by
Western blotting for detection of phospho-Akt as
reported in last year report. Further we used RAGE SiRNA and dissecting other signaling events and cytokines
interplay. Our results indicate that ERK pathway is
specifically activated via RAGE receptor on stimulation of
LPA. We further found that RAGE is essential for LPA
mediated A549 cells migration. These finding suggest
that RAGE is possibly main receptor of LPA in lungs and
may play important role in lung pathogenesis via LPA.
Endogenous phospholipids such as LPA, which
regulate cellular signal transduction cascades involved in
diverse homeostatic and pathological conditions, have
been shown to play an important role in the events
leading to inflammation and sepsis. In the lung, LPA
triggers upregulation of local proinflammatory processes
by inducing the release of cytokines, chemokines and proinflammatory lipid mediators (e.g. interleukin-8 and
prostaglandin E2) by epithelial cells. RAGE (receptor for
advanced glycation endproducts) activates proinflammatory signaling cascades leading to cellular
stress responses and tissue damage. RAGE plays an
important role in the development of intestinal barrier
dysfunction and infection after hemorrhagic and septic
shock. Our studies indicate role of LPA in inflammation.
Activation of RAGE by its ligands triggers diverse
signaling cascades, especially NF-kB. Pharmacological
antagonism or genetic intonation of RAGE exerts
protection against the complications of diabetes,
inflammation, and tumors.
The most lethal form of sepsis, endotoxic shock, is
caused by lipopolysaccharide (LPS) released from the
surface of replicating Gram-negative bacteria into the
circulation, where it is identified by different immune
cells, including macrophages. The interaction of LPS with
macrophages triggers the production of various proinflammatory cytokines, including tumor necrosis factorα, interleukin (IL)-1β and IL-6, contributing to the
pathogenesis of endotoxic shock.
The production of IL-6 is a hallmark of endotoxic
shock, and high levels of this cytokine in affected
individuals being associated with mortality. Despite the
central role of IL-6 in endotoxin-induced inflammatory
pathogenesis, however, the signaling events responsible
for triggering IL-6 production by LPS in macrophages
have still remained unclear. In our studies on purified
mouse macrophages, we found increase in production of
IL-6 with LPS treatment which got further enhanced
upon addition of LPA with LPS. We also found increase in
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Fig.1. Levels of (a) IL-6, (b) KC and (c) G-CSF in pure mouse
monocytes treated with medium (Ctrl), LPS alone or LPS in
combination with LPA as an effect of LPA during infection.

levels of G-CSF and KC in mouse macrophages on addition
of LPA to LPS indicating the role of LPA in inflammation
(Fig 1. a,b,c).

Future Plan
•

Aim 2 will be studied in future where we will focus
on LPA engrossment via RAGE receptor in lung
inflammation. We have mice at our end which
overexpresses ATX in murine model and we will
be estabshing studied cell line effects in murine
models.

Project B: Structural dynamics of RAGE
O l i g o m e r s : C y s t e i n e o r n o n - c ov a l e n t
interaction?
Introduction/Background
The receptor for AGER (Advanced Glycosylation
End Products-specific receptors) is basically a
transmembrane spanning multi-ligand pattern
recognition receptor (PRR) belongs to immunoglobulin
super family of protein. It plays a major role in the case of
diabetes, cancer, neurodegenerative disorders, the
inflammatory and immune responses. AGER frequently
expresses on immune cells, neurons, and activated
endothelial and vascular smooth muscle cells. AGER has
42,803 Da molecular weight and its isoelectric point is
7.58. RAGE has three extracellular domains (V, VC1and
C2), a transmembrane domain and a cytoplasmic tail
responsible for downstream signaling events.

Specific Aims
•

Identification of RAGE oligomers in native
conditions

•

Size exclusion chromatocgraphy and Oxidation of
RAGE and RAGE domains to study the
oligomerization

Work achieved in the current year
Initiation of signal cascades by ligand-induced
receptor oligomerization has been proposed and
accepted as a general mechanism of receptor activation.
Some models propose that multimeric ligands stimulate
their receptors by recruitment of receptor molecules and
hence association of the extracellular ligand-binding
domains drives the colocalization of the cytoplasmic
domains, important for signal transduction. In these
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models, the geometry of the ligand controls activity
because the cytoplasmic domains need to be brought into
close proximity in a specific orientation. This model has
been accepted for receptor tyrosine kinases. Conversely,
it has also been shown that many receptors such as
TNFα-receptor interleukin-receptor, EPO receptor, and
EGF receptor, preassemble in the absence of a ligand on
the cell surface. In these cases, it is proposed that the
clustering of receptor molecules escalates the affinity for
ligands and is a prerequisite for active receptor signaling.
RAGE consists of three immunoglobulin (Ig)
domains (one V type and two C type as C1 and C2 assigned
based on sequence homology) and a trans-membrane
spanning helix and one short cytoplasmic 'C' terminal.
The V and C1 domains are not independently present but
they integrated with each other and form constructive
unit of RAGE. The C2 domain is independently attached to
VC1 domain. The polypeptide of RAGE contains 550
amino acid residues, a maltotriose, 985 water molecules
and sulfate ion. The Ig domain 1 (23-118 residues) and
domain 2 (121-231 residues) are analysed crystallised
domains. The all three domains of RAGE are twisted by
forming 70˚ from their respective axis and resulting in a
140˚ angle. It has a rigid structure with hydrophobic
amino acid residues inside its interface.
We hypothesized existence of RAGE oligomers in
native form based on our initial studies.To address our
hypothesis, we did some initial docking studies. The
Molecular shape complementarity docking was
performed over PatchDock web server. The fasta
sequence of V domain and VC1C2 domain had been
retrieved. The models of V and VC1C2 domain were
constructed by the Swiss Model server and the PDB files
were downloaded. The PatchDock tool represents the
Connolly's surface of docking partners as concave, convex
and flat patches and matches them to generate candidate
transformations. The PatchDock-generated
transformations (protein dimer and oligomer) were
f u r t h e r re f i n e d by F i re D o c k to o b t a i n b e s t
transformations from each dockings. In total, 10
independent docking runs were performed with each
docking algorithm to evaluate the V domain-V domain
and V domain- VC1C2 domain binding potential
algorithm to evaluate the V domain-V domain and V
domain- VC1C2 domain binding potential (Fig. A&B).

Fig. 2. Size exclusion chromatography of V domain. X axis shows
the absorbance at 280nm UV light (mAU) and Y axis shows the
retention volume of protein eluted. The curve depicted with Red
line shows the flow of V domain of RAGE while protein through
the Blue line curve shows the flow of the buffer through GF
column. The first and lowest peak shows some dimerization
between two V domains, the second and highest peak shows
monomer concentration in the protein and the third peak shows
the artifacts.

Firedock results for both V domain- V domain
interaction and V domain – VC1C2 domain interaction
has shown highest negative binding energy. In the case of
V domain dimer model Cys residues on the 16th positon
of A chain of both the V domains are coinciding to each
other indicating that they may be involved in disulfide
bridge formation.
Further to this we will be characterising dimer
formation through different techniques and try to find
out if the initial dimer obtained till now is because of
cysteine or some other non-covalent interactions (Fig.2).

Future Plan
•

We believe one cysteine is involved with another
monomer and this way it leads to dimerization of
RAGE and further weak oligomer of dimer. RAGE
oligomerization will be charactrized extecively
under nonreducing and reducing conditions.

Publications
Original peer-reviewed research articles
•

Manigrasso MB, Pan J, Rai V, Zhang J, Reverdatto
S, Quadri N, DeVita RJ, Ramasamy R, Shekhtman
A, Schmidt AM. Small Molecule Inhibition of
Ligand-Stimulated RAGE-DIAPH1 Signal
Transduction. Sci Rep. 2016 Mar
3;6:22450.

Review articles

Fig.1. Ribbon diagrams of V and VC1 domains. RAGE protein
molecular-chain structure where the Cys residues are
highlighted with purple colour, a) Surface structure of the V
domain where the Cys residues are highlighted with purple
colour. b) The oligomer of V domain and whole RAGE or VC1C2
domain where the Cys residues are highlighted with purple
colour.
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•

Ray R, Juranek JK, Rai V*. RAGE axis in
neuroinflammation, neurodegeneration and its
emerging role in the pathogenesis of amyotrophic
lateral sclerosis. Neurosci Biobehav Rev. 2016.
62:48-55.

•

Pradhan N, Singh S, Ojha N, Shrivastava A, Barla A,
Rai V, Bose S*. Facets of Nanotechnology as Seen
in Food Processing, Packaging, and Preservation
Industry. Biomed Res Int. 2015;2015:365672.)
(*Corresponding author)
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Project A: NCoR1 repression generates tolerogenic dendritic cells resulting in modulation of T helper cell
differentiation into Tregs
Introduction / Background
Dendritic cells (DCs) are specialised antigen
presenting cells that upon encounter with a pathogen
activate a speciﬁc, robust and reproducible immune
response. They interpret the invading pathogen
signatures with pattern recognition receptors to trigger
major reprogramming in the expression patterns of
cytokines and co-stimulatory molecules. Conversely, in
the absence of infection, they exhibit strong tolerogenic
functions ensuring tolerance to self-antigens. Depending
on environmental cues and DC-derived factors, naive Tcells differentiate into different effector T cell subsets
(Th1, Th2, Th17, Treg) distinguished on the basis of their
cytokine secretion proﬁles. Biological processes are
controlled by differential gene expression changes, which
are mediated by site-specific DNA binding protein
complexes of which transcription factors (TFs) are the
core members. However, as immune cells receive a vast
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amount of stimulatory cues, it appears implausible that
TFs alone can integrate such a large number of regulatory
(immune) signals and mediate transcriptional regulation.
One of the important mechanisms that are well
characterized for nuclear receptor TFs is the recruitment
of transcriptional co-factors, i.e. co-regulators. Co-factors
or co-regulators are adapter-like proteins and each TF
can engage with a variety of these co-regulators to control
their target genes.
Nuclear receptor co-repressor NCoR1 was first
identified in complexes with unliganded nuclear
receptors (NRs). NRs are well characterized to regulate
their target genes through co-repressor to co-activator
switching in a ligand dependent manner. Interestingly,
several NRs (VDR, PPARγ, and RARα/β/γ) are expressed
in DCs and control their development and function,
implying that these TFs may exert their regulatory
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function through interactions with co-repressors such as
NCoR1 or SMRT. In addition, treatment of DCs with
natural and synthetic NR ligands modulates their antigen
uptake, cell surface markers, cytokine profile, and T cell
activating capacity. Recently, all-trans retinoic acid and
vitamin-D have been reported to regulate the reciprocal
balance of inflammatory and regulatory T cell
differentiation in mouse models of inflammatory bowel
diseases. Collectively, these data strongly suggest that
NCoR1 co-repressor plays an important role in
integrating extra-/ -intracellular signals in DCs through
their interaction with NRs.

Specific Aims
•

Characterize the role of nuclear receptor corepressor NCoR1 in DCs activation and
maturation process.

•

Identify the impact of co- repressor repressed DC
immune responses on T helper cell
differentiation.

•

Mechanistic insights into the control of DC
immune responses by NCoR1 employing
integrative genomics approach.

•

Identify the impact of NCoR1 immune response
perturbation in helminth infected mice model.

Work achieved in the current year
In the last years annual report, we showed that
knockdown of NCoR1 gene in CD8α+ DCs results in
significant changes in the expression of important
molecules necessary for DC immune responses.
Moreover we also performed the ChIP-seq and RNA-seq
experiments to identify the global genes regulated
directly and indirectly by NCoR1 co-repressor. Further in
the current year we validated the effects of NCoR1
perturbation in ex vivo DCs isolated from DC specific
conditional NCoR1 knockout (KO) and control mice.
Along with we also characterized the impact of NCoR1 KD
on CD4+ T helper cell differentiation. Ultimately we
generated a helminth infected mice model to ascertain
the impact of NCoR1 perturbed DC responses on
infection. The details of the results generated within this
financial year are presented below.
NCoR1 perturbation generates tolerogenic DCs
We previously showed that NCoR1 KD results in
more than 2 fold increase in the expression of IL10, IDO1,
PDL1, IL27 mRNA as compared to control KD cells. This
suggested toward modulation of DC immune response
toward tolerogenic phenotype. To further confirm the
tolerogenic behavior of these DCs we looked into the
protein expression of CTLA-4, PDL1, IDO1, IL27 and IL10
using FACS. We found that CpG stimulated NCoR1 KD cells
show a significantly increased expression of these
tolerogenic molecules as compared to control cells, that
are reported to convert DC immune responses into
tolerogenic response (Fig. 1A). To further confirm the
development of tolerogenic DCs by NCoR1 perturbation
we scanned these tolerogenic markers in CpG stimulated
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Fig. 1. NCoR1 perturbation generates tolerogenic CD8α+ DCs.
(A) FACS analysis of CpG stimulated NCoR1 KD CD8α+ DCs
showing increased expression of tolerogenic markers IDO1,
CTLA4, IL10, IL27 as compared to control KD cells (B) FACS
analysis showing the increased tolerogenic markers in CD8α+
DCs in splenocytes of CpG stimulated DC specific conditional
NCoR1 KO mice as compared to wild type mice.

splenocytes isolated from DC specific conditional NCoR1
KO and wild type mice. We found that NCoR1 KO CD8α+
DCs show similar increase in tolerogenic markers as
observed in CD8α+ DC line (Fig. 1B).
Effect of NCoR1 repressed CD8α+ DCs on T helper cell
differentiation
To identify the impact of NCoR1 mediated
immune responses on CD4+ T helper cell differentiation,
we isolated naive CD4+ T helper cells from spleen of OT-II
mice using MACS kit according to vendor recommended
protocol and co-cultured with stable NCoR1 KD and
control CD8α+ DCs with or without CpG stimulation.
After 5 days of co-culture the T cells were stimulated with
PMA-ionomycin along with brefeldin-A for 6h and
analysed by FACS for different T helper cell subtypes
(Tbet and IFNγ for Th1, GATA3 for Th2 and Foxp3, CD25
for Tregs). We found that the T cells cultured with NCoR1
KD cells show a significant decrease in Tbet transcription
factor and IFNγ cytokine expression whereas the
expression of CD25+ Foxp3 cells increased dramatically
(Fig. 2). The GATA3 expression showed a marginal
increase in NCoR1 KD condition as compared to control
(data not shown). The increased Treg generation is
marginal in unstimulated condition as compared to CpG
stimulation (data not shown). This confirms that NCoR1
KD CD8α+ DCs are tolerogenic in behaviour leading to
modulation of T helper differentiation into Tregs which is
normally towards Th1 type in control cells.
ChIP-seq and RNA-seq to identify the NCoR1 direct
and indirect target genes
We have optimized and performed ChIP
experiments for NCoR1 and SMRT and checked the
enrichment at selected genomic regions using qPCR to
confirm the enrichment (Data shown in last years
report). ChIP-seq libraries were prepared in house using
NEB ChIP-seq library preparation kit and send for NGS
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Fig. 2. NCoR1 perturbed CD8α+ DCs modulates T helper cell
differentiation into Tregs. FACS analysis of OT-II CD4+ T helper
cells cultured with NCoR1 KD CD8α+ DCs with and without CpG
stimulation showing a decrease in Th1 (Tbet and IFNγ) cells and
a corresponding increase in Treg cells marked as Foxp3+ cells.
Fig. 4. ChIP-seq for identifying the NCoR1 direct target genes. (A)
Bar diagram showing the direct and indirect NCoR1 regulated
(upregulated or down-regulated) genes in NCoR1 KD vs control
KD cells in unstimulated and CpG stimulated conditions, (B) DNA
motifs and their annotated TFs enriched in NCoR1 ChIP-seq data
in unstimulated condition, (C) DNA motifs and their annotated
TFs enriched in NCoR1 ChIP-seq data in CpG stimulated
condition.

Fig. 3. RNA-seq transcriptome profiling of NCoR1 KD and control
KD cells (A & B)) Scatter plot for unstimulated and CpG
stimulated NCoR1 KD vs control KD cells RNA-seq data. Log2
FPKM values are plotted and genes showing ≥ 2 fold change or ≤
2 fold change in mRNA expression are depicted as blue dots or
orange dots respectively, (C) IGV broser snapshots showing the
enrichment of NCoR1 binding at the tolerogenic genes IDO1 &
IL10 and a corresponding increase enrichment in CpG
stimulated NCoR1 KD RNA-seq as compared to control RNA-seq
data.

sequencing after confirming the quality of libraries. The
analysis of ChIP-seq data shows that NCoR1 binds to
large number of genomic regions suggesting its strong
involvement in control of DC immune responses. To
identify the differentially expressed genes at the global
level we also performed RNA-seq analysis of NCoR1 KD
and control KD DCs. Our preliminary analysis identified
that NCoR1 regulates the expression of important
cytokines, chemokine and co-stimulatory molecules
such as IDO1, IL10, IL27, IL12b, IL6, CCL2, IL2 etc (Fig. 3A
& 3B). IGV browser snapshot of two tolerogenic genes
IDO1 and IL10 is shown in fig. 3C showing the NCoR1
binding and direct regulation. The global analysis shows
that NCoR1 KD upregulates 381 genes and downregulates 352 genes in unstimulated condition whereas
in CpG stimulated condition there is an up-regulation of
1072 genes and down-regulation of 529 genes. This
clearly confirms that NCoR1 behaves as a co-repressor
(Fig. 4A). Further we overlapped the ChIP-seq data with
the RNA-seq data to identify the direct and indirect target
genes of NCoR1. We found that out of total regulated
genes 605 and 250 are directly regulated by NCoR1 in
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CpG and unstimulated condition respectively (Fig. 4A).
Moreover to identify the TFs recruiting the NCoR1 corepressor at the target genes we analysed the DNA motifs
underlying the NCoR1 bound regions from ChIP-seq data
in unstimulated and CpG condition using de novo mtoif
analysis algorithm of HOMER software. We found that
DNA motif for PU1, the pioneer TF of myeloid
differentiation is highly enriched along with other TFs
such as RUNX and BATF in unstimulated condition
whereas in CpG condition we found enrichment of
activation dependent TFs such as NFkB and ATF (Fig. 4B &
4C).
Impact of NCoR1 perturbed immune responses on
mouse model of helminth infection
After confirming that NCoR1 KD DCs become
tolerogenic it was pertinent to look into the impact of
these DCs into animal models. Therefore we generated a
helminth infection model in C57BL/6 mice using
Heligmosomoides Polygyrus helminths. The mice were
infected with the helminths at Day 0 before treatment and
then CpG stumulated or unstimulated NCoR1 KD and
control DCs were adoptively transferred IP to the infected
and control mice at Day 10. The helminth eggs were
counted before adoptive transfer of DCs. After adoptive
transfer the eggs were counted every 24h till 12 days. We
found that mice injected with CpG stimulated NCoR1 KD
cells showed dramatic increase in egg and worm load
after 48 hr of adoptive tranfer as compared to controls
(Fig. 5A). The increased egg and worm load maintained
till D4 and then subsided at D5. We gave the booster dose
of CpG stimulated NCoR1 KD and control DCs at day 10
after 1st adoptive transfer and found that within 12-24h
their is dramatic increase in worm load (Fig. 5A). We also
analysed the T helper cells isolated from mesentric lymph
nodes of treated and control mice and found that CpG
stimulated NCoR1 KD injected mice showed higher
number of Tregs as measured by increased Foxp3+GITR+
cells as compared to control mice (Fig. 5B & 5C). It has
been reported previously that increased Tregs result in
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Fig. 5. NCoR1 perturbed DCs enhances worm load in helminth infected mice. (A) Helminth egg and worm load in C57BL/6 mice before
and after adoptive transfer of CpG pulsed NCoR1 KD and control KD DCs at different days of infection, (B) FACS plot showing FOXP3
positive T helper cells after 48hr of adoptive transfer of CpG pulsed NCoR1 KD and control DCs, (C) FACS plot showing GITR+ positive T
helper cells after 48hr of adoptive transfer of CpG pulsed NCoR1 KD and control DCs.

increase of worm load in mice. This confirms that NCoR1
repressed DCs develop tolerogenic behaviour leading to
modulation of T helper cell differentiation toward T
regulatory cells (Tregs).

Publications
Original peer-reviewed research articles
•

Future Plan
•

•
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Identify the impact of NCoR1 perturbation in
autoimmune disease models using DC specific
conditional NCoR1 KO mice as compared to wild
type.
Validate the findings in human model system
using monocyte derived DCs from cell lines and
peripheral blood.

Sahu D, Raghav SK, Gautam H, Das HR. A novel
coumarin derivative, 8-methoxy chromen-2-one
alleviates collagen induced arthritis by down
regulating nitric oxide, NFκB and
proinflammatory cytokines. Int
Immunopharmacol. 2015 Dec;29 (2):891-900.

Review articles
•

Gupta B, Raghav SK. Single Cell Transcriptomics
for Autoimmune Disorders. J Mol Genet Med
2015, 9:191.
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Project A: Molecular biology of Chandipura Virus
Introduction / Background
Chandipura virus (CHPV) is an emerging
arbovirus of considerably under-estimated importance.
It was first isolated in Nagpur (1965) and has caused
multiple outbreaks of encephalitis in various parts of
India. It is spread by sandflies, and infects a wide range of
vertebrate and invertebrate cell lines and chick embryos.
It is an enveloped non-segmented negative-sense RNA
virus of family Rhabdoviridae. Fatality ranges from 55 to
77 %. Children below 15 years of age are more vulnerable
than adults. We intend to understand CHPV's
pathogenesis mechanism(s). Initially we will establish
protocols and develop reagents for study of CHPV
infection.

Specific Aims
•

Establish culture conditions and growth
parameters of CHPV in cell culture.

•

Develop anti-CHPV antibodies for use in future
studies.

•

Cloning of CHPV proteins for future studies.

Work achieved in the current year
1. CHPV strain I653514 was propagated in Vero cell
line. The cells were cultured in Dulbecco's
Modifed Eagle's Media supplementaed with 10%
Foetal calf serum and penicillin/streptomycin,
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and incubated at 37oC and 5% CO2. Extensive
cytopathic effect was observed by 24 hours post
infection (hpi) and viral samples (cell culture
supernatant) was collected at 48 hpi (Fig. 1). Viral
quantitation was done by plaque assay. Confluent
Vero cells in 6-well plates were infected with
increasing dilutions (10-1 to 10-9) of virus and
incubated for an hour. The supernatant was
discarded and the cells washed with growth
medium once, followed by addition of a semisolid media containing methyl cellulose, to limit
virus growth by cell-to-cell spread. 36 hours after
incubation, a fixative/staining solution
containing formalin and crystal violet was added
to fix and stain the cells. Two hours later the cells
were extensively washed with de-ionised water
and allowed to dry at room temperature. Small,
clear and discrete plaques were observed and
counted, to quantitate the viral yield as plaqueforming units (pfu)/ milliliter of virus (Fig. 2).
Viral replication kinetics study was conducted in
Vero cells. Confluent vero cells in 6-well TC plates
were infected with CHPV at various multiplicity of
infections. Supernatent was collected at various
time points (0, 6, 12, 18, 24, 36 hours post
infection) and stored at -800C till further
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Table 1: Epitopes used for raising antisera against CHPV proteins.

CHPV Protein

Epitope

Nucleocapsid Protein

EQRFVLNGKKFTKEKDSREDND

Phosphoprotein

LFGSGDSFEQYNQTGIYSLK

Matrix protein

DTLSELEPILNPVNFRDDRE

Glycoprotein

SIAFPENTKLDWKPVTKSTR
Fig. 4. PCR of CHPV Genes. For cloning in; 4a,f: pEGFPC1. 4b,g:
pEGFPN2. 4c,h: pCDNA4A without stop codon. 4d,i: pCDNA4A
with stop codon. 4e,j: pDONR221

processing. Virus quantification was done by
plaque assays in technical duplicates with each
time point. All experiments were performed in
triplicates. Currently work is ongoing to understand
the replication kinetics of CHPV in multiple cell lines
like HEK-293, HeLa and SHSY-5Y.

Fig. 1. Cytopathic Effect in CHPV-infected Vero Cells. 1a:
Uninfected Vero cells. 1b: Vero cells 6 hours post infection. 1c:
Vero cells 24 hours post infection. 1d: Vero cells 48 hours post
infection.

Fig. 2. CHPV Titration in Vero Cells by Plaque Assay. Top Panel 2ad: Plaques in Vero cells at varying dilutions of CHPV. Bottom
Panel 2e-f: Corresponding plaques at higher magnification. 2 a
and e: Virus dilution 10-4 . 2 b and f: Virus dilution 10-5. 2 c and
g: Virus dilution 10-6 . 2 d and h: Virus dilution 10-7.

Fig. 3. CHPV Protein Modelling. Selected epitopes are highlighted
in Red in the respective models.

48

2. Rabbit polyclonal antisera was raised against four
CHPV proteins namely; CHPV Nucleocapsid
protein (N), Phosphoprotein (P), Matrix protein
(M) and glycoprotein (G). Epitopes were designed
based on hydrophobicity profiles and confirmed
for surface availability by using 3D structure
reconstruction, with help from Dr. Anshuman
Dixit. 3D structures for all the four CHPV proteins
were prepared and epitopes selected (Table 1).
Models of viral proteins were made using
homology modelling approach (Fig 3). The amino
acid sequences of selected proteins were
searched against homologs in protein data bank
using program blast to identify suitable
templates for protein structure modelling.
Sequence alignment between the individual
targets and templates was done using ClustalW.
Homology modeling was done using software
Modeller9.16. Modeller uses satisfaction of
spatial restraints for homology modeling. It ranks
the generated model by a so called molecular
probability density function score (molpdf
score). In the current study, ten homology models
for each of the protein were generated using
default settings in Modeller. The best model for
each protein was selected using lowest molpdf
score. The stereo-chemical accuracy of each of the
selected model was checked using Procheck NT. It
was observed that most of the residues (>90%),
for each of the protein model, were found in the
allowed region of the Ramachandran plot. The
selected epitopes were synthesized and rabbits
inoculated for antisera production by Abgenex,
Bhubaneswar. The antisera will be tested and
standardized by western blotting and
immunofluorescence.
3. Total RNA was isolated using Trizol from Vero
cells infected with CHPV at 24 hpi, and used to
generate cDNA using Protoscript II cDNA
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Table 2: Primers used for cloning CHPV genes.

Sl No

CHPV Gene

Vector

Primers

1

M

pEGFPC1

Forw: gtgtctcgagctatgcaacgtctgaa gaagtttatag
Rev: gtgtggtacctcaatgactcttagaaatcagccatg

2

M

pEGFPN2

Forw: gtgtctcgaggccaccatgcaacgtctgaagaagtttatag
Rev: gtgtggtaccgatgactcttagaaatcagccatg

3

M

pCDNA4A

Forw: gtgtggtaccgccaccatgcaacgtctgaagaagtttatag
Rev: gtgtctcgagatgactcttagaaatcagccatg

4

M

pCDNA4A

Forw: gtgtggtaccgccaccatgcaacgtctgaagaagtttatag
Rev: gtgtctcgagtcaatgactcttagaaatcagccatg

5

P

pEGFPC1

Forw: gtgtctcgagctatggaagactcgcaactgtatc
Rev: gtgtggtacctcaattgaactggggctcaagatg

6

P

pEGFPN2

Forw: gtgtctcgaggccaccatggaagactcgcaactgtatc
Rev: gtgtggtaccgattgaactggggctcaagatgac

7

P

pCDNA4A

Forw: gtgtggtaccgccaccatggaagactcgcaactgtatc
Rev: gtgtctcgagattgaactggggctcaagatgac

8

P

pCDNA4A

Forw: gtgtggtaccgccaccatggaagactcgcaactgtatc
Rev: gtgtctcgagtcaattgaactgggctcaagatg

9

P

pDONR221

Forw: ggggacaagtttgtacaaaaaagcaggc
ttgatggaagactcgcaactgtatcaag
Rev: ggggaccactttgtacaagaaagctgg gtatcaattgaactggggctcaagatg

10

M

pDONR221

Forw: ggggacaagtttgtacaaaaaagcaggcttgatg
caacgtctgaagaagtttatag
Rev: ggggaccactttgtacaagaaagctgggta
tcaatgactcttagaaatcagccatg

synthesis kit (NEB). CHPV M and P ORFs were
amplified by PCR (Fig 4 ) using specific primers
(Table 2) and cloned to vectors to generate viral
proteins (both M and P), with a N-terminal GFP
tag (pEGFPC1), a C-terminal GFP tag (pEGFPN2),
a C-terminal myc tag (pcDNA4A) and with a
terminal stop codon to generate proteins with no
tags (pcDNA4A). The inserts were confirmed by
restriction enzyme digestion and sequencing and
the expression confirmed by transfecting
HEK293T cells followed by immunofluorescence.

Future Plan
•

Study of viral life cycle in multiple infected cell
lines will be performed including viral growth
kinetics by plaque assay, viral RNA kinetics by QPCR, kinetics of expression of multiple viral
proteins by western blotting and evaluation of
localization of viral proteins in infected cells by
immunofluorecent imaging. Focus will be on
human and murine neural cell lines. Studies will
be designed to explore viral hijacking of cellular
pathways such as secretory pahway, nuclear
mRNA export, innate immune signaling, viral
modification of general host transcription and
translation, apoptosis, autophagy and cell cycle
regulation.
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Project B: Identification and characterization of
cellular and viral protein-protein interactions
involved in CHPV lifecycle.
Introduction/Background
CHPV genomic RNA has a 49 nt leader (L)
sequence followed by five viral genes separated by
intragenic spacer regions and bounded by a 46 nt trailer
(T) sequence (3' L-N (nucleocapsid)-P
(phosphoprotein)-M (Matrix protein)-G (glycoprotein)-L
(RNA dependent RNA polymerase-T 5'). N protein
encapsidates genome forming the helical nucleocapsid
which associates with L and P-proteins forming the
Ribonucleoprotein particle (RNP). M protein links RNP to
the viral envelope studded with the G protein which acts
as the attachment and fusion protein. Little is known
about cellular proteins that interact with CHPV proteins
and play a role in its pathogenesis.

Specific Aims
•

To identify cellular proteins that interact with the
Matrix (M) protein and the Phosphoprotein (P) of
CHPV.

•

To investigate the functional relevance of such
PPIs in viral lifecycle.
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Work achieved in the current year
Large-scale protein-protein interaction studies
were initiated using Proquest yeast two hybrid system
(Y2H) system (Invitrogen), using bait proteins developed
using cDNA from viral-infected cells, to identify viral-host
protein interactions in an infected cell-milieu. Total RNA
was isolated using Trizol from Vero cells infected with
CHPV at 24 hpi, and used to generate cDNA using
Protoscript II cDNA synthesis kit (NEB). CHPV M and P
ORFs were amplified by PCR (Fig 4) using specific
primers (Table 2). PCR was done using the Q5
thermostable DNA polymerase kit (NEB). The reaction
was denatured for 30 seconds at 980C. This was followed
by 30 cycles of denaturation at 980C for 5 seconds,
annealing for 20 seconds at 60-690C depending on
primers used and extension for 10 seconds at 720C,
followed by a final extension for 2 minutes at 720C, and
rapid cooling and holding at 40C. Using Gateway cloning,
M and P PCR products were cloned into pDONR221
vector to generate entry plasmids. The constructs were
sequenced to confirm sequence fidelity. Using Gateway
cloning, each (M and P) entry clone were used to generate
Bait (having GAL4 DNA binding domain) and Prey
(contain GAL4 activation domain) plasmids by cloning
into pDEST32 and pDEST22 vectors respectively. The
constructs were sequenced to confirm sequence fidelity.
The expression plasmids were individually transformed
into the yeast strain MaV203 using the yeast
transformation kit (Sigma). MaV203 contains single
copies of each of three reporter genes (HIS3, URA3 and
lacZ) stably integrated at different loci in the yeast
genome. Their promoter regions are unrelated except for
the presence of GAL4 binding sites. Induction of the HIS3
and URA3 reporter genes by two-hybrid-dependent
transcriptional activation allows cell growth on plates
lacking histidine or uracil, respectively. Induction of the
lacZ gene results in a blue colour when assayed with Xgal. Two-hybrid-dependent induction of URA3 results in
conversion of the compound 5-fluoroorotic acid (5FOA)
to 5-fluorouracil, which is toxic. Hence, cells containing
interacting proteins grow when plated on medium
lacking uracil, but growth is inhibited when plated on
medium containing 5FOA. The control plasmids provided
with the Proquest Yeast two hybrid system were used for
standardizing the assays and getting familiarized with
this system before performing a forward yeast two hybrid
screen. The control plasmids are based on the interaction
of Krev1 (Rap1A; a member of the Ras family of GTP
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binding proteins) with RalGDS (the Ral guanine
nucleotide dissociator stimulator protein. The RalGDS
mutant RalGDS-m1 interacts weakly with Krev1 and the
RalGDS mutant RalGDS-m2 does not interact with Krev1.
pDEST32 and pDEST22 were used as negative controls
for bait and prey plasmids respectively. The bait plasmids
were transformed into MaV203 yeast strain together
with pDEST22 to test for baseline negative activation. The
bait plasmids (CHPV M and CHPV P in pDEST32) were
individually tested for baseline conditions to use for
cDNA library screening, to test for self-activation and
determine the proper concentration of 3-amino-triazole
(3AT) to suppress self-activation at the HIS3 gene. To test
the bait (GAL4 DBD fusion) for nonspecific activation, we
assessed the extent of self-activation on the reporter gene
HIS3 by determining the concentration of HIS3 inhibitor
3AT necessary to repress growth. To maximize sensitivity
of the HIS3 reporter gene, the MaV203 strain already
expresses a basal level of HIS3. Additionally, bait proteins
often contain a certain level of transcriptional activity
which is enough to initiate some transcription at the most
sensitive reporter in the system, HIS3. HIS3 encodes an
enzyme involved in histidine biosynthesis, which can be
specifically inhibited in a dose-dependent manner by 3Amino-1,2,4-Triazole (3AT). By determining the
threshold of resistance to 3AT and including that
concentration of 3AT in plates lacking histidine, even
slight increases in HIS3 reporter gene expression are
detected, which enhances the likelihood of detecting
weak protein:protein interactions. The bait plasmid(s)
along with the control plasmid(s) were transformed into
MaV203 yeast and then plated on SC-Leu-Trp-His
(Synthetic Complete medium lacking leucine, tryptophan
and histidine) plates with varying concentrations of 3AT
(10mM, 25 mM, 50 mM, 75 mM, 100 mM). The 3AT
concentration required for efficient HIS3 inhibition was
thus obtained.

Future Plan
•

cDNA library will be prepared from CHPVinfected human neural cell line, which will be
used to make a cDNA library in both pDEST22 and
pDEST32 vectors, which will be used to screen for
interactors using corresponding M and P
destination vectors. After potential interactors
are identified, the interaction will be confirmed
using Co-immunoprecipitation and colocalization by immunofluorescence and confocal
imaging. The physiological role of such
interactions will be further studied using RNA
interference and appropriate viral mutants.
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Project A: Post translational modification of ERRβ regulates the transcriptional activity of its target
genes
Introduction / Background
Posttranslational modification plays an
important role in the regulation of genes. Like most of the
proteins ERs and ERRs are acetylated endogenously. The
orphan nuclear receptor ERRβ shares great portions of
amino acid sequence ERs. ERRβ plays a crucial role in the
embryonic, placental, brain and mammary development.
Interestingly ERRβ is also expressed in the primordial
germ cells. ERRβ reprogrammed cells shows the similar
expression and epigenetic futures as embryonic stem
cells. However research on ERRβ is in infancy, having this
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information as a background we hypothesize that the
acetylation may modulate the transcriptional activity of
ERRβ target genes.

Specific Aims
•

Elucidating the role of post translational
modifications of estrogen related receptors
(ERRs) in the regulation of its target genes.

•

Identifying the role of ERRβ in cell migration,
proliferation in breast cancer cells.
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Work achieved in the current year
Estrogen related receptors are a group of
transcription factors which shows sequence similarity to
Estrogen receptors and shares the target genes. As ERRs
show sequence similarity and shares target genes they
show similar kind of properties with ERs. Estrogen
receptors and estrogen related receptors undergo post
translational modification (PTM) to perform various
activities. ERRs recognize a sequence TNAAGGTCA
termed as ERRE sequence and binds to the promoter
which is bearing the ERRE site. The DNA binding domain
of estrogen receptor α get acetylates and regulates the
transcriptional activity of its target genes, similarly
estrogen related receptor γ get acetylates in the DNA
binding domains and regulated the transcriptional
activity of its target genes. ERRs play an important role
not only in breast cancer but also in most of the cancers. In
our recent studies we found that estrogen related
receptor β also get acetylates in the similar way at DNA
binding domain and it regulates the transcriptional
activity of its target gene SIRT1 and TFF1 which are well
known target genes of ERα. ERRβ get acetylates in ER+ve
cell line Mcf7 as well as ER-ve cell line MDA-MB 231;
hence acetylation of ERRβ is a global phenomenon. ERRβ
regulates the transcriptional activity of its target genes by
binding to the ERRE site present in the upstream region of
promoter. SIRT1 a classIII hdac can deacetylases histones
as well as non-histone proteins such as ERα, P53 etc.
SIRT1 deacetylases P53 a key molecule in cell division
and cell proliferation. P53 deacetylation results
unbalance in the cell which may leads to cancer. Studies
suggest that SIRT1 plays an important role in various
cancer progressions and involves in EMT. In-vitro binding
assay states that ERRβ binds to promoter region of SIRT1

through ERRE sites which are present in the upstream
region of the promoter and plays crucial role in the
regulation of target gene i.e; SIRT1 expression (Figure
1A). Although SIRT1 can also get regulated by ERα
through binding to the ERE sites which are situated on the
upstream region of the promoter, we hypothesize that
there will be a competition in between ERRs and ERs in
the binding and the regulation of common target genes.
However the role of ERRβ in the regulation of SIRT1 in ERve cell lines has to be examined properly. In-vivo and invitro binding assay results were in agreement with each
other. SIRT1 inhibitors may acts as potential drugs for the
treatment of various cancers. In our study we found that
upon the treatment of SIRT1 inhibitors the binding
efficacy of ERRβ has been altered significantly (Fig.1B)
and the promoter activity of SIRT1 has been up regulated
(Fig.2). In our recent studies up regulation of SIRT1
transcriptional activity upon the ectopic expression of
ERRβ and the treatment of SIRT1 inhibitors has been
observed, these results were in agreement with our
previous results which showed up-regulation of SIRT1
upon the co transfection ERRβ and PCAF. PCAF is a
histone acetylating molecule (HAT) which acetylates
histones as well as non-histone molecules such as ERRγ.
This finding suggest that upon the inhibition of SIRT1 a
hdac keeps ERRβ in acetylation state, this gives a positive
insight that SIRT1 might be involving in the deacetylation
of ERRβ.

Future Plan
•

As SIRT1 is playing important role in EMT and
getting regulated by ERRβ we have to elucidate
the role of ERRβ in EMT.

Fig.1. (A)In-vitro binding assay reveals that ERRβ binds to the promoter region of SIRT1. (B) In-vivo binding assay reveals reduction
of ERRβ binding efficacy on sirt1 promoter upon the treatment of Sirt1 inhibitors
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Fig.2. Relative luciferase assay co-transfection studies suggest that promoter activity of SIRT1 upon the treatment of SIRT1 inhibitors
has been up regulated.

Project B: Role of EZH2 in Nicotine mediated
increased breast cancer risk
Introduction/Background
Nicotine induced deregulation of genes
associated with cancer progression has been frequently
studied in lung, head and neck tumors; evidences suggest
its close association with increased breast cancer risk. At
the same time epigenetic approach to the cancer has been
proved to be very promising in revealing the possible
factors of unresolved altered gene expression. Various
histone modifications such as methylation determine
gene expression, genomic instability, stem cell
maturation, cell lineage development and cell mitosis.
Our study shows that one of the epigenetic inhibitor, 3DeazaneplanocinA (DZNepA) has potential to inhibit
nicotine mediated increased cancer progression in
aggressive breast cancer cells.

Specific Aims
•

Check the role of EZH2 if any in nicotine mediated
increased breast cancer risk.

Work achieved in the current year
Differential expression of EZH2 & nicotinic
acetylcholine receptor alpha 9(nAChRα9) in breast
cancer subtypes. Previously the expression of EZH2 has
been found to be deregulated in breast cancer. Also the
overexpression of nAChRα9 has been shown in human
breast epithelial cells. To find whether there is a
difference in the expression of both in estrogen receptor
negative and positive breast cancer subtypes, we checked
the expression level of EZH2 and nAChRα9 in estrogen
receptor positive breast cancer cells MCF-7 & T47D, and
estrogen receptor negative breast cancer cells MDA-MB231 & MDA-MB453. As evident from the (Fig. 3A),
expression of nAChRα9 is more in estrogen receptor
negative breast cancer cells; expression of EZH2
following the same pattern. Similarly, quantitative RTPCR data showed the same trend of mRNA expression
level of both nAChRα9 in both types of breast cancer cells
(Fig. 3B).
The expression of polycomb group protein EZH2 gets
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up-regulated upon Nicotine treatment. Studies show
that nicotine treatment results in down-regulation of
miR-101, a repressor of EZH2. Also enhanced expression
of EZH2 has been observed in many cancer cells. So we
wanted to explore if EZH2 has any role in nicotine
mediated increased breast cancer risk. As shown in Fig. 4.
A, B in triple negative breast cancer cells MDA-MB-231
and MDA-MB-453 upon nicotine treatment, ezh2
expression is significantly enhanced. Polycomb group
protein EZH2 is a co-repressor which represses its target
genes by tri-methylating at H3K27. The enhanced
expression of polycomb group protein was confirmed by
checking the expression of EZH2 upon treatment of
bupropion, a nicotine inhibitor (Fig. 4C, D). These results
showed that EZH2 might have some role in nicotine
mediated enhanced cell proliferation, migration,
invasiveness and thus in increased risk of breast cancer
tumorigenesis.
DZNepA restricts the nicotine-mediated increased
cell viability, growth and proliferation in MDA-MB231 aggressive breast cancer cells. The antiproliferative effect of DZNepA was examined in MDA-MB231 triple negative breast cancer cells. Nicotine was
found to induce an increase in cell viability in a dose
dependent manner DZNepA at 1 µM concentration
significantly reduced the nicotine-mediated dose
dependent increase in cell viability (Fig. 5A). Breast
cancer cells co-treated with nicotine as well as DZNepA
proliferated at a lower rate as compared to the cells
treated with nicotine alone (Fig. 5B). The number of CFSE
stained cells decreased exponentially in nicotine treated
cells which was significantly reduced upon DZNepA
treatment. The results suggested that DZNepA treatment
results in reduced cell proliferation in nicotine treated
cells. A slow growth was observed in DZNepA treated
breast cancer cells when compared with nicotine treated
cells. As shown in Fig. 5C (I), in absence of DZNepA, the
MDA-MB-231 cells grew at a higher rate when treated
with varying concentration of nicotine. While in presence
of DZNepA, the growth of breast cancer cells were found
to be retarded (Fig. 5C (II)) at all the three time points.
Nicotine has been shown to promote cell growth as well as
increased tumorigenesis. So experiments were carried
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Fig.3. Both EZH2 and nicotinic acetylcholine receptor α-9 (nAChRα-9) are upregulated in breast cancer cells. A. Immunoblot for EZH2
and nAChRα-9 in both estrogen receptor (ER) positive and negative breast cells shows that EZH2 protein is elevated more in ER negative
breast cancer cells when compared with the ER positive breast cancer cell lines, nAChRα-9 following the same trend. B. Quantitative RTPCR showed the expression level of EZH2 and nAChRα-9 in breast cancer cells

Fig.4. Nicotine induces increase of EZH2 expression in MDA-MB-231 breast cancer cells. A, B(I, II). Immunoblot against EZH2 in nicotine
(10µM) treated estrogen receptor negative breast cancer cells MDA-MB-231 and MDA-MB-453. C, D Upregulated EZH2 expression upon
nicotine treatment was confirmed by checking the alteration if any, in EZH2 protein/RNA level upon co-treatment of nicotine and its
inhibitor Bupropion.
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Fig.5. DZNepA reduces nicotine-mediated increased cell growth and proliferation in aggressive breast cancer cells. A. Cell viability assay
using MTT to see the effect of DZNepA on nicotine mediated increased cell viability in MDA-MB-231 aggressive breast cancer cells. The
cell viability was expressed relative to control. Statistical difference was calculated by student t-test between nicotine and co-treatment
of nicotine and DZNepA samples (p<0.0001). B. CFSE assay showed the decrease in loss of CFSE in nicotine treated MDA-MB-231 cells
upon DZNepA treatment. CFSE stained cells were quantified with the help of flow cytometry C (I,II). Cell growth assay in MDA-MB-231
breast cancer cells treated with nicotine only or co-treated with DZNepA at three different time points.

out to explore if DZNepA can reduce nicotine-mediated
enhanced cell viability and thus leading to reduced
growth. These results showed that DZNepA reduces the
growth of aggressive breast cancer cells effectively. To
further check the effect of DZNepA treatment on
increased cell proliferation rate upon nicotine treatment,
colony forming assay was carried out. Upon nicotine
treatment, enhanced proliferation rate was observed.

Future Plan
•

Check the effectiveness of DZNepA on long term
nicotine treated breast cancer cells.

•

Explore the possible molecular basis for
increased EZH2 expression upon nicotine
treatment.

•

Check if DZNepA has the potential of reducing
Nicotine mediated enhanced in-vivo Tumor
Growth and Tumorigenicity.

INSTITUTE OF LIFE SCIENCES

Publications
Original peer-reviewed research articles
•

Dipti Ranjan Mishra, Sanjib Chaudhary, B. Madhu
Krishna and Sandip K. Mishra*. Identification of
critical elements for regulation of inorganic
pyrophosphatase (PPA1) in MCF7 breast cancer
cells.PLoS ONE(2015) 10(4): e0124864.

•

S Chaudhary, B Madhukrishna, A K Adhya, S
Keshari and S K Mishra* Overexpression of
caspase 7 is ERα dependent to affect proliferation
and cell growth in breast cancer cells by targeting
p21Cip Oncogenesis (2016) 5, e219.

•

S Chaudhary, B Madhukrishna and S K Mishra* A
novel FOXA1/ESR1 interacting pathway: a study
of Oncomine breast cancer microarrays' analyzes
gene. Oncology Letters, 2016 (In Press).
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Project A: Functional analysis of ars gene cluster of Pannonibacter indicus strain HT23T (DSM 23407T)
and identification of a proline residue essential for arsenate reductase activity
Introduction / Background
Ubiquitous presence of arsenic in environment
has driven the emergence of detoxification mechanisms
in microorganisms. It has been demonstrated that three
essential components are required for arsenic resistance
viz., arsenate reductase (ArsC), arsenite efflux pumps
(Acr3, ArsB) and a trans-acting transcriptional
regulator/repressor (ArsR) (Meng et al. 2004; AchourRokbani et al. 2010) that are present in ars operons
carried on plasmid or chromosome of different bacteria.
We describe the functional analysis of ars gene cluster of a
highly arsenate resistant bacterium Pannonibacter
indicus strain HT23T. Site directed mutagenesis study
revealed Pro94 is essential for arsenate reductase activity
in P. indicus.

Specific Aims
•

Functional characterization of Ars gene cultures
of Pannonibacter indicus.
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Work achieved in the current year
Arsenic is a naturally occurring ubiquitous highly
toxic metalloid. In this study, we have identified ars gene
cluster in Pannonibacter indicus strain HT23T (DSM
23407T), responsible for reduction of toxic pentavalent
arsenate. The ars gene cluster is comprised of four nonoverlapping open reading frames (ORFs) encoding a
transcriptional regulator (ArsR), a low-molecular weight
protein-tyrosine phosphatases (LMW-PTPase) with
hypothetical function, an arsenite efflux pump (Acr3) and
an arsenate reductase (ArsC). Heterologous expression of
arsenic inducible ars gene cluster conferred arsenic
resistance to E. coli ∆ars mutant strain AW3110. The
recombinant ArsC was purified and assayed. Site-directed
mutagenesis was employed to ascertain the role of
specific amino acids in ArsC catalysis (Fig.1). Pro94X
(X=Ala, Arg, Cys and His) amino acid substitutions led to
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Fig.1. Differential expression of arsC and acr3 genes determined by qRT-PCR. (a) Elevated level of expression at sub inhibitory
concentrations (0.5 mM arsenite and 25 mM arsenate). (b) Level of expression for arsC and acr3 genes with increasing concentrations of
Arsenate (from 5, 25, 50 to 100 mM). Each bar represents the mean ± standard deviation from three separate experiments.

availability to the inhabiting bacteria. Several bacterial
strains has been isolated from corals collected from
Andaman Sea. This study has proposed the
characterization of the strains and deciphering its biofilm
lifestyle either of single or multispecies. Further, marine
isolates was screened for its anti-biofilm activity against
pathogenic biofilm forming strain, Staphylococcus aureus.
The active anti-biofilm compound to be purified and
characterized.

Specific Aims

Fig.2. Comparison of CD spectra at 25oC the wild type and
Pro94X mutants. Spectra was generated at far UV (190-260 nm)
range. Filled circle, Wildtype; filled triangle, Pro94Ala; empty
triangle, Pro94Cys; empty diamond, Pro94His; filled inverted
triangle, Pro94Arg

enzyme inactivation. Circular dichroism spectra analysis
suggested Pro94 as an essential amino acid for enzyme
catalytic activity as it is indispensable for optimum
protein folding in P. indicus Grx-coupled ArsC (Fig. 2).
Taken together, results confirmed the presence of a
functional ars operon in P. indicus. Coexistence of a
putative Trx and Grx- coupled arsenate reductases in
same ars gene cluster is unique. These reductases along
with Acr3 may contribute towards high arsenate
tolerance in P. indicus.

Future Plan
•

Attempts to be made to use Pannonibacter indicus
strain HT23 T as a model organism for
development of whole cell biosensor.

•

Screening for anti-biofilm activity of isolated
marine bacteria.

•

Characterization of anti-biofilm compounds.

Work achieved in the current year
Anti-biofilm activity of strain S1-19 has been
primarily observed taking supernatant of the grown
cultures. 24 hrs grown cultures were centrifuge and the
supernatant was filter sterilized and checked for
antibiofilm activity, using crystal violet staining, against S.
aureus (ATCC 43300) biofilm. Supernatants used from
strain S1-19 (5%v/v) and applied to S. aureus showed
decrease in its biofilm formation on both 96 well
microtiter plate (Fig. 3) and glass slides (data not shown).
Moreover, the supernatant had no effect on the growth of
S. aureus (data not shown) that indicates no bactericidal/
bacteriostatic effect. For confocal microscopy, biofilms
were grown in 8 well chamber slides for 24 hrs and
stained with BaclightTM ;viewed using Leica Sp5 system at
40X mag. Z-stacks images ( 1um interval) of 7 different
area from each chamber (n=14) were taken for each
strain. Orthagonal view of the images showed decrease in

Project B: Studies on biofilm lifestyle and antibiofilm activity of marine bacteria isolated from
Andaman Sea
Introduction/Background
In marine environment, surfaces are quickly
colonized by bacteria with the help of biofilm, sometimes
termed as micro fouling. It provides protection from
environmental insults and assaults along with nutrient
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Fig.3. Effect of S1-19 supernatant (5% v/v) on S .aureus biofilm
grown on (a) 96 well microtiter plate (b) glass slides
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and topA of 58 species. This study evaluates the diversity
of newly isolated Vibrios, either from seawater or
associated with marine invertebrates (i.e. lobsters and
corals) from Andaman Sea. Multilocus sequence analysis
has proposed seven new clades to accommodate these
isolates in the phylogenetic tree.

Specific Aims
•

Multilocus sequence typing and pulsed-field gel
electrophoresis to determine the genetic
diversity of vibrios.

Work achieved in the current year

biofilm formation in treated sample compared to control
(Fig. 4). Analysis of z stack confocal images using PHLIP
software showed significant reduction in biovolume and
thickness of treated biofilm (Fig .5).

An extensive MLSA study were performed where
8 housekeeping genes namely ftsZ, gapA, gyrB, mreB,
pyrH, recA, rpoA, topA of 38 isolates along with different
type species were analysed. In the split tree, all strains
were found to form coherent clusters each representing
one clade (Fig.6). Significant phylogenetic resolution
were obtained in MLSA analysis that further supports
earlier observation made by Sawabe et al. (2007). In
comparison with earlier described clades by Sawabe et al.
(2007), it was found that clade Harveyi and Splendidus are
subdivided into small cluster that illuminate the
possibility of revisiting those clades. In order to
accommodate 38 isolates of Vibrios, 5 and 2 new clades
are proposed to update clade Harveyi and Speldidus
respectively. Based on current observation, clade Harveyi
may be divided into five clades namely Azureus, harveyi,
Alginolyticus, Netriegens and Mytili. Similarly, clade
Speldidus may be subdivided into two clades namely
Pelagius and Spelndidus. Among the newly described
clades, clade Alginolyticus, Netriegens and Mytili is
defined as orphan clade at present as it represent single
type species. Interestingly no isolates were found to
represent clade Mytili.

Future Plan

Future Plan

Fig.4. (a) Orthogonal view of control and treated MRSA biofilm
(b) 3-D reconstruction of the biofilm using ImageJ.

Fig.5. PHLIP analysis of S1-19 sup treated and untreated
(control) MRSA biofilms (a)Thickness (µm). (b) Biovolume (µm3
*1000)

•

Purification and characterization of active
antibiofilm compound.

•

Study of multispecies biofilm interactions from
coral associated bacteria

Project C: Multilocus sequence typing and pulsedfield gel electrophoresis to determine the genetic
diversity of vibrios isolated from Andaman Sea
and proposal of seven new clades

•

Publications
Original peer-reviewed research articles
•

Saumya Bandyopadhyay and Subrata K. Das.
Functional analysis of ars gene cluster of
Pannonibacter indicus strain HT23 T (DSM
23407T) and identification of a proline residue
essential for arsenate reductase activity. Applied
Microbiology and Biotechnology. 2016. 100:
3235-3244. doi. 10.1007/s00253-016-7390-2.

•

Kamal Deep, Abhijit Poddar and Subrata K. Das.
Cloning, overexpression and characterization of
h a l o s t a b l e , s o lve n t t o l e ra n t n o ve l β endoglucanase from a marine bacterium
Photobacterium panuliri LBS5T (DSM 27646T).
Applied Biochemistry and Biotechnology. 2015.
178: 695-709.doi:10.1007/s12010-015-1903-9.

Introduction/Background
Vibrios are Gram-negative curved rods belong to
the domain bacteria, phylum Proteobacteria, class
Gammaproteobacteria, family Vibrionaceae that were
fo u n d u b i q u i to u s ly i n a q u a t i c e nv i ro n m e n t .
Identification of Vibrios based on 16S rRNA sequence
phylogeny is also difficult because some of the strains
share almost 100% sequence similarity (Thompson et al.
2007). Looking into the problem of classification, MLSA
method was proposed based on sequence of nine gene
16S rRNA gene, gapA, gyrB, ftsZ, mreB, pyrH, recA, rpoA,
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Phylogenetic and evolutionary relationship of the
different class of bacteria isolated from marine
niche to be continued.
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Fig.6. Determination of phylogenetic relatedness 38 isolates along with type strains using MLSA analysis with 8 housekeeping genes

•
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Jhasketan Badhai, Tarini Shankar Ghosh and
Subrata K Das. Taxonomic and functional
characteristics of microbial communities and
their correlation with physicochemical

properties of four geothermal springs in Odisha,
India. Frontiers in Microbiology.2015 6: 1-15.
doi: 10.3389/fmicb.2015.01166.
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Project A: Plant-derived SAC domain of PAR-4 (Prostate Apoptosis Response 4) exhibits growth
inhibitory effects in prostate cancer cells.
Introduction / Background
Prostate cancer is the second most common
cause of cancer and the sixth leading cause of cancer
death among men worldwide. Prostate apoptosis
response-4 (Par-4) protein is capable of promoting
apoptosis in cancer cells and causes regression of tumors
in animal models. The SAC domain of Par-4 is effective in
inducing apoptosis in cancer cells. Overexpression of Par4 or SAC domain induces apoptosis in different cancer cell
lines but does not kill normal cells in cell culture studies.
We reported the expression of SAC-Par-4-GFP in
transgenic tobacco plants.

Specific Aims
•

Molecular farming of SAC-Par-4 in plants

Work achieved in the current year
Analysis of transgenic tobacco plants
GFP-integration in all ten independent pKM24GFP and pKM24-SAC-Par-4-GFP T2 transgenic plants was
confirmed by GFP (250 bp) amplification using PCR as
described earlier (Figure 1A). Further, we detected
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enhanced GFP protein accumulation in the transgenic
lines L1, L2, L3, L6, L7 and L10 (Fig.1B). Independent
transgenic lines L2, L3, L5 and L6 were selected for
further analysis. In this study, wild-type plants and the
vector control-GFP plants were used as controls.
Furthermore, we confirmed the integration of
183 bp long SAC-Par-4 in L2, L3, L5 and L6 transgenic
pKM24-SAC-Par-4-GFP plant but not in pKM24-GFP (VC)
plant (Fig.3A). We also demonstrated integrations of
different components of expression cassette by PCRamplification of rbcSE9 and nptII in the above plant lines
(Figure 1C).
Plant-derived SAC-Par-4-GFP inhibited cell growth,
induced apoptosis in vitro and delayed the onset of
tumour growth in vivo
The biological activity of plant-derived partially
purified SAC-Par-4-GFP from L3 line was determined by
MTT assay on PC3, MAT-LyLu and LNCaP cell lines at
different concentrations (10, 20, 30, 40, 50, 60 μg/ml) for
48 h as described earlier. The viability of PC3 and MAT-
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Fig. 1: (A) PCR amplification of GFP (250 bp) using genomic DNA
isolated from 10 independent transgenic plants (T2 generation)
expressing SAC-Par-4-GFP, vector control (VC) plant and wildtype plant; (B) The GFP protein concentration (expressed as µg
GFP/mg protein) was measured in total soluble protein of
transgenic and wild-type plants using Turner Biosystems
Luminometer at GFP-UV module. Error bars indicate the
standard deviation of readings from five different plants of each
line (three readings per plant). (C) PCR amplification of different
genes viz. SAC-Par-4 (i); rbcSE9 (ii) and nptII (iii) from transgenic
lines VC, L2, L3, L5 and L6 on 1.5% agarose gel.

LyLu cells were reduced with increasing concentration of
SAC-Par-4-GFP protein, and maximum cell death was
observed upto 63% and 66% respectively at 60 μg/ml
concentrations (Fig. 2A). Further, the IC50 values were
found to be 43 μg/ml and 50 μg/ml for PC3 and MAT-LyLu
cells, respectively. However SAC-Par-4-GFP exhibited
maximum 10-15% growth inhibition in LNCaP cells. On
the other hand, the protein obtained from pKM24-GFP
(VC) showed no cytotoxic effect at 100 μg/ml
concentration. In parallel, we observed plant-derived
SAC-Par-4-GFP exhibited no cytotoxicity on HEK293 cell
line, which is non-cancerous in nature (Fig. 2A).
We performed Annexin V-FITC/PI staining to
investigate whether SAC-Par-4 induces apoptosis in the
PC3 cancer cell and non-cancerous HEK293. As shown in
Figure 2B, treatment with 50 μg/ml of SAC-Par-4-GFP for
48 h induced apoptosis in PC3 cells and increased the
percentage of early and late apoptotic cells by
approximately 4 fold compared to the vector control. At
the same time, in case of HEK293 cell line, there was no
significant difference between the total percentages of
apoptotic cells in vector control and SAC-Par-4-GFP
treated cells (data not shown). Further cell cycle analysis
in PC3 cells treated with SAC-Par-4-GFP protein (50
μg/ml) for 48 h revealed significant increase in sub-G1
population (sub-diploid DNA fraction) by 4.6 fold
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Fig. 2. (A) PC3, MAT-LyLu, LNCaP and HEK293 cells were seeded
in 96 well plate, incubated overnight and treated accordingly
with vector control protein (100 μg/ml) or different
concentrations (10, 20, 30, 40, 50 and 60 μg/ml) of SAC-Par-4GFP protein for 48 h. Cell viability was determined by MTT assay
and normalized to control for each cell line. The data
represented as a mean of three independent experiment, ± SD, n
= 3, *p <0.05, **p<0.005 and ***p<0.001; (B) PC3 (1x 106 cells)
were treated with vector control protein (100 μg/ml) and
partially purified SAC-Par-4-GFP protein (50 μg/ml), and the
percentage of apoptotic cells was analysed by AnnexinV-FITC/PI
staining. Experiment was repeated two times and quantitative
result (Q2+Q4) is displayed as the mean fold change (± SD)
compared with control from two independent experiments; (C)
Cell cycle analysis of PC3 cells treated with vector control protein
(100 μg/ml) and SAC-Par-4-GFP protein (50 μg/ml). Data are
representative of three independent cell cycle analyses and
expressed as a percentages of cells found in different cell
population, sub-G1 (apoptotic cells), G0/G1, S, and G2/M.

compared to the vector control and this population
represented the apoptotic portion, implying SAC-Par-4
promote apoptosis (Fig. 2C) . In the same direction, we
observed signals for apoptotic markers like cleaved
caspase-3 and cleaved PARP in PC3 cells treated with 50
μg/ml of purified SAC-Par-4-GFP for 48 h (Fig. 3A).
Suppression of NF-κB activity by SAC-Par-4 in
PC3-NF-κB-luc and MAT-LyLu-NF-κB-luc cells was
studied as described earlier. NF-κB luciferase activity was
significantly increased in PC3 cells by ~2.0-fold and in
MAT-LyLu cells by~4.0-fold in TNF-α-stimulated cells
compared with the untreated control group. However,
the TNF-α-stimulated luciferase activity was significantly
reduced (p <0.05) to approximately 2 fold by 30 μg/ml of
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A.

B.

pKM24-GFP vector control protein. Whereas, there was
no visible tumor upto 14thday in animals injected with
SAC-Par-4-GFP pre-treated cells. Moreover, tumor
volume measured after the tenth day of cancer cells and
vector control protein injection showed exponential
growth of all the tumors of the control animals. Further
the hematoxylin and eosin (H&E) staining confirmed the
presence of viable cancer cells in all tumor tissues;
alongside the staining ruled out the possibility of nontumor (necrotic) mass (Fig.3C).

Future Plan
•

C.

In order to effectively demonstrate the
generalized cancer-specific efficacy of plantisolated SAC-Par-4, different experiments are
required to be performed. These include
evaluation and comparative analysis of antitumorigenic activities of plant-derived SAC-Par-4
in several AR positive cell lines (LNCaP, LAPC4
and MDA PCa 2b), AR negative cell lines (PC3,
MAT-Lylu and DU145), normal prostate cell line
(PNT1-A/B, PNT2PrE and PrS), immortalized
human prostate epithelial cells (PZHPV7). Such
vigorous approaches will be required for further
establishing the anti-cancer effect of plantderived SAC-Par-4 and also to investigate its
possible undesired side-effects on normal cells.

Publications
Fig.3. (A) Immunoblot analysis demonstrates cleaved caspase-3
and cleaved PARP expression in PC3 cells treated with different
concentration of SAC-Par-4-GFP protein for 48 h; (B) PC3-NF-κBluc, MAT-LyLu-NF-κB-luc and HEK293-NF-κB-luc reporter cells
were treated with TNFα (10ng/ml) or SAC-Par-4-GFP protein in
concentrations of 10, 20 and 30 μg/ml for 6 h. The results were
represented as change in relative luciferase activity, ± SD of three
independent experiments and *p <0.05; (C) MAT-LyLu cells pretreated and co-injected with SAC-Par-4-GFP protein or vector
control protein (20 μg in 100 μl cell suspension) were injected
into the flank region of male Copenhagen rats (n = 3 for each
group). After 10 days, tumor volumes were measured every day
and plotted. Points

SAC-Par-4 treatment in both cell lines. In parallel, there
was no suppression of NF-κB activity observed in case of
TNF-α-stimulated HEK293- NF-κB-luc cells upon
treatment with 30 μg/ml of SAC-Par-4-GFP (Fig. 3B).
In the in vivo study, we have examined the effect of
plant-derived affinity-purified SAC-Par-4 on tumor
incidence in a syngenic rat prostate cancer model. The
result from this investigation indicated that SAC-Par-4GFP pre-treatment and co-injection with the MAT-LyLu
cells inhibited the rate of tumor growth in vivo as
compared to control group. Visible tumors appeared at
sixth day after the injection of cells pre-treated with
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Original peer-reviewed research articles
•

Sarkar S, Jain S, Rai V, Sahoo DK, Raha S,
Suklabaidya S, Senapati S, Rangnekar VM, Maiti
IB, Dey N (2016) Plant-derived SAC domain of
PAR-4 (Prostate Apoptosis Response 4) exhibits
growth inhibitory effects in prostate cancer cells.
Frontiers in Plant Science 6:822.

•

Rai V, Sarkar S, Satpati S, Dey N (2016)
Overexpression of human peroxisomal enoylCoA delta isomerase2 HsPECI2, an ortholog of
bamboo expressed during gregarious flowering
alters salinity stress responses and polar lipid
content in tobacco. Functional Plant Biology.
43(3) 232-243.

Review articles
•

Dey N, Sarkar S, Acharya S, Maiti IB (2015)
Synthetic promoters in planta. Planta.242(5):1
077-94.

Book chapters
•

Sahoo DK, Sarkar S, Maiti IB, Dey N. Novel
synthetic promoters from the Cestrum yellow
leaf curling virus in plant synthetic promoters.
Methods in Molecular Biology (under press)
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Project A: Identification and functional characterization of the miRNA-gene regulatory network in
chronic myeloid leukemia lineage negative cells
Introduction / Background

Work achieved in the current year

Chronic myeloid leukemia (CML) is caused by the
constitutively active BCR-ABL tyrosine kinase which is a
product of the Philadelphia chromosome (t (9; 22)). CML
is a stem cell disorder and the chronic phase of CML is
propagated by a small fraction of Ph+ hematopoietic stem
cells (HSC). We and others have observed earlier that lin
(-) CD34+ population, which includes HSCs and
progenitors, are resistant to imatinib mediated cell death
in the presence of growth factors. Hence, a better
understanding of the CML stem and progenitor cells is
required to target and eliminate these cells.

Identification of differentially expressed miRNAs and genes

Specific Aims
•

miRNA-mRNA network in chronic myeloid
leukemia lineage negative cells.
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CML stem cells are known to reside in the lin(-)
CD34+CD38- population and recently it was reported
that the progenitor cells acquire stem cell properties
which results in the progression of the disease. In this
study, we have used the lin(-) population which includes
the stem and progenitor cells. RNA isolated from the
lineage negative cells of CML and purified CD34+ cells
were processed as per the manufacturer's instruction
and hybridized to the Human miRNA 8X60k arrays and
the Human mRNA GXP 8X60k V3 arrays. The
differentially expressed miRNAs and genes between
purified CD34+ and CML CD34+ cells were calculated by
using unpaired Student's t-test. To remove the false
positive entities, we applied Benjamini and Hochberg
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Fig. 1. A Differentially expressed microRNA and B. genes in CML
lin(-)cells are calculated by student t-test (p (corr.) ≤ 0.05) and
represented in a heatmap which portrays the expression pattern
(left side) and volcano plot to represent the statistical
significance (right side).

correction with a corrected p value of £0.05. A total of 23
human miRNAs (Fig. 1A) and 742 genes (Fig. 1B) having
Entrez ID were enriched by the analysis. Enriched (up
and down) miRNAs and genes formed 2 clusters each,
one consisted of up-regulated entities and the other with
down-regulated entities. These results suggest that a
significant number of miRNAs and genes are deregulated
in CML lin(-) cells.
Generating miRNA-gene networks from the array data
Often miRNAs negatively regulate the gene function
by directly targeting the 3'UTR of the protein-coding
genes. Using computational algorithms, it was observed
that more than 30% of the human genes are potential
targets of miRNAs. To identify the miRNA-target gene
networks and association between them, we used the
MAGIA online tool. MAGIA uses target prediction
algorithms (along with Boolean combinations) and
integrates the miRNA-target gene data with the
functional measures (correlation, mutual information,
etc.) of the expression data. We used the expression
profiles of 23 miRNAs and 742 genes which were
enriched by Student's t-test, for MAGIA analysis. We have
combined the results of two different target prediction
algorithms: miRanda which is based on sequence
similarity and TargetScan which identifies sequence
similarity with conservation (Fig. 2A). Pearson
correlation (r value) index between each predicted
miRNA – gene pair was calculated and the pairs which
showed an r value of £- 0.4 were selected for further
analysis. The network consists of 152 genes and 17
miRNAs and showed 337 interactions in between them
after clearing the above parameters. We found that miR1469, miR-1972, miR-877* and miR-1915 have most
number of targets, 75 (22%), 50 (15%), 45 (13%) and 43
(~13%) respectively (Fig. 2B). miRNA-gene interactions
were visualized as a network in Cytoscape (Fig. 2C). The
resulting network consists of two main components; the
first component has a set of down-regulated miRNAs
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Fig. 2. A MiRNA-gene network workflow B. Enriched miRNA
with total target genes (percentages are given in round figures).
C. miRNA-gene networks generated by using MAGIA online tool
and visualized in Cytoscape. The nodes (miRNA or gene) are
connected by edges (negative interaction between miRNA to
target gene). The node colour, which corresponds to the relative
log fold change value of a particular gene or miRNA, was
represented as pink for up-regulated ones and blue for downregulated ones. The widths of the edge represent the q value
(significance) of the association and are presented in an
ascending scale.

with their up-regulated targets (Fig. 2C, left) while the
second one is vice versa (Fig. 2C, right).Among the downregulated miRNAs, miR-494, miR-940, miR-1469, miR1915 & miR-1972 were found to have significantly higher
number of target genes with an extensive overlap
between the target genes. Among the up-regulated
miRNAs, miR-449*, miR-877* and miR-1281 were found
to have more number of target genes. Gene ontology (GO)
analysis of the network enriched 152 target genes
showed that most of them are involved in the genome
maintenance, transcription and lineage commitment
(cellular fate and organization). Out of the network
enriched miRNAs, miR-1469 and miR-1972 were found
to have the highest number of potential targets which
might play a significant role in CML.
Validation of the differentially expressed miRNAs in
archived samples
We have selected a set of miRNAs, (miR-494, miR940, miR-1469, miR-1915, miR-1972, miR-155, miR877*, miR-449* and miR-1281) based on the significant
associations in the network, for real-time PCR validation
in the archived samples. We were not able to detect the
expression of miR-877* and 449* by real-time PCR.
Although the expression of miR-155 and miR-1281 were
found to be up regulated, however it was non-significant
when compared the normal (Fig. 3A and B). Statistical
significance between the normal and CML samples were
calculated by using Student's t-test for the rest of the
miRNAs. The data along with the p values is represented
as a heatmap (Fig. 4). Statistical significances (p values)
are also represented in the heatmap in a blue to red
ascending order. From the data it seems that all of the
miRNAs have a p value of £ 0.05 except miR-1972 which
showed a p value of 0.08. The real-time PCR validation
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Fig. 3. Validation of network enriched up regulated miRNAs A.
miR-155, B. miR-1281 in archived samples. Cross bar represents
the mean of each groups.

Fig. 4. Real time PCR validation of significantly enriched miRNA
from the network. p values are represented in blue to red scale.

result also showed that down-regulated miRNAs have
significant changes compared to the up-regulated
miRNAs. Decreased global miRNA expression pattern
may reflect the state of cellular differentiation since
miRNAs can prevent the cell division and drive the
cellular differentiation. Hence it may be assumed that
down-regulated miRNAs might control cancer
pathogenesis and progression.
Differential expression of enriched miRNAs in imatinib
treated primary CML stem and progenitor cells
Since BCR-ABL is the hallmark oncogene in chronic
phase and specific tyrosine kinase inhibitors are
available, we hypothesized that blocking BCR-ABL kinase
activity with imatinib might resume the miRNA levels. To
validate the hypothesis further, we treated five
independent primary CML lin(-) cells with imatinib.
Earlier reports suggest that primary lin(-) cells are
resistant to imatinib even at higher concentrations. So we
have used 5 μM imatinib for 48 hrs which reduced the cell
proliferation but failed to induce cell death in primary
cells in the presence of growth factors. No change in cell
cycle pattern was observed (data not shown). Imatinib
efficiently inhibited BCR-ABL kinase activity as phosphoCrkL levels were significantly reduced compared to the
total CrkL in the imatinib treated cells (Fig. 5A). This
phenomenon was already observed by others and it was
proposed that these cells do not depend on BCR-ABL
kinase activity for their survival and growth factors can
stimulate alternative survival signaling pathways. Among
the 5 down-regulated miRNAs, miR-940 and miR-1915
were found to be up-regulated in all the samples after
imatinib treatment (Fig. 5B). But the other three miRNAs
(miR-494, miR-1469 and miR-1972) were up-regulated
in only 2 samples and the degree of up-regulation was
also lower when compared to miR-940 and miR-1915.
Thus, it appears that the BCR-ABL kinase activity controls
the expression of these miRNAs and it can be partially
reversed by TKI's. Stromal cells produce some growth
factors which are mainly responsible for the activation of
JAK-STAT pathway apart from BCR-ABL and protect CML
stem cells when exposed to TKIs. We have reported
earlier that a combination of 50 nm JAK inhibitor I along
with 5 μM imatinib was able to inhibit CML lin(-) cells. We
have also shown that JAK inhibitor I treatment
significantly reduced pSTAT3 protein which was not
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Fig. 5. A Crkl and pCrkl expression in imatinib treated primary
CML lin(-) cells. B. Real time PCR quantification of validated
miRNAs in imatinib treated primary CML lin(-) cells. C.
Expression pattern of network enriched miRNAs in CML lin(-)
cells treated with imatinib, JAK inhibitor I and combination of
imatinib and JAK inhibitor I along with DMSO control. in CML
patient 1 and CML patient 2.

altered with imatinib treatment. Here we observed that
two samples when treated with a combination of imatinib
and JAK inhibitor I significantly showed up regulated
miR-1972 and miR-1469 expression which was not
significant when imatinib was used alone. The expression
of other three miRNAs (miR-494, miR-940 and miR1915) was also significantly up regulated in imatinib and
JAK inhibitor I combination when compared to imatinib
(Fig. 5C). Thus it seems that JAK inhibitor I and imatinib
treatment can not only reduce cell prolifeartion but also
restore the network enriched miRNA expression in CML
stem and progenitor cells.

Future Plan
•

Deciphering the role of network enriched miRNAs
in CML disease progression.

Publications
Original peer-reviewed research articles
•

Rajashree SN, Kuila N, Biswas S, Pattnayak NC,
Biswas G, Chakraborty S. Dual transcripts of
BCR-ABL and different polymorphisms in Chronic
Myeloid Leukemia patients from Odisha, India.
Indian Journal of Medical Research. Accepted.
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Project A: Function of uncharacterized proteins during zebrafish development
Introduction/Background
Many of the microbial, invertebrate and
vertebrate genomes have been fully sequenced. A large
number of sequences in each genome are poorly
annotated as hypothetical, unnamed or uncharacterized
proteins. This is because no information on their function
is available. We have identified these proteins
(henceforth called as uncharacterized proteins) from
human and a group of model organisms (mouse, chicken,
xenopus and zebrafish). We have classified these as
conserved uncharacterized proteins if they are present in
at least 3 out of above 5 organisms or unique
uncharacterized proteins if they are present only in one
organism. Our aim is to predict and validate the function
of some of these proteins during zebrafish development.
Specific Aims
•

Identification of conserved and unique
uncharacterized proteins present in selected
vertebrates.
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•

Analysis of mRNA expression pattern of
conserved and unique uncharacterized proteins
during zebrafish embryogenesis.

•

Prediction and validation of function of a selected
group of uncharacterized proteins in zebrafish
embryos.

Work achieved in the current year
Identification of uncharacterized proteins:
The recent Swiss-Prot nomenclature system
proposes to use the name “uncharacterized” to denote
poorly annotated proteins present in various genomes.
These were earlier named as unknown, hypothetical,
unnamed and uncharatcetized etc. We had reported the
identification of uncharacterized proteins from Homo
sapience (Hs), Mus musculus (Ms), Gallus gallus (Gg),
Xenopus laevis (Xl) and Danio rerio (Dr) in last
year'sannual report . In brief, the zebrafish
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uncharacterized protein sequences were taken as querry
and Delta-Blast was carried out against the nonredundant database (NR-database) to identify their
orthologus using 30% global identity as the cut-off. This
resulted in classification of the uncharacterized proteins
into 3 categories. Some of these had no homologues in
any organism other than the query sequence (no hits).
Some of these uncharacterized proteins had homologues
in other organisms that were also uncharacterized
(uncharacterized hits). Where as others had homologues
that were uncharacterized in some and had some other
name in other organisms (mixed hits). The first group of
protein that were unique to zebrafish are also of interest
along with the conserved uncharacterized proteins,
defined as a protein that has a homologue in at least 3 out
of 5 organisms mentioned above.
Expression analysis of uncharaterized proteins
unique to zebrafish:
It was found that 146 zebrafish uncharacterized
protein had no similarity to any other sequence present
in the NR-data base (with at least 30% global identity).
These sequences were considered unique to zebrafish.
Forty of these genes were selected for further analysis. So
far 20 of them have been PCR amplified and their
expression studied in zebrafish embryos. Most of them
are expressed in a non-spatial manner in zebrafish
embryos. There are 2 genes that seem to be expressed in
specific tissues (Figure-1).

Function of an uncharacterized gene:
Once the unique or conserved uncharacterized
genes have been identified, it will be our endeavour to
u n d e r s t a n d t h e i r f u n c t i o n d u r i n g z e b ra f i s h
embryogenesis. We would start by analysing the function
of uncharacterized genes showning tissue specific
expression. This is because, the genes showing
expression in specific tissues may have a function in those
tissues, which would be reflected in the knockouts/mutants of those genes. Both CRISPR/Cas9 or
TALEN mediated gene knock-outs will be carried out.
We had reported the expression pattern of an
uncharacterized gene (provisionaly named as Rhp20) in
the ILS annual report-2015. Zebrafish Rhp20 is primarily
expressed in the pronephros of zebrafish embryos.
Morpholino antisense mediated knock down of its
protein expression resulted in changes of stc1
expression, a pronephros specific marker. The
morpholino antisense mediated protein knock-down,
however, is transient. Hence we proceeded to generate
mutants using CRISPR/Cas9 method. Two different exons
were targted for inducing lesions in the Rhp20 locus. Our
analysis suggests that these targeting constructs are able
to induces changes in Rhp20 locus (Figure-2). Once these
mutant zebrafish are available, the pronephros
development in these knock-out embryos will be studied.
This analysis will be performed by comparing the
expression of pronephros specific markers in mutants
and wild type embryos. We would also use transgenic
embryos expressing fluorescent proteins specifically in
the pronephros to image and understand the difference
between the wild type and Rhp20 knock-out embryos.
Signalling pathways involved in Rhp20 expression:
Wnt/β-catenin and Retinoic acid (RA) signalling
pathways have been shown to regulate pronephros
development in vertebrates. In silico analysis of the 10 kb
upstream fragment of zebrafish Rhp20 showed multiple
transcription factor binding sites that are regulated by
Wnt/β-catenin and RA signalling. Hence, we checked if
Wnt/β-catenin and RA signalling may regulate Rhp20
expression. Our results suggest that Wnt/β-catenin
signalling may regulate human Rhp20 expression in
HEK293 cells (Figure-3).
This lead will be followed up using zebrafish
embryos. Treatment of zebrafish embryos with RA
resulted in reduced Rhp20 expression whereas treatment
with DEAB, a RA-signalling inhibitor resulted in
enhanced expression of this gene. This suggests that the
RA signalling may also regulate zebrafish Rhp20
expression (Figure-4).

Fig. 1. Expression of uncharacterized genes that are unique to
zebrafish. The genes are provisionally named as
uncharacterized (Uch) and expression is shown at 24 hpf unless
stated otherwise. Expression of zUCh3 (A), zUCh4 (B), zUCh10
(C), zUCh11 (D), zUCh16 (E), zUCh17 (F), zUCh28 (G), zUCh36 at
72 hpf (H), zUCh38 (I), zUCh40 (J) and zUCh43 (K) in a nontissue specific manner. (L) zUCh6 expression at 24hpf and 27hpf,
and (M) zUCh25 expression at 30hpf and 48hpf show expression
in specific tissues.
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Future Plan
•

We propose to carry out following aspects of this
project. Expression analysis of unique and
conserved uncharacterized proteins identified
will be carried out. This will be followed up with
functional studies on a selected group of
uncharacterized genes showing tissue specific
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Fig. 2. Generation of zebrafish Rhp20 mutant by CRISPR/Cas9
method. (A) Exon 2 and Exon 4 of Rhp20 were selected for guide
RNA synthesis. (B) Example of high resolution melting curve
(HRM) analysis for wild type and a mutant Rhp20 fish.

Fig. 3 Regulation of human RHP20 expression by Wnt/β-catenin
signalling. Transfection of constitutively active β-catenin mutant
(S33A) highly enhances RHP20 expression. RHP20 expression is
also enhanced when Wnt-1 or Wnt-3a are cotransfected with
Frizzled-8 receptor. Frizzled and Wnt mediated expression of
RHP20 is inhibited by co expression of a dominat negative
Dishevelled mutant (dd1).

expression.
•

Phenotypic charatcterization of zebrafish Rhp20
mutants will be carried out. The role of Wnt/βcatenin and RA-signalling in regulating Rhp20
expression in zebrafish pronephros development
will be studied further. Finally, we have expressed
zebrafish Rhp20 protein, which will be used for
carrying out pull-down experiments to identify
its interacting proteins during zebrafish
embryogenesis. This will give us leads into
understanding Rhp20 function and mechanism of
its action in zebrafish embryos.

Publications
Original peer-reviewed research articles

Fig. 4. Regulation of zebrafish Rhp20 by Retinoic acid signalling.
Treatment of zebrafish embryos with RA inhibitor DEAB
enhances Rhp20 expression where as RA treatment reduces its
expression from 30 hpf onwards. Changes in Stc1 expression in
response to RA or DEAB serves as a positive control.

INSTITUTE OF LIFE SCIENCES

•

Borah S, Barrodia P, Swain RK. Nucleolar protein
4-like has a complex expression pattern in
zebrafish embryos. Int J Dev Biol. 2016; 60(1-23):53-56.

•

**Noy PJ, Swain RK, Khan K, Lodhia P, Bicknell R.
Sprouting angiogenesis is regulated by shedding
of the C-type lectin family 14, member A
(CLEC14A) ectodomain, catalyzed by rhomboidlike 2 protein (RHBDL2). FASEB J. 2016 Mar 3. pii:
fj.201500122R. [Epub ahead of print]
** Collaborative work of ILS faculty
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Project A: Understanding the mechanism of salt tolerance in halophyte: a transcriptomic approach

Introduction / Background
Adaptation to an abiotic stress at the initial stage
includes dynamic transcriptome changes, products of
which enable the organism to achieve cellular and
organismal homeostasis through co-ordination of
various molecular events. The study of changes in
transcriptome in response to an abiotic stress may allow
identification of the genes related to the stress. With
regard to salinity, several such studies have been carried
out, but mostly focusing on glycophytes and model plants,
despite the fact that salt tolerance is a feature
representing halophytes, which grow luxuriantly and
complete their life cycle in saline environment with
salinity equivalent to seawater.

Specific Aims
•

To examine salt response of transcriptome in a
halophyte Suaeda maritima.

INSTITUTE OF LIFE SCIENCES

•

To identify the key genes and pathways involved
in salt tolerance in the plant.

Work achieved in the current year
Illumina sequencing followed by bioinformatics
revealed altogether 72588 clustered transcripts of which
27434 could be annotated using BLASTX. Salt application
resulted in upregulation of 647 and downregulation of
735 genes by 2-fold or more. Out of these, 391 proteins
found homology to the proteins in COGs (cluster of
orthologous groups) database, and the maximum
numbers were grouped into the poorly characterized
category (Fig. 1). The alignment of only 26% of the saltinduced differentially expressed proteins in S. maritima
suggests that much of the information of salt tolerance is
still hidden or unexplored. Among the known proteins,
those involved in 1) amino acid transport and
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Fig. 1. Functional categorization of unigenes based on COGs
database. The individual bars represent the number of unigenes
getting downregulated or upregulated in a functional category in
response to NaCl application.

metabolism, 2) lipid transport and metabolism, 3) post
translational modification, protein turnover and
chaperones, 4) secondary metabolites synthesis,
transport and catabolism, and 5) signal transduction
mechanisms might be playing important role in salt
tolerance as most among them were significantly
overexpressed in response to the salt treatment (Fig. 1).
The use of MapMan tool revealed that approximately 50%
of the genes showed homology to Arabidopsisthaliana,
and the maximum number of such genes represented
transcription factors. Real time PCR validated the result
of deep sequencing for the most of the genes, including
the transcription factors and those involved in ion
transport and signaling. The study revealed that salt
tolerance in S. maritima is resulted in because of the
biochemical and molecular responses at multiple levels
(Fig. 2). It is difficult to say which could be the first
response and which could be the most important among
these, but certainly the response at each level must be
contributing to salt tolerance in its own way. It may be
that one or more of these responses could be the result of
salt adaptation of the plant rather than the cause of salt
adaptation. The increase in chlorophyll biosynthesis and
photosynthetic efficiency might be among these.
However, delignification and lignification of cell wall, the

cell wall synthesis per se, and the cell membrane lipid
modification must be the salt adaptive responses. The
importance of the cell wall metabolic processes, which
facilitate cell wall expansion through its remodeling, in
salt tolerance is reflected from the fact that under salt
stress the salt-tolerant variety of maize develops more
extensible cell wall than the salt-sensitive maize, which
develops a stiffer cell wall under salt stress compared to
the control. Similarly, the plasma membrane fatty acid
unsaturation index increases upon exposure of plant to
salinity, and unsaturation of fatty acids in the membrane
lipids, in which fatty acid desaturase could be playing
important role, significantly enhances tolerance of the
photosynthetic machinery in Synechococcus sp. upon
exposure to salinity. Glycinebetaine accumulation and
increase in the antioxidant capacity are well-studied
strategies of protection against salt and osmotic stresses
in plants, and hence these might be of importance for salt
tolerance in S. maritima in the present study. Besides,
since salt has ionic component, particularly Na+, its
sequestration in cell and/or exclusion have been
indicated to be of prime importance for salt tolerance,
which in the present study is reflected as enhancement in
expression of PM-H+ATPase and Na+/H+-antiporter in
response to salt application. Salt-induced upregulation of
the genes of protein degradation and modification
machinery, however, revealed that the salt tolerance
might be even far more complex requiring maintenance
of the required protein to the required levels in their
required form to drive the necessary biochemical
reactions. The complexity of the salt tolerance process is
also reflected in terms of the enhanced expression of the
transcription factors, like NAC and HD-Zip, and the
enhanced expression of the various hormones responsive
factors, which might be regulating a plethora of chemical
reactions and molecular events leading to salt tolerance.
The initial response to salt application or the initial salt
tolerance process, however, might be driven or regulated
by G protein and phosphoinositide signaling, as is
reflected from the overexpression of the genes encoding
the proteins contributing to these signaling events. The
study showed for the first time in plant the expression of
protein kinase C, the target of diacylglycerol in
phosphoinositide signaling.

Future Plan

Fig. 2. Schematic representation of the mechanisms possibly
leading to salt-adaptation in the plants based on the sequencing
and experimental data
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• Transcriptome profiling of Suaeda maritima
revealed a plethora of changes in expression of
genes in the plant in response to NaCl. Changes in
the expression pattern of various isoforms of
superoxide dismutase (SOD) were also evident.
One them was identified as manganese and iron
superoxide dismutase family protein (Mn-Fe
SOD), which showed several fold increase in
expression in response to NaCl application.
Keeping in view the importance of SOD as a
scavenger of superoxide radical, it is planned to
look into possible role of the Mn-Fe SOD in salt
tolerance by introducing the gene in a saltsensitive rice cultivar Ir29

INSTITUTE OF LIFE SCIENCES

ANNUAL REPORT - 2015-16
Project B: Biochemical and molecular
characterization of salt-induced poor grain
filling in a rice cultivar
Introduction/Background
Soil salinity is one of the major environmental
stresses causing significant loss of yield of rice. The tiller
numbers and the numbers of spikelets per panicle are the
most salinity-sensitive yield components, and increase in
spikelet sterility in response to salt application has been
attributed to be the cause of significant loss in rice yield.
Cultivar-specific spikelet sterility is also a reason of poor
yield of the hybrid rice varieties bearing compact panicle
with numerous spikelets. Moreover, it has been reported
that the spikelet sterility could be associated with high
expression of the ethylene receptors and the ethylene
signaling components.

Specific Aims
•

Study of activity of sucrose synthase, the most
important starch biosynthesizing enzyme, in the
spikelets in response to NaCl application

•

Expression studies of the starch biosynthesing
enzymes, ethylene receptors, ethylene signaling
components and the cell cycle regulators in the
spikelets in response to NaCl application

Work achieved in the current year
Despite wide prevalence of poor grain filling in
rice under abiotic stress, the reason is largely unexplored.
The post-vegetative stage application of 0.75 % NaCl to a
salt-sensitive rice cultivar, Navina at the late-booting
stage resulted in more than 20 % loss in yield. Both the
number of spikelets per panicle and the percentage of
filled grain decreased significantly in response to the salt
(NaCl) application. The inhibitory effect of the salt
application on the grain filling was greater in the basal
spikelets than in the apical spikelets. The activity of
sucrose synthase (SUS), the most important enzyme of
starch biosynthesis, positively related with the grain
weight (Fig. 3). The loss in the yield due to the salt
application could be a result of enhanced salt-induced
generation of ethylene having inhibitory effect on grain
filling because of inhibition of the SUS activity. However,
the gene transcript levels of the SUS isoforms differed
greatly; while the gene transcript levels of SUS2 increased
highly significantly in response to the salt application, the
gene transcript levels of SUS4 decreased drastically. The
gene expression studies of starch synthase and ADPglucose pyrophosphorylase also showed that the saltinduced decrease in the gene transcript levels of one
isoform was compensated by increase in the gene
transcript levels of the other isoform. A comparative
analysis of the transcript levels of the starch
biosynthesizing enzymes in the apical and basal spikelets
indicated the decrease in the transcript levels of SUS2 to
be a possible reason of the poor grain filling in response to
the salt application. The salt application also significantly
increased the gene expression of the ethylene receptors
and the ethylene signaling proteins, and the increase in
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Fig. 3. Sucrose synthase activity (µmol sucrose produced mg-1
protein min-1) in the grains of the apical and basal spikelets of
panicle on various days after anthesis (DAA) taken from the
control plant and that treated with 0.75 % NaCl at the latebooting stage. Each bar represents mean SD of three replicate
studies. The inset represents activity of the enzyme as line
diagram for a better clarity of the response of the enzyme to the
salt (NaCl) treatment. The individual columns on a sampling day
marked with same alphabet do not differ significantly at least at p
0.05.

their gene transcript levels was comparatively more in the
basal spikelets than in the apical spikelets. Significant
enhancement in the gene transcript levels of the ethylene
receptorsthat occurred during the active period of the
grain filling, and the increase in evolution of ethylene per
se by the spikelets in response to the salt application
indicated that the salt-induced inhibition of the grain
filling might be mediated by the hormone ethylene. The
ethylene signaling components that overexpressed in
response to the salt application during the active period of
the endosperm development, nevertheless, could be
important for the growth and development of the
endosperm under the stress, as it appears from the fact
that EIN2 mutant Arabidopsis shows extreme salt
sensitivity.In fact, highly significant increase in the gene
transcript levels of the ethylene responsive factors in the
spikelets during the active period of grain filling in
response to the salt application indicated their possible
protective role in grain filling under abiotic stress.At the
cellular level the study also indicated that the salt-induced
inhibition in the grain filling could be a result of inhibition
of the chromosomal endoreduplication mediated by
inhibition in expression of B-type cyclin (Fig. 4).Although
studies on a variety of plant cells and tissues suggest that
endoreduplication is modulated by the levels of auxin,
cytokinins, abscisic acid and gibberellin, the involvement
of ethylene in endoreduplication events has not been
reported so far.An important difference that was marked
between the apical and basal spikelets with regard to the
cell cycle regulators was the highly significant expression
of CYCA1 on 3 DAA in the former, but on 12 DAA in the
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Project C: Comparative proteomics of the
superior and inferior spikelets at the early grain
filling stage in the rice cultivars contrast for
panicle compactness and ethylene evolution
Introduction/Background

Fig. 4. Relative change in expression (in fold) of the cyclin
dependent kinases (CDKA1, CDKA2 and CDKB2) and cyclins
(CYCA1, CYCB2 and CYCD2) in the apical and basal spikelets of
the NaCl (0.75 %) treated plants over the apical and basal
spikelets of the control plants, respectively, on 3, 6, 9 and 12 after
anthesis (DAA). RT-qPCR was run on Roche LightCycler 480
thermo cycler with 18S rRNA as reference control. Each bar
represents mean SD of three biological replicates. The plus (+)
and minus (-) signs against the individual bars represent the fold
change in expression of the gene in the spikelets from the NaCl
treated plant to be significantly higher (+) and lower (-),
respectively when compared to its expression in the spikelets
from the control plant at least at p 0.05, as determined by 't' test.

latter (Fig. 4). In fact this could be the reason of
comparatively poor grain filling in the basal spikelets
compared to that in the apical spikelets, as low expression
of CYCA1 in the former might be restricting the cells to
divide during the active period of endosperm cell division.
Besides, the switch to an endoreduplication program is
marked by a drastic reduction in the kinase activity
associated with CYCA1, the decrease in the gene transcript
levels of which was observed in the apical spikelets, but
not in the basal spikelets. Overall, the study indicated that
as salt reduces the yield in rice because of its inhibitory
effect on the various components of reproductive stage,
the breeding programme that generally targets vegetative
tolerance may not yield desired result in terms of grain
yield until the latter is also considered as a component of
screening for salt tolerance.

Future Plan
•

80

The study provided valuable information on the
response of ethylene receptors, ethylene
signaling components and cell cycle regulators to
salt stress. But the study was carried out only on a
salt sensitive cultivar. As a follow-up, similar
study is planned to be carried out on a salttolerant rice cultivar Pokkali or Nona Bokra to see
if they also similar response. The study would
provide information on the the key biochemical
and cellular process(es) affecting grain filling in
rice under salt stress. It is also planned to see the
effect of over expression of ethylene receptor on
grain filling.

Grain filling is a process of translocation of
sucrose into the developing endosperm and conversion of
sucrose into starch, which accumulates in the endosperm
cells. The process starts after fertilization.It has been seen
that starch synthesis in the endosperm cells of the
spikelets on the secondary branches is poor,as a result the
assimilates partitioned to them remain unused,
suggesting that the sink may act as impediment to the
transport and storage of the assimilates. The present
sutudy tries to understand the reason of poor grain filling
in the basal spikelets of compact panicle rice by
comparative proteomics.

Specific Aims
•

Study of panicle morphology and ethylene
evolution in rice cultivars contrast for panicle
compactness

•

Comparative analysis of proteins expressing
differentially in the superior and inferior
spikelets of a compact panicle rice cultivar
Mahalaxmi and a lax-panicle cultivar Upahar

Work achieved in the current year
The current study of panicle morphology
considering ten indica indica cultivars with varying
degree of panicle compactness revealed significant
inhibitory effect of panicle compactness on the grain
filling. However, the benefit of the laxness in the panicle to
grain filling may not be beyond the inter-grain space of
0.14 cm. Several workers have reported the adverse effect
of panicle compaction on the process of grain filling by
comparing rice cultivars of different panicle
architectures, and the inferior spikelets are the primary
victims of panicle compactness that is associated with
poor grain filling of the spikelets. However, the inferior
spikelets are not incompetent for grain filling because the
grain filling improves significantly in them upon spikelet
thinning treatment, suggesting that poor grain filling in
the inferior spikelets is not a sink-limited condition.
Although the reason of the differential grain filling in the
superior and inferior spikelets of the compact-panicle
cultivar is unknown, greater evolution of ethylene by the
inferior spikelets compared with the superior ones in the
compact-panicle Mahalaxmi, while no such difference in
the lax-panicle Upahar suggests a negative impact of
ethylene in the grain filling process. In addition, a greater
evolution of ethylene by the compact-panicle Mahalaxmi
compared with the lax-panicle Upahar favours the same.
However, the regulatory aspects of such inhibitoryeffect is
not yet clear, although it has been correlated with an
enhanced expression of the ethylene responsive factors in
the high ethylene producing cultivars. Besides, the
proteomic study revealed a difference in the metabolic
activities between the superior and inferior spikelets in
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Fig. 5. Differential expression of proteins in the superior and inferior spikelets of Mahalaxmi and Upahar on 3 DAA. The differential
expression of the individual proteins was obtained by densitometric analysis of three gel images of each sample. The individual bars
represent mean relative units of three independent gel observations. The asterisks (*) indicate the difference in protein expression
between superior and inferior spikelets to be statistically significant (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001). The numbers against the
individual insets are the protein spot numbers given in Table 2.

Mahalaxmi, which is evident from differential expression
of as many as 21 proteins among them (Fig. 5, Table 1). In
contrast, only two of the 21 proteins that expressed
differentially in the inferior and superior spikelets of
Mahalaxmi were found to be expressed differentially in
the superior and inferior spikelets of Upahar, while the
eighteen other proteins did not show differential
expression, suggesting that the metabolic activities in the
spikelets differentially positioned on the panicle was
more uniform in Upahar than that in Mahalaxmi. The gene
expression studies of at least one of the representative
proteins, S-adenosylmethionine synthase also supports
distinguishable variation in metabolisms in the spikelets
based on their spatial location on the panicle in
Mahalaxmi, but not in Upahar.Significantly high
expression of S-adenosylmetionine synthase catalyzing
the synthesis of S-adenosylmethionine, the precursor of
ethylene, in the inferior spikelets compared with the
superior ones in Mahalaxmi, but not in Upahar
strengthens the viewof negative impact of ethylene on
grain filling. Nevertheless, the proteiomic study also
revealed that the poor grain filling in the inferior spikelets
of Mahalaxmi compared with the superior ones could also
be because of the low expression of the cell division
control protein and of the proteins constituting the
protein synthesis machinery per se inhibiting the
endosperm cell division (Fig. 5, Table 1). For example,
synthesis of proteins and their transport to nucleus are
necessary for cell cycle progression, and hence, the low
expression of importin alpha and elongation factor 1 beta
together with that of CDC48 in the inferior spikelets
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compared with the superior ones might be resulting a
lesser endosperm cell division in the former than in the
latter in the compact-panicle cultivar Mahalaxmi
resulting in a poor grain filling in the inferior spikelets.
The downregulation of the proteins in the inferior
spikelets compared with the superior ones in the
compact-panicle Mahalaxmi may be a global effect due to
the difference in spatial location of the spikelets on the
panicle, but the overexpression of seven of the twenty one
differentially expressed proteins in the inferior spikelets
compared to the superior ones in Mahalaxmi certainly
speaks against such global effect. Functional
characterization of these overexpressed proteins in the
inferior spikelets in Mahalaxmi and of those showing
significantly less expression in the inferior spikelets
compared with the superior ones in Mahalaxmi, but not in
Upahar may throw better light on the reason of poor grain
filling in the inferior spikelets compared with the
superior ones in compact panicle rice cultivars.

Future Plan
•

Based on the information obtained on the
possible reasons of spatial differences in grain
filling in the compact panicle rice cultivar
Mahalaxmi by a comparative analysis of proteins
in the superior and inferior spikelts using 7 cm
gel, it is planned to expand the study using 24 cm
gel so as to gain more information on the
problem. It is also planned to go for the analysis of
temporal difference in expression of the proteins
in the spikelets to better understand the reason of
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Table 1. Differentially expressed proteins at 3DAA (days after anthesis) in the inferior and superior spikelets of the rice cultivar Upahar
and Mahalaxmi. pI- isoelectric point, MW- Molecular wt, T- Theoretical, E- Experimental.

Spot
No.

Protein
Accession

Protein Description

Mowse
Score

pI/MW (T)
pI/MW (E)

1

gi|6682927

Importin alpha 1b

101

2

gi|115450773

Similar to cell division control protein 48 homolog

86

3

gi|115480367

Similar to triosephosphate isomerase, chloroplast

450

4

gi|115459602

Glucose/ribitol dehydrogenase family protein

155

5.18/59.07
5.2/58
5.12/90.43
5.2/99
6.96/32.72
5.3/21
5.31/33.47
5.3/25

5

gi|27804768

Sedoheptulose-1,7-bisphosphatase precursor

104

5.83/42.73
4.8/32

6

gi|115461739

11-S plant seed storage protein family protein

187

5.81/38
6.3/24

7

gi|115435662

Similar to nectarin 1 precursor (Superoxide dismutase [Mn])

156

5.29/23
5.4/23

8

gi|115452301

Glutathione S-transferase GSTZ5

74

5.35/27.45
5.6/24

9

gi|115444481

Similar to phosphoglycerate kinase, cytosolic

181

5.64/42.20
6.0/38

10

gi|115475151

Similar to lactoylglutathione lyase (EC 4.4.1.5)

100

5.51/32.87
5.5/24

11

gi|218161

Elongation factor 1 beta

86

4.86/21
4.6/23

12

gi|9230755

Pathogenesis-related protein PR-10a

171

4.95/16.87
4.8/14

13

gi|115452513

Pathogen-related protein (JIOsPR10)

155

5.85/17.28
5.9/14

14

gi|115439131

Peroxiredoxin

97

5.58/17.34
5.9/15

15

gi|46805452

Putative inorganic pyrophosphatase

112

5.8/31.76
5/23

16

gi|4574135

Cysteine synthase

89

5.39/39.96
5.4/24

17

gi|218189852

Hypothetical protein

218

5.26/23.38
5.5/29

18

gi|3024122

S-Adenosylmethionine synthase

793

5.68/43.33
6.2/38
5.43/29.00
5.6/22
4.77/29.22
4.7/22

19

gi|115452831

Similar to hydroxyacylglutathione hydrolase cytoplasmic

73

20

gi|303859

14-3-3 homologues

74

21

gi|110288669

Enolase

985

expression of ethylene receptors and signal
transducers during grain filling of compact- and
lax-panicle rice (Oryza sativa) cultivars. Journal
of Plant Physiology2015; 179:21-34.

differential grain filling in the superior and
inferior spikelets.

Publications
Original peer-reviewed research articles
•

82

Sekhar S, Panda BB, Mohapatra T, Das K, Shaw BP,
Kariali E, Mohapatra PK. Spikelet-specific
variation in ethylene production and constitutive

5.84/51.83
5.6/46

•

Panda BB, Badoghar AK, Das K, Panigrahi R,
Kariali E, Das SR, Dash SK, Shaw BP, and
Mohapatra PK. Compact panicle architecture is
detrimental for growth as well as sucrose
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I d e n t i f i c a t i o n a n d c h a ra c te r i z a t i o n o f
differentially expressed genes in inferior and
superior spikelets of rice cultivars with
contrasting panicle-compactness and grainfilling properties. PLoS One 2015;
doi:10.1371/journal.pone.0145749

synthase activity of developing rice kernels.
Functional Plant Biology 2015; http://
dx.doi.org/ 10.1071/FP14363
•

•

•

Panda BB, Badoghar AK, Sekhar S, Kariali E,
Mohapatra PK and Shaw BP. Biochemical and
molecular characterization of salt-induced poor
grain filling in a rice cultivar. Functional Plant
Biology 2015;43:266-277, http://
dx.doi.org/10.1071/FP15229.
Gharat SA and Shaw BP. Novel and conserved
miRNAs in the halophyte Suaedamaritima
identified by deep sequencing and
computational predictions using the ESTs of two
mangrove plants. BMC Plant Biology 2015; DOI
10.1186/s12870-015-0682-3
Sekhar S, Gharat SA, Panda BB, Mohaptra T, Das K,
Kariali E, Mohapatra PK and Shaw BP.
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•

Gharat SA, Shaw BP. Computational prediction
and experimental validation of a novel miRNA in
Suaedamaritima, a halophyte. Genetics and
Molecular Research 2016;DOI
http://dx.doi.org/10.4238/gmr.15017527

•

Panda BB, Badoghar AK, Sekhar S, Shaw BP,
Mohapatra PK.1-MCP treatment enhanced
expression of genes controlling endosperm cell
division and starch biosynthesis for
improvement of grain filling in a dense-panicle
rice cultivar. Plant Science 2016; 246:11-25.
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Project A: Enhanced anti-metastatic and anti-tumorigenic efficacy of Berbamineloaded lipid
nanoparticles in vivo
Introduction / Background
Various treatment options are utilized for cancer
therapy. Inspite of new advancement in different
therapeutics, cancer metastasis still remains as one of the
most formidable bottleneck for effective cancer
management. Recently, an alkaloid Berbamine (BBM) has
shown potent anticancer activity by suppressing cellular
proliferation, migration and induction of apoptosis.
However, its short plasma half-life leads to poor
bioavailability that curtails clinical implementation. In
this context, we formulated BBM-NPs and evaluated its
anticancer, anti-metastatic efficacy in metastatic cell lines
by various cellular studies. Further we evaluated the
hematogenous metastasis of melanoma cells to lung in
melanoma (B16F10) subcutaneous tumor mice model.

Specific Aims
•

Preparation and characterization of BBM-NPs
Analyzing the therapeutic efficacy of BBM-NPs in
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metastatic cancer cell lines in vitro Studying the
therapeutic potentiality of BBM-NPs in
melanoma (B16F10) subcutaneous tumor model
as well as the effect on metastasis through
hematogenous metastasis of melanoma cells to
lung.

Work achieved in the current year
To achieve the above specific aims, we have
formulated and characterized BBM-NPs. The shape and
size of NPs are measured by zetasizer and atomic force
microscopy, the results showed the NPs are of size ~100
nm with smooth and spherical shape (Fig.1 a, b). The
entrapment efficiency was ~ 87% as evaluated by HPLC.
XRD study revealed BBM is in the amorphous or
disordered crystalline phase in the polymer matrix of NPs
(Fig.1c).
BBM-NPs demonstrated an augmented cytotoxic
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effect as compared to native BBM in A549, MDA-MB-231
and B16F10 cells after different days of drug treatment
(Fig.2). The IC50 results demonstrated that, BBM-NPs
were 1.8 & 1.42 times and 1.72 & 1.24 times more
effective than native BBM for A549 and MDA-MB-231
cells after 3rd and 5th day respectively. Further, BBM-NPs
were 5.95 times more effective in B16F10 cells than
native BBM after 2nd day of treatment.
The results of invasion assay revealed that BBMNPs efficiently inhibited the invasion of A549 and MDAMB-231 cells as compared to native BBM (Fig.3a). During
invasion process, matrix metalloproteinase like MMP2/MMP-9 plays an important role as these enzymes
degrade the extracellular matrix and basement
membrane. Gelatin zymography results showed reduced
activation of MMP-2 & MMP-9 in BBM-NPs treated cells as
compared to native BBM in both the cell lines (Fig.3b).
The MMP-2 protein level in the supernatants depicted
reduced level of MMP-2 in BBM-NPs treated cells as
compared to native BBM (Fig.3c i). Further, VEGF has also
emerged as an important factor in cellular invasion and
migration. Here, we found in both the cell lines, lower
VEGF expression in BBM-NPs treated cells than that of
native counterparts (Fig.3c ii).
The loss of mitochondrial membrane potential
(MMP) activity in BBM-NPs treated cells resulted rapid
dissipation of MMP due to high level of binding of
Rhodamine 123 to mitochondria in cells as compared to
native BBM after 48 hrs of treatment in both A549 and
MDA-MB-231 cells (Fig.4a). Further, apoptosis results
demonstrated an augmented apoptotic cell death after
BBM-NPs treatments than that of native BBM in both A549
and MDA-MB-231 cells (Fig.4b). The western blot results
depicted an enhanced down regulation of anti-apoptotic
protein BCL-2 in BBM-NPs treated cells than that of native
BBM treated case in both the cell lines (Fig.4c).

Finally, the efficacy of BBM-NPs was evaluated in
an animal model using C57BL/6 mice. The antitumor
activity of BBM-NPs in an in vivo subcutaneous
melanoma (B16F10) tumor model was performed. The
tumor volume and body weight were measured daily and
finally the tumors were collected after the investigation
period. Treatment with BBM-NPs showed more
inhibition in tumor growth than that of native BBM
treated mice (Fig.5a) whereas, there is an exponential
growth in the tumor volume of control and Void-NPs
treated mice. In all treated groups, there were no
significant changes in the body weight and behavior of the
mice, suggesting the treatments did not pose any acute
toxicity to the mice (Fig. 5b). Control and Void-NPs
treated mice have almost similar tumor size, whereas
BBM-NPs treated mice showed a reduction in tumor size
Fig-5c (i). Further, the weight of the tumors also showed
similar results where significant decrease in tumor
weight was observed in case of BBM-NPs treated mice as
compared to native BBM (Fig.5c ii).
Further the anti-metastatic effect of BBM-NPs
was evaluated in vivo with a lower dose of BBM that has
less or moderate cytotoxic effect.Tumor growth study
showed that at a dose of 30 mg/kg body weight, BBM-NPs
has very less effect on primary tumor growth (Fig.6a).
Further, the metastatic tumor growth study as observed
after 45 days of cells injection (I.V) through the tail vein of
C57BL/6 mice showed that the BBM-NPs can effectively
inhibit the lung metastasis as compared to native BBM.
The extent of metastasis was evident from the formation
of nodules in mouse lung (Fig.6b). The weight of lung was
also found to be lower in BBM-NPs treatments than that
observed in native BBM treated and control mice. Most
importantly, it is noted that our formulated NPs at lower
dose than that used in case of tumor growth study can
also effectively inhibit the metastasis.

Fig. 1. Physico-chemical characterization of BBM-NPs. (a) Size distribution of BBM-NPs measured by zetasizer (n=3). (b) The
representative picture of BBM-NPs by atomic force microscopy (AFM). (c) XRD analysis of Void-NPs, BBM-NPs and Native BBM
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Fig. 2. Dose dependent cytotoxic activity of Native BBM, BBM-NPs in A549 and MDA-MB231 cells after 3rd and 5th day and in B16F10
cells after 2nd day of treatments by MTT assay.Values are expressed as mean ± SD, n=4, * p < 0.01, ** p < 0.001, *** p < 0.0001 BBM-NPs vs.
Native BBM.

Fig. 3. Cell invasion assay using a modified Boyden Chamber. (a) In brief, A549 and MDA-MB-231 cells at a density 2×105 were treated
with 25 µM Native BBM/BBM-NPs for 24 hrs. Cells were then harvested and 1×105 cells were seeded in the upper chamber of a matrigelcoated transwell plate and invasion assay was studied by staining with crystal violet after 24 hrs. (i) Microscopic picture of invaded cells.
(ii) Bar graph represents the number of cells invaded the matrigel. Values are as mean ± SEM, n=3, ** p < 0.001, *** p < 0.0001 for Native
BBM and BBM-NPs vs. control. For zymography study, the left over supernatants on the upper chamber of transwell insert was collected
from all the treatments of both the cell lines. (b) Inhibition of pro-matrix MMP-9/MMP-2 activation by gelatin zymography. (c) (i) MMP-2
level measured by ELISA Kit. Experiment was performed twice and an independent experimental result has been provided. (ii) The
secreted VEGF in the supernatants measured by ELISA Kit. Values are as mean ± SEM, n=3, ** p < 0.001, *** p < 0.0001 vs. control.
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Fig. 4. Study of MMP loss and apoptosis by flow cytometry and expression of anti-apoptotic protein BCL-2 by western blot analysis. (a)
A549 and MDA-MB-231 cells were treated with Native BBM and BBM-NPs (25 µM) for 48 hrs. Cells with loss of MMP using Rhodamine
123 was analyzed by flow cytometry. Values are as mean ± SEM, n=3, * p < 0.01, ** p < 0.001, *** p < 0.0001 for Native BBM and BBM-NPs
vs. control. (b) Induction of apoptosis in A549 and MDA-MB-231 cells treated with Native BBM/BBM-NPs (25 µM) for 48 hrs and
percentage of apoptosis (early and late) was measured using Annexin V-FITC by flow cytometry. Values are as mean ± SEM, n=3, ** p <
0.001, *** p < 0.0001 for Native BBM and BBM-NPs vs. control. (c) Western blot analysis of anti-apoptotic protein BCL-2 associated with
apoptosis in A549 and MDA-MB-231 cell lines following Native BBM or BBM-NPs ( 25 µM) for 48 hrs. β-actin serves as loading control.

Fig. 5. Tumor growth study in C57BL/6 mice melanoma model. The experiment was performed by injecting Native BBM/BBMNPs/Void-NPs at a dose of 40 mg/kg body weight to mice of different groups intraperitoneally on 1st, 3rd and 5th day. (a) Tumor volume
measured in mm3. (b) Body weight change of the mice (c) (i) The representative picture of tumor of different groups. (ii) Tumor weight
measured in grams. Data represented are as mean ± SEM, n=4, * p < 0.05, *** p < 0.001 for Native BBM and BBM-NPs treated mice vs.
control.
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Fig. 6. Anti-metastatic study of BBM-NPs in C57BL/6 mice melanoma model. (a) The subcutaneous tumor model developed were
injected intraperitoneally with BBM-NPs at a dose of 30 mg/kg body weight on 1st, 3rd and 5th day and finally sacrificed on 12th day (i)
Tumor volume in mm3 (ii) The representative picture of the tumor. (iii) Tumor weight measured in grams. Data represented above are as
mean ± SEM, n=3. (b) To evaluate the efficacy of BBM to hematogenous lung metastasis, B16F10 cells (2×105) were injected to the tail
vein of C57BL/6 mice (n=3). Native BBM and BBM-NPs (30 mg/kg body weight) were injected on 0 and 2nd day of cells injection. After 45
days, the mice were sacrificed and lung were collected and weighed. (i) The representative picture of the lung. (ii) The weight of lung in
grams. The datas are represented as mean ± SEM, * p < 0.05, ** p < 0.005, for BBM-NPs treated mice and normal mice vs. control. Arrow
indicates the tumor nodule.

cytotoxicity in imatinib resistant cells. J Colloid
Interface Sci. 2016; 467: 180-191.

Future Plan
•

The current studies have shown that BBM-NPs
can effectively reduce the tumor growth and
tumor volume and also effectively inhibit the
formation of lung metastasized nodules than that
of native BBM treated mice. In this scenario, we
plan to study the spontaneous growth of
luciferase labeled melanoma cells metastasized
on mouse lung by intravenous injection through
in vivo live imaging system. Recently, it has been
documented that BBM can inhibit the leukemia
stem cells by modulating NF-κB pathway and can
also inhibit MDR. Thus, the future study aims in
targeting cancer stem cells and ameliorating
MDR effect using BBM-NPs.

•

Singh A, Jain S, Senapati S, Verma RS, Sahoo SK.
Magnetic Nanoparticles Labeled Mesenchymal
Stem Cells: A Pragmatic Solution toward Targeted
Cancer Theranostics. Adv Healthc Mater. 2015
Sep 1. doi: 10.1002/adhm.201500343.

•

Vandana M, Sahoo SK. Synergistic activity of
combination therapy with PEGylated pemetrexed
and gemcitabine for an effective cancer
treatment. Eur J Pharm Biopharm. 2015 Aug; 94:
83-93.

Review articles
•

Dilnawaz F, Sahoo SK. Therapeutic approaches of
magnetic nanoparticles for the central nervous
system. Drug Discov Today. 2015 Oct; 20
(10):1256-64

•

Mohanty C, Kundu P, Sahoo SK. Brain Targeting of
siRNA via Intranasal Pathway. Curr Pharm Des.
2015; 21(31):4606-13.

Publications:
Original peer-reviewed research articles
•

Acharya S and Sahoo SK. Exploitation of redox
discrepancy in leukemia cells by a reactive
oxygen species nanoscavanger for inducing
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Project A: Genetic Analysis and Functional Characterization of Promoter variants in TGFB1 and RANKL
genes in Otosclerosis
Introduction / Background
Otosclerosis (OTSC) is a progressive hearing
disorder characterized by increased bone turnover in the
otic capsule of middle ear. Genetic predisposition for the
disease has been well established after identification of
ten monogenic loci. The candidate gene association
studies have also shown the association of COL1A1,
TGFB1, BMP2, BMP4, RELN and OPG genes with
otosclerosis. Previously, we have reported the genetic
association and altered expression of TGFB1 and OPG
genes in otosclerosis patients. Further, we are interested
to investigate the genetic contributors in the promoter
regions of TGFB1 and RANKL genes to understand their
functional significance in otosclerosis development.

Specific Aims
•
•

To investigate the association of TGFB1 and
RANKL promoter variants with otosclerosis
To investigate the functional role of TGFB1 and
RANKL promoter polymorphisms in otosclerosis
pathogenesis
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Work achieved in the current year
The non-syndromic otosclerosis cases were
recruited from Ear, Nose and Throat (ENT) units of SCB
medical college, Cuttack and Capital hospital,
Bhubaneswar, Odisha, India. The age range of the patients
at the time of diagnosis was 15–85 yrs; with a mean age of
39.46 ± 13.22 yrs. The mean age of onset of otosclerosis
was 30.88 ± 10.36 years. The age of onset of hearing loss
was most frequent (39.2%) in the patients within the age
group of 21-30 years. The disease prevalence of
otosclerosis in this study was found to be 0.44%. To
identify the genetic contributors for otosclerosis, we
screened the promoter regions of TGFB1 and RANKL
genes and performed functional analysis of disease
associated variants to understand their significance in
disease manifestation.
Identification of de novo mutation in TGFB1 promoter
In our previous study, we have identified a de
novo heterozygous mutation -832G>A in the promoter of
TGFB1 in a 25 year female patient with bilateral
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moderate conductive hearing loss. She was born at full
term to unrelated parents who did not have any
symptoms of hearing impairment (Fig.1A). On
audiometric assessment, pure tone audiometry showed a
bilateral conductive hearing loss with an extent of
moderate hearing loss (Fig. 1B). However, patients father,
mother, brother, sister and other relatives have normal
hearing condition upon audiometric assessment. In the
present study, we progressively screened this 1 base pair
(-832G>A) substitution in all the enrolled cases and
controls. The family members of the patient positive for 832G>A variation were also screened and found
inheritance of this variation only to her 1.5 year old
daughter (Fig. 1C). This mutation was suggested de novo
because it was not detected in the patient's parents as
well as in any other DNA samples of cases or controls.
Functional characterization of de novo TGFB1 mutation
To test whether this mutation could alter the
TGFB1 transcript level, we performed a real time
quantitative PCR on total RNA extracted from fresh blood
of the patient, her father, mother and control subjects. We
identified a decreased level of TGFB1 transcript level in
the patient compared to her parents and control subjects
(Fig. 2A). Furthermore, we evaluated the TGFB1 level and
we identified an approximately 1.54 fold decrease in the
TGFB1 blood plasma level compared to her parents and
1.8 to 1.9 fold decrease in plasma level compared to the
male and female control subjects (Fig. 2A). To check the
impact of this variation on TGFB1 expression, we
performed in vitro transcription assays and found a
significant decrease (2.2 fold, P<0.0001) of the luciferase
gene expression under the control of the mutated TGFB1
promoter (Fig. 2B). We next wondered whether the
reduce luciferase activity caused by the nucleotide

substitution was due to alteration in transcription factor
binding sites located in this region. The comparative
analysis with TFSEARCH indicated the substitution
would be associated with the gain of altered binding of
two transcription factors v-Myb and MZF1. To investigate
whether the mutant allele of -832G>A mutation would
modify the binding affinity to nuclear protein, we
performed EMSA with MCF7 cells nuclear protein
extracts with double stranded oligonucleotide probes
containing either allele. EMSA revealed the possible
binding of any of the two transcription factors in both the
wild type and mutated promoter sequences. DNA-protein
complex migration pattern was detected with higher
intensity particularly in mutated probe as compared to
the wild type probe (Fig. 2C).
The obtained results indicate that down
regulation of TGFB1 at transcript and protein level due to
de novo mutation -832G>A is associated with otosclerosis
development. The results from this study bring a new
insight regarding the phenotypic spectrum of TGFB1
mutations and suggest that the systemic analysis of
TGFB1 gene sequence and expression analysis of this
gene might reveal more individuals with mutations.
Genetic Analysis of RANKL promoter polymorphisms
The pathogenesis of otosclerosis has been a
mystery for centuries. The otic capsule which is signaled
out as site for otosclerosis is unique among the bones
because it undergoes very little remodeling after
development compared to other bones. Some of the
studies have shown the involvement of OPG/RANK/
RANKL signaling system in the abnormal bone
remodeling in mouse ossicles. In our previous study, we
have reported an altered expression of OPG and RANKL
genes in the otosclerotic tissues which leads to alteration

Fig.1. (A) Pedigree of the family showing the affected proband (circle 3) and her 1.5 year old daughter with uncertain disease status
(circle 7). (B) On audiometric assessment, pure tone audiometry showed a bilateral conductive hearing loss in proband with an extent of
moderate hearing loss 55dB in right ear and 50dB in left ear. (C) Genotype analysis by SSCP (upper panel) of individuals from the pedigree
showing the heterozygous banding pattern for -832G>A mutation in the proband and her 1.5 year old daughter (lane 2 & 6), the proband
parents and other relatives were normal for this mutation (lane 1, 3-5 & 7-9). This sequence variation was validated by direct sequencing
in both forward and reverse direction. The chromatograms are showing the homozygous 'GG' and heterozygous 'GA' genotypes for 832G>A mutation in the promoter of TGFB1 gene (lower panel).
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in OPG:RANKL ratio. Polymorphisms identified in the
RANKL promoter have been found to be associated with
spectrum of skeletal diseases like osteoporosis,
rheumatoid arthritis and bone metastases. Based on the
previous reports, we hypothesized that the genetic
variations in the RANKL gene may be associated with
otosclerosis.

Fig. 2. (A) TGFB1 gene expression levels were quantified in
triplicates in patient, her parents and controls (6 males; 6
females) using Real time quantitative PCR. We found a decreased
TGFB1 transcript level in patient when compared to the parents
and control subjects (left panel). Blood plasma level of TGFB1
was estimated in triplicates in patient, her parents and controls
(6 males; 6 females) using enzyme linked immunosorbent assay
(Right panel). The TGFB1 plasma level was found to be
decreased in the patient when compared to her parents and
control subjects. (B) The wild type and mutated human TGFB1
promoter (1199bp) was cloned into the SacI and HindIII sites of
pGL3 basic promoter less vector which contained the firefly
luciferase gene. After transient transfection in to human
embryonic kidney (HEK) 293 cells, the luciferase assays were
performed with dual-glo luciferase assay system, and the results
gave a significant decrease (2.2 fold, P <0.0001) of the reporter
gene expression under the control of mutated TGFB1 promoter.
Results were expressed as F-luc/R-luc means ± SEM. (C)
Electromobility shift assay (EMSA) was performed on nuclear
proteins extracted from human MCF7 cells with either wild
(lanes 1-5) or mutant (lanes 6-10) type probes with & without
50X, 100X and 200X competitors. DNA-protein complex
migration pattern was detected with higher intensity
particularly in mutated probe as compared to the wild type
probe.

We screened the RANKL promoter for the
presence of three sequence variations: -290T>C, -643C>T
and -693G>C using automated DNA sequencing and
restriction digestion analysis. The observed values in the
genotype distribution of the RANKL promoter
polymorphisms were tested for the genetic balance test
and were found to be in HWE. We detected a significant
difference between OTSC patients and controls with
respect to the heterozygous genotype of -643C>T SNP. As
otosclerosis has a higher prevalence in males compared
to females in the studied population, we examined the
association, separately in males and females, between
RANKL SNPs and otosclerosis. The results of this analysis
showed a significant protective effect of CT genotype of 643C>T SNP with OTSC in males [codominant model;
P=0.0113; OR=0.577; 95%CI=0.380-0.876] but not in
females [codominant model; P=0.3570; OR=0.780;
95%CI=0.463–1.313]. Comparison of genotype
frequencies for -643C>T assuming a recessive model
shown weak association with OTSC in males but this
association has not survived the correction for multiple
testing (Table 1). Further, to verify the sex specific
association we conducted haplotype – based association
test. The haplotype analysis revealed that the haplotype
C-T-C was differed significantly (P=0.027) between cases
(0.012) and controls (0.034). Pair-wise linkage
disequilibrium (LD) analysis showed the evidence of
strong LD within each of the three possible pairs in males
as compared to females.
Functional characterization of RANKL Promoter
Polymorphisms
As we have shown the association of otosclerosis
is due to alteration of OPG:RANKL ratio in our previous
study, we tested the hypothesis whether the RANKL

Table 1 Genotype and allele association of RANKL gene polymorphisms and otosclerosis risk in group stratified by sex
Male
SNP

-290T>C
(rs9525641)

-643C>T
(rs9533156)

-693C>G
(rs9533155)

Genotype
Allele

Cases
(N=180)

Controls
(N=179)

TT
CT
CC
T
C
CC
CT
TT
C
T
CC
CG
GG
C
G

61
83
36
205
155
52
78
50
182
178
75
79
26
229
131

51
87
41
189
169
44
102
33
190
168
58
92
29
208
150

OR (95% CI)

Female
P value

Reference
0.904 (0.597 - 1.370)
0.841 (0.507 - 1.394)

0.6730
0.5226

0.845 (0.630 - 1.135)

0.2937

Reference
0.577 (0.380 - 0.876)
1.702 (1.033 - 2.803)

0.0113
0.0449

1.106 (0.825 - 1.483)

0.5026

Reference
0.739 (0.488 - 1.121)
0.873 (0.491 - 1.552)

0.1701
0.6629

0.793 (0.587 - 1.071)

0.1463

Cases
(N=113)

Controls
(N=115)

33
52
28
118
108
35
50
28
120
106
44
45
24
133
93

27
64
24
118
112
29
58
28
116
114
43
52
20
138
92

OR (95% CI)

P value

Reference
0.679 (0.403 - 1.145)
1.249 (0.671 - 2.323)

0.1851
0.5295

0.964 (0.667 - 1.393)

0.8519

Reference
0.780 (0.463 – 1.313)
1.024 (0.559 – 1.871)

0.3570
1.0000

0.898 (0.622 – 1.298)

0.5754

Reference
0.801 (0.437 – 1.357)
1.281 (0.661 – 1.479)

0.4246
0.5046

1.049 (0.721 – 1.525)

0.8488

Wild type homozygote of each single nucleotide polymorphism was considered as reference. P < 0.0166 was significant after multiple
corrections. Significant P value is marked in bold. OR = odds ratio, 95% confidence interval (CI) is given within brackets
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significant difference.
We next hypothesized that the differential
expression of RANKL in the otosclerotic tissue by the
nucleotide substitutions was due to the alteration in
transcription factors (TF) binding sites located in these
regions. The comparative analysis of the normal and
variant sequences indicated that these substitutions
would be associated with the gain/loss of TF binding
sites. To verify these observations, we performed EMSA
with human MCF7 cells nuclear extracts. Different
migration profile was obtained for the RANKL promoter
polymorphisms -290T>C, -643C>T and -693G>C when
mutated probes were used. We noticed a less intense
band with -290T probe when compared to -290C probe
for -290T>C SNP (Fig. 3A). For the SNP -643C>T, EMSA
analysis revealed a high intense band with -643C probe as
compared to -643T probe suggesting a weaker
DNA/protein interaction (Fig. 3B). We also noticed a high
intensity band for the mutated probe -693G in
comparison to the wild type -693C probe for the SNP 693G>C (Fig. 3C).

Future Plan

Fig. 3. RANKL promoter polymorphisms affect the RANKL
mRNA expression by nuclear protein binding. A competition
EMSA was carried out using human MCF7 nuclear extract to see
the effect of wild type and mutated alleles of these SNPs on gene
expression. (A) A significant difference in the RANKL expression
was found between the different genotypes of -290T>C SNP (left
panel). EMSA revealed a less intense band for the -290T probe in
comparison to the -290C probe for -290T>C SNP (right panel).
(B) For -643C>T SNP, the RANKL mRNA expression was higher
for CT and TT genotypes as compared to the CC genotype (left
panel). For this SNP, a high intense complex for the wild type
probe (-643C) was observed as compared to the mutated probe
(-643T) in EMSA (right panel). (C) For the SNP -693G>C, the
carrier for the CG genotype have higher RANKL expression than
those with CC and GG genotypes (left panel). A high intensity
DNA/protein complex was noticed for the mutated probe (693G) in comparison to the wild type probe (-693C) for the SNP 693G>C (right panel).

promoter polymorphisms have impact on the RANKL
gene regulation. To verify the role of different genotypes
of these polymorphisms on RANKL mRNA expression
level, we sequenced the DNA samples from fifteen
otosclerotic tissues. The mRNA expression levels of
different individuals were compared in accordance to
va r i o u s g e n o t y p e s o f t h e R A N K L p ro m o t e r
polymorphisms using one way ANOVA. Analysis of these
polymorphisms revealed a significant difference in the
expression of CC, CT and TT genotypes for the SNP 290T>C within the cases (Fig. 3A). There was also a
difference in the RANKL expression among the different
genotypes for the SNPs -643C>T and -693G>C (Fig. 3 B &
C). However, the correlation between different genotypes
for -643C>T and -693G>C SNPs and RANKL gene
expression among the cases did not show a statistically
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In future, extensive screening of TGFB1 and
RANKL genes will be undertaken to identify the more
number of genetic variations causing otosclerosis. In
vitro study of the causative variants will be carried to
understand the molecular mechanisms of otosclerosis
and to provide new targets for prevention and treatment
of disease.

Project B: Genetic Analysis of Otitis Media:
Screening for functional sequence variations and
mutations in the candidate genes
Introduction/Background
Chronic Otitis Media (COME) is a most common
childhood disease characterized by middle ear infection
which leads to hearing impairment. It is considered as
multifactorial disorder arising from complex interactions
between environmental and genetic factors. The specific
genetic factors underlying susceptibility to COME are
unclear; however, some of the genetic studies have shown
the association of FBXO11, TLR4, ISL1, TP73, EVI1, RPL38
and PAI1 genes and has also identified the following
susceptibility loci: 10q22.3, 3p25.3, 10q26.3, 17q12 and
19q13.43 for COME in humans.
Specific Aims
• To examine the association of specific
polymorphisms in genes (ISL1, TLR2, TLR4 and
TGFB1) shown to increase susceptibility to otitis
media
• To identify the functional significance of
significantly associated variant in disease
manifestation

Work achieved in the current year
The patients diagnosed as chronic otitis media
with effusion were recruited from Ear, Nose and Throat
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genomic DNA was extracted from whole blood by rapid
non-enzymatic method from all the subjects.

SNP selection and Genotyping
We selected ISL1 for the first time as a candidate
gene for screening the OM cases and controls because of
the role of ISL1 mutation in otitis media pathogenesis.
Candidate genes selected on the basis of their function in
innate host defense and inflammatory response included
Toll-like receptor2 (TLR-2), Toll-like receptor4 (TLR-4)
a n d TG F B 1 . G e n o t y p i n g o f c a n d i d a te g e n e s
polymorphisms were carried out by a combination of
DNA sequencing, allele specific PCR and restriction
fragment length polymorphism analysis. Genotype
analysis revealed a total of 22 polymorphisms in the four
candidate genes selected for this study.
Genetic analysis of ISL1, TLR2, TLR4 and TGFB1
polymorphisms

Fig. 1. (A) Otitis media was characterized by significantly
increased level of eosinophil count as compared to the controls
(P>0.0001, two tailed student's t-test). However, no correlation
was found between different genotypes of c.504A>G SNP of ISL1
gene on eosinophil count. (B) Flow cytometry analysis shown the
increased TLR4 expression in the blood monocyte of OM cases
under the influence of different genotypes of 299A>G and
399C>T polymorphisms. (C) Blood plasma level of TGFB1 was
estimated in triplicates in OM cases and controls using enzyme
linked immunosorbent assay. The TGFB1 plasma level was found
to be significantly decreased in the cases when compared to
controls.

units of SCB medical college, Cuttack and Capital hospital,
Bhubaneswar. Audiological and otoscopic examinations
were performed for all the cases to assess the extent of
hearing loss and physiological conditions of tympanic
membrane. Total blood count analysis of COME subjects
showed an abnormally high eosinophil's (ranging from 7
– 24%) in 34.6% of cases (Fig. 1). For genetic analysis,
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Sequence analysis of the ISL1 gene in cases and
controls identified a total of fourteen sequence variations
of which five were commonly distributed among the cases
and controls. The common variants (MAF>0.1) identified
in this study were c.-492A>G, c.504A>G, c.513G>A,
c.567C>T and c.*651A>T and rare variants (MAF<0.1)
were c.-405G>A, c.28+17C>T, c.-240G>A, c.498G>C,
c.1030G>A, c.*51A>T, c.*146T>A, c.*504T>A and
c.*733G>A. Of the fourteen variations reported in ISL1
gene three were benign polymorphisms and rest eleven
were found to be disease causing variations. The
observed values in the genotype distribution of these
polymorphisms were tested for the genetic balance test
and were found to be in HWE. When allele and genotype
frequencies for the common variants were compared, we
detected a significant difference in the minor allele 'G'
frequency of c.504A>G SNP between cases and controls.
The genotype and allele distribution for other common
polymorphisms were statistically similar in both the
groups. We performed a case control analysis across all
the SNPs stratified by sex. The results of this analysis
showed a significant protective effect of c.504A>G SNP
with OM in females (P = 0.0266, OR = 0.644, 95% CI =
0.441 – 0.940) but not in males (P = 0.4378, OR = 0.864,
95% CI = 0.616 – 1.213). In addition, another SNP
c.513G>A exhibited significant allelic (P=0.0485,
OR=0.198, 95%CI=0.041–0.944) and genotypic
associations in codominant mode (P=0.0463, OR=0.192,
95%CI=0.040–0.927) with otitis media in females (Table
1). Haplotype based association test also verified the sex
specific association of ISL1 polymorphisms c.504A>G and
c.513G>A with otitis media.
Another approach to identify genes and pathway
that contributes to OM susceptibility is to look at mouse
mutants displaying a comparable phenotype. Recent
studies suggest that “mouse to human” approach is likely
to yield relevant data with significant association with
polymorphisms in TLR-2, TLR-4, TGFB1, IL-6, FBXO11
and FGF3 genes and disease in human. Based on this we
have screened the functional polymorphisms in TLR-2,
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Table 1 Frequency distribution of ISL1, TLR2, TLR4 and TGFB1 polymorphisms in OM cases and controls

Gene

SNP

ISL1

c.-492A>G
c.504A>G
c.513G>A
c.567C>T
c.*651A>T
22bp del
c.299A>G
c.399C>T
-800G>A
-509C>T
c.29T>C
c.74G>C

TLR2
TLR4
TGFB1

MAF in
Cases
0.04
0.28
0.02
0.01
0.32
0.15
0.23
0.14
0.33
0.32
0.45
0.06

MAF in
Control
0.05
0.34
0.04
0.02
0.34
0.17
0.27
0.21
0.53
0.33
0.43
0.14

OR
95%CI
0.969 (0.553 - 1.700)
0.757 (0.588 - 0.974)
0.542 (0.262 - 1.121)
0.639 (0.241 - 1.692)
0.918 (0.602 - 1.400)
0.905 (0.585 - 1.402)
0.918 (0.578 -1.432)
0.323 (0.128 - 0.814)
0.612 (0.273 - 1.372)
0.970 (0.639 – 1.473)
1.888 (1.071 - 3.328)
0.396 (0.195 - 0.804)

P value
1.0000
0.0342
0.1073
0.4651
0.7473
0.7381
0.8173
0.0253
0.3162
0.9154
0.0325
0.0116

P < 0.05 was considered as significant. Significant P value is marked in bold. OR = odds ratio, 95%
confidence interval (CI) is given within brackets.

TLR-4 and TGFB1 genes in OM cases and controls to
identify the genetic contributors of otitis media. Initially,
we screened two common polymorphisms: a 22 bp
deletion and c.753G>A substitution in TLR-2 by allele
specific PCR and RFLP method. These polymorphisms
were found to be associated with several inflammatory
disorders. However, the genotype and allele frequencies
of these polymorphisms were statistically similar in both
the groups.
Similarly, we performed the genetic analysis of
TLR-4 polymorphisms 299A>G and 399C>T in OM cases
and controls. Sex specific association analysis shown the
significant association between 399C>T polymorphism
and OM exclusively in females in codominant mode (P =
0.0466, OR = 0.368, 95%CI = 0.149-0.908). The frequency
of 'CT' genotype was found to be higher in controls than in
cases indicating its protective effect in OM development
(Table 1). Further, to investigate the role of TLR4
polymorphisms, expression profiling was carried out
using flow Cytometry. A difference in TLR4 expression
levels on the CD14+ monocytes were observed when
compared between different genotypes of TLR4 SNP
rs4986791 indicating is effect on TLR4 expression
(Fig.1). Further in depth studies involving large number
of cases and controls will confirm and expand the current
findings.
Next, we genotyped the OM cases and controls for
five TGFB1 polymorphisms (-800G>A, -509C>T, c.29T>C,
c.74G>C & c.788C>T). Screening of TGFB1 promoter
region has identified two known polymorphisms 509C>T and -800G>A. No significant difference was
observed when allele and genotype frequencies were
compared between cases and controls for -800G>A and 509C>T SNPs (Table 1). Further, sequencing of the
polymorphic region in exon1 of TGFB1 gene revealed the
presence of two variants c.29T>C and c.74G>C. However,
the c.788C>T SNP in exon5 was found to be monomorphic
in this population. The variant c.74G>C was rare, but
c.29T>C was more common among the cases as well as in
controls. When allele and genotype frequencies were
compared between two groups, a significant association
was observed for c.29T>C (P = 0.0325; OR = 1.888; 95%CI
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= 1.071 - 3.328) and c.74G>C (P = 0.0116; OR = 0.396;
95% CI = (0.195 - 0.803) SNPs with OM in different
genetic models. Further to verify the role of TGFB1 in OM
pathogenesis, we measured the TGFB1 plasma level in
cases and controls using enzyme linked immunosorbent
assay (ELISA). A noticeable variation in TGFB1
concentration ranging from 1.5 – 14.45 mg/ml was
determined among the cases and controls (Fig. 1). We
noticed a significantly reduced TGFB1 expression in OM
cases as compared to the controls (two tailed students t
test P<0.0001) suggesting its role in OM pathogenesis.
However, no statistically significant difference was found
for the three genotypes studied for c.29T>C and c.74G>C
SNPs in TGFB1 gene. Further, functional studies of these
TGFB1 variations alone or in combination may identify
their exact role in OM pathogenesis.

Future Plan
Screening of the new candidate genes and
replication of previous studies on large sample size will
be undertaken to determine the genetic contributors of
OM in this population. Functional analysis of significantly
associated variations will be carried out to establish the
genotype-phenotype correlation. Furthermore,
expression analysis of the pathways involved in disease
pathogenesis will be carried out to understand molecular
mechanism of OM pathogenesis.

Project C: Exome sequence analysis of congenital
hearing impairment families to identify the
deafness causing genes and mutations
Introduction/Background
Congenital hearing impairment (CHI) has an
incidence of 1 in 500 newborns, with a genetic etiology
suspected in two third of these patients. This can be
caused by mutations in many different genes with a
pattern of autosomal dominant, autosomal recessive, Xlinked or mitochondrial inheritance. In our previous
studies, we have shown the association of connexin genes
(GJB2, GJB3, GJB6 and GJC3) mutation with CHI. The
connexin genes mutations account for 35% of
nonsyndromic hearing loss cases however, in remaining
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65% of the cases, the cause remains elusive.

Specific Aims
•

Targeted sequencing of deafness causing genes
using deafness gene panel in CHI families

Work achieved in the current year
In the present study, we have successfully
demonstrated the application of exome sequencing to
discover the causative genes in CHI families. Sequencing
of deafness gene panel in 3 individuals from two different
families was performed by next generation sequencing
using custom oligonucleotide-based target capture
followed by Illumina HiSeq sequencing of the coding
regions of 129 genes with 100 fold coverage. The CHI
family I consisted of 8 affected individuals with
progressive sensorineural hearing loss and 12 unaffected
individuals. Sequence analysis of proband and his father
revealed 557 and 525 variations respectively. After
filtering the exome data, we have found 8 pathogenic
mutations in proband and 12 in proband's father, of which
3 were common mutations. In another CHI family II, we
had previously identified a novel heterozygote mutation
c.569 T>A in the connexin29 gene inheriting to the
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proband from her mother. Further, we were interested to
identify the second disease causing allele in the
proband's father. Targeted sequencing of father DNA
sample has identified 435 variations, of which 6 were
pathogenic and 2 were likely pathogenic mutations. We
are in the process of validating these mutations by Sanger
sequencing.

Future Plan
The validation of the pathogenic mutations
obtained from the exome data will be carried out by
automated DNA sequencing. Further, replication of the
disease causing mutations in large CHI cohort and their
functional analysis will be carried out to understand the
molecular mechanism of CHI pathogenesis in Indian
population.

Publications
Original peer-reviewed research articles
•

Priyadarshi, S., Ray, C. S., Biswal, N. C., Nayak, S. R.,
Panda, K. C., Desai, A. and Ramchander, P. V.
Genetic Association and Altered Gene Expression
of Osteoprotegerin in Otosclerosis Patients.
Annals of Human Genetics 2015; 79: 225–237.
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Project A: Identification of LipY inhibitors as antitubercular agents using stepwise virtual screening
Introduction /Background
LipY, is a lipase belonging to lipase PE family and a
sub-member of PE-PGRS family of proteins. The cytosol of
Mycobacterium tuberculosis contains lipid inclusion
bodies that are enriched with triacylglycerol (TAG).
During dormant state these energy bodies are used for
the survival of Mycobacterium tuberculosis. The LipY
possesses TAG hydrolase activity that reactivates the
pathogen by utilizing the stored TAG. It is a key enzyme
for increased virulence and immunopathogenesis of
tuberculosis due to its restricted distribution in a few
pathogenic species. Strategically, LipY can be exploited
against TB infection by inhibiting this reactivation
process by small molecule inhibitors.
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Specific Aims
•

Modeling of the three dimensional structure of
the LipY protein.

•

Identification of small molecule inhibitors of LipY
using chem and bioinformatic techniques

Work achieved in the current year
We have performed homology modeling, shape
based screening of PubChem database and docking of the
selected compounds to identify high-affinity binders of
LipY. We have reported diverse compounds that can be
used further for the development of effective LipY
inhibitors.
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Homology modeling of LipY protein:
There is no three-dimensional crystal structure
for LipY, therefore, a 3D homology model was prepared
for current studies. The homology modeling was
performed by using Modeller v9.13 software using X-ray
crystal structure of a putative esterase from
Staphylococcus aureus(PDB ID: 3D7R). The sequence
alignment was done by PROMALS3D server using LipY
sequence and X-ray template. A total of fifty models were
generated and the best model was chosen on the basis of
lowest pdf score as implied in Modeller. The best model
was taken to Schrodinger Prep wizard where correct
bond-orders and ionization states were assigned;
terminals were capped, and heavy atoms were minimized
up to 0.3 Å RMSD. The modeled structure of LipY consists
of 8-beta strands and five alpha helices similar to the
template. The modeled structure was verified for
stereochemical quality using Ramachandran plot (~98%
residues in favoured/allowed regions).
To optimize proper fit and interactions with conserved
residues at the binding site, induced fit docking (IFD)
with constraints was performed. A few molecules have
recently been reported as inhibitors of LipY (figure 1).
The refinement was done using the reported most active
ligand (10). It was docked in the generated homology
model using IFD module in the Maestro. A docking grid

was generated using reported active site residues that
line the binding pocket (Phe150, Ser148, Leu418,
Trp415, Leu417, His251, Ser309, Leu385, Asp414,
Ile412, His413, Asp383, Trp339, Ser337, Pro338,
Pro384). A hydrogen bond constraint was created
between Trp339 and ligand as reported by Saxena et al.
The IFD was performed by keeping other default settings.
The best-scored pose was selected as initial complex for
further studies. (figure 2)
PubChem database retrieval, pre-processing and
shape based screening:
The PubChem database (https:// pubchem. ncbi.
nlm.nih. gov) contains 461937 small compounds and was
used for the identification of putative inhibitors in this
study. Each compound in this database is identified by a
unique identification number (compound ID or CID) with
information on its structure and bioactivity data. The
database pre-processing was done by OpenEye-FILTER
program (www.eyesopen.com/filter). A total of 167683
compounds were selected and were subjected to
conformer generation using OpenEye-OMEGA software.
The conformers were then used for the subsequent shape
based screening approach using vROCS software. Four
diverse compounds (1, 2, 7 & 10) were selected and used
for shape based screening. The compounds were ranked
by TanimotoCombo score as implied in ROCS.

Fig. 1. The molecules considered as lead in the current study.
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Docking of the compounds:
Top-ranked 10000 compounds from vROCS were
docked in the active site of the LipY homology model
using software Glide in standard precision (SP) mode.
The docked ligands were ranked by the GlideScore using a
cutoff of -7.0 kcal/mol. The flowchart of the virtual
screening is shown in figure 3.
Binding affinity estimation using MM/GBSA:
The selected docked poses were re-scored using
MM/GBSA in Schrodinger suite where residues within 5 Å
of the ligand were considered flexible. Top 20%
compounds were selected for further analysis (figure 4).
In the current study, the compounds were clustered using
structural fingerprints to identify diverse hits using
scaffold hunter software. The fingerprints were
generated for the selected 143 compounds using
EStateBitFingerprinter. Compounds were then classified
on the basis of their fingerprint and number of rings
present in each compound. A total of forty two clusters
were identified (figure 5). A representative compound
was selected from each cluster on the basis of high
MM/GBSA binding affinity score. The docking poses of
top five compounds based on MM/GBSA score are shown
in figure 6.

Fig. 4. The distribution of molecules vs. binding energy. The
molecules having binding energy > 100 kcal/mol were selected
for further analysis.

Future Plan:
•

A molecular dynamics simulation will be carried
out to gain insight into the conformational
flexibility of the LipY protein. It will also help in
u n d e r s t a n d i n g t h e s t r u c t u re f u n c t i o n
relationship.

Fig. 5. The dendrogram of the clustering of the compounds.

Fig. 2. The initial complex for the docking studies.

Fig. 3. The flowchart of the virtual screening protocol.
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Fig. 6. The docking interactions of the selected compounds.
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Publications

•

“Doxorubicin Inhibits E. coli Division by
Interacting at a Novel Site in FtsZ”, Pragnya Panda,
Ashoka Chary Taviti, Suresh Satpati, Mitali
Madhusmita Kar, Anshuman Dixit**, Tushar
Kant Beuria**, Biochem. J., 2015.

•

“Development of novel antibodies against nonstructural proteins nsP1, nsP3 and nsP4 of
chikungunya virus: potential use in basic
research”, Sameer Kumar, Prabhudutta Mamidi,
Abhishek Kumar, Itishree Basantray, Umarani
Bramha, Anshuman Dixit, Prasanta, Kumar
Maiti, Sujay Singh, Amol, Ratnakar Suryawanshi,
Subhasis Chattopadhyay, Soma Chattopadhyay**,
Arch. Virol., 2015160, 2749-2761.

Original peer-reviewed research articles
•

•
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“Novel homologated-apio adenosine derivatives
as A3 adenosine receptor agonists: design,
synthesis and molecular docking studies”,
Amarendra Panda, Suresh Satpati, Anshuman
Dixit# and Shantanu Pal#, RSC Adv., 2016, DOI:
10.1039/C5RA26416B, Accepted.
"Anoxic-Aerobic SBR system for nitrate,
phosphate and COD removal from high-strength
wastewater and diversity study of microbial
communities", J. Jena, Ravindra Kumar,
Anshuman Dixit, Trupti Das, Biochem. Engg. J.,
2016, 105, Part A, 80–89.
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Project A: Mcl-1 dependency of chemoresistant oral squamous cell carcinomas
Introduction/ Background
Oral Squamous Cell Carcinomas (OSCC) is a
prevalent disease in India with the 5 year survival rate as
low as 53%. The commonly used chemotherapy drugs for
OSCC are Cisplatin and 5-Fu. But tumor relapses in 70% of
chemotherapy treated OSCC patients. Chemoresistance
is primary cause of treatment failure in OSCC. The
resistance could be attributed due to multiple factor such
as decreased drug accumulation due to active ABCtransporters and enhanced cancer stem cell properties.
Overcoming chemoresistance can significantly enhance
OSCC therapy and prevent recurrence. In this study, we
explored the potential role of Bcl-2 anti-apoptotic
proteins in chemoresistant OSCC.

Work achieved in the current year

chemoresistance cells we considered OSCC cell lines like
H357,SCC4, SCC9. Initially, these cell lines were treated
with different concentration of either cisplatin or
Celecoxib or 5Fu and the IC50 value was determined.
Further, these cell lines were cultured for 2-3 months in
the presence of increasing concentrations drugs up to
respective IC50 (ranging from 1µM to 10/15µM). These
cultures were maintained for 6-8 months by regular
changes of medium in presence of 10/15µM (IC50 value)
drug concentration until the surviving cells recovered a
normal growth pattern. We indicate the H357 parental
sensitive lines as H357 CisS and H357 resistant cells as
H357 CisR. Cell death assays (annexin-V/PI) using flow
cytometry were performed to characterize these
resistant cells. We found that H357CisR, H357 5FuR and
SCC4 CisR cells showed significant less sensitivity to
death against cisplatin or 5Fu compare to their respective
parental cells (Fig. 1).

Generation and characterization of chemoresistance
OSCC cell lines :

Expression of different anti-apoptotic proteins in
chemoresistance OSCC cell:

Chemoresistance OSCC cell lines were developed
by acquired resistance method. For development of these

In our study, we evaluated the expression of
different Bcl-2 anti-apoptotic families (both at protein

Specific Aims
•

Evaluation of Mcl-1 as potential therapeutic
target for chemoresistant OSCC.
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Fig. 1. Characterization of chemoresistance OSCC cells A) H357 Cisplatin resistance (H357CisR) and Cisplatin sensitive (H357CisS) were
treated with indicated concentration of cisplatin for 48h after which apoptosis assay was performed using Annexin-Alexafluro 488A/PI
kit (Thermofisher) using flow cytometry. The dot plots are represented and the percentage of early apoptotic (lower right) and late
apoptotic cells (upper right) are indicated. B) Graphical representation of apoptotic cells in H357CisS and H357CisR cells as mentioned in
panel A (n=3). C) Graphical representation of apoptotic cells in H357 5FuS and H357 5-FuR cells after treatment with indicated
concentration of 5-Fu for 48h (n=3). D) Graphical representation of apoptotic cells in SCC-4CisS and SCC-4CisR cells after treatment with
indicated concentration of cisplatin for 48h (n=3).

and m-RNA) in chemoresistant OSCC cells. Among all
anti-apoptotic proteins Mcl-1 was predominantly found
to be up-regulated in cisplatin/5Fu resistant OSCC cells
(Fig. 2A&B) as compared to sensitive counterpart, but not
Bcl-2 and Bcl-xL. In SCC-4 celecoxib resistant cells we
found up-regulation of all three anti-apoptotic proteins
(Fig. 2A&B).
Knocking down Mcl-1 restores cell death in cisplatin
resistant OSCC cells.
H357CisR cells were transfected with control
SiRNA or SiRNA against Mcl-1, bcl-2 and Bcl-xL followed
by treatment with Cisplatin in a dose dependent manner.
Here, we found that only SiMcl-1 (but not Bcl-2SiRNA or
Bcl-xL SiRNA) could induce cell death in cisplatin
resistant OSCC cells (Fig. 3A, B). Figure 3C indicates the
efficacy of SiRNA transfected to H357CisR.
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Future Plan
•

Targeting Mcl-1 could restore cell death in
chemoresistant OSCC

•

Evaluation the role of Bcl-2 anti-apoptotic family
proteins in enhance population of cancer stem
cells (CSC) in OSCC chemoresistance Cells.

Publications
Original peer-reviewed research articles
•

Maji S, Samal SK, Pattanaik L, Panda S, Quinn BA,
Das SK, Sarkar D, Pellecchia M, Fisher PB, Dash R.
Mcl-1 is an important therapeutic target for oral
squamous cell carcinomas. Oncotarget 2015;
6(18): 16623-16637.
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Fig. 2. Expression of different anti-apoptotic proteins in
chemoresistance OSCC cells A) Relative mRNA (fold change)
expression of antiapoptotic markers Mcl-1, Bcl-2, Bcl-xL (n=3)
were analyzed by qRT PCR in different chemoresistant OSCC
cells as compared to the sensitive counterpart i.e. H357CisR
(upper left panel), SCC-4 CisR (upper right panel), H357 5FuR
(Lower left panel) and SCC-4 Celecoxib R (Lower right panel).
Loading control is GAPDH. B) Cell lysates from indicated
resistant and sensitive were isolated and subjected to
immunoblotting against Mcl-1, bcl-2, Bcl-xL and β-actin
antibodies.
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Fig 3: Knocking down Mcl-1 could induce cell death in cisplatin
resistance OSCC cells: A) H357CisR cells were transfected with
Control Si or Bcl-2Si or Mcl-1Si or Bcl-xL Si followed by
treatment with indicated amount cisplatin for 48 h, after which
cell death was determined by Annexin-Alexafluro 488A/PI assay
using flow cytometry. The dot plots are represented and the
percentage of early apoptotic (lower right) and late apoptotic
cells (upper right) are indicated. B) Graphical representation of
apoptotic cells in H357CisR transfected with indicated SiRNA
mentioned in panel A (n=3). C) H357CisR cells were transfected
with Control Si or Bcl-2Si or Mcl-1Si or Bcl-xL Si for 24h and RNA
were isolated. RT-PCR was performed against indicated genes.
Loading control is GAPDH.
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Project A: Screening and validation of clinically approved drugs that could inhibit NF-кB signalling
in prostate cancer (PCa) cells
Introduction and Background
In recent years, nuclear factor κB (NF-κB)
pathway has gain attention as a mediator of chemoradiation resistance in various cancer cells. Several
experimental and clinical evidence have shown
involvement of NF-κB in growth, metastasis, and chemoradiation resistance of PCa cells. Therefore, identification
of novel, effective and safe NF-κB inhibitors is warranted,
and we believe that for this purpose drug repositioning
could be very useful. Together, the major goal of this
proposed study is to identify novel NF-κB inhibitors
through drug repurposing and validate their
efficacies against prostate cancer cells by themselves
or in combination with other chemotherapeutics.

Specific Aims
•

Screening and validation of potential NF-κB
inhibitors against multiple prostate cancer cell
lines in vitro
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•

To check the efficacy of selected candidates in solo
or in combination of chemotherapy drugs using
prostate cancer animal model

•

To investigate the contribution of NF-κB
inhibition behind the cytotoxic effect of such
drugs in prostate cancer cell lines

Work achieved in the current year
Screening of FDA-approved drugs as potential NF-κB
inhibitors in PCa cells
To screen novel NF-κB inhibitors we have
proposed to use a semi-high throughput NF-κB mediated
Luciferase reporter assay system. PCa is very
heterogeneous in nature; therefore, we will use multiple
PCa cell lines (PC3, DU145, LNCaP and MAT-LyLU) that
are stably transduced with NF-κB-Luc reporter system.
The PC3-NF-κB-Luc stable cell line has already been
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generated in our laboratory (Jain Sumeet et al. 2015). In
between, we have already finished screening of 800
candidates. Out of these candidates we have noticed 15
drugs that could suppress the basal constitutively active
NF-κB in PC3 cells (data not shown). Interestingly, we
have also noticed certain candidates that enhanced the
NF-κB activity in PC3 cells. Out of these candidates, some
have already been reported as NF-κB activator or
suppressors. In this screening system, we are using invivo luciferin to measure the luciferase activity; therefore,
after obtaining the luciferase reading we are staining all
the wells with crystal violate and quantifying the cell
numbers. Later, we are normalizing the luciferase
intensity (NF-κB activity) with the corresponding crystal
violate intensity (number of cells). Recently, we have also
generated MAT-LyLu-Luc cell lines and have used these
cell lines to check the NF-κB inhibitory activity of plant
derived recombinant PAR4 (Sarkar et al. 2015). Taken
together, we have generated a reliable cell-based NF-κB
inhibitor screening strategy and have identified certain
novel candidates that might be instrumental in prostate
cancer therapy.
Secondary validation of a NF-κB-inhibitor identified
through the drug screening:
To validate our screening results, we picked one
candidate (currently coded as D-9) and checked its effect
on NF-κB inhibition through immunoblotting analysis.
For this purpose 1x105 PC3 cells were seeded in a 60 mm
plate. After 24 hr of cell seeding, the cells were treated
with 1µM of D-9 for 8h. Cell lysates were harvested with
RIPA buffer, protein samples were resolves through 10%
acrylamide gel, transferred to the PVDF membrane,
incubated with primary antibody for p-IkBα overnight
and then incubated with horseradish peroxidaseconjugated secondary antibodies. Protein expression
was visualized by ECL chemiluminescence. The same
membrane was stripped and processed for IkBα and β
actin detection Figure 1.

Fig.2. Cell viability estimated through MTT assay shows the
effect of D-9 in sensitizing DU145 prostate cancer cells to
paclitaxel

plate, and after attachment of the cells we treated the cells
with different concentrations of D9 and/or paclitaxel for
48h. We observed that drug D-9 did not have any visible
cytotoxic effect by itself. However, it sensitized DU145
cells to paclitaxel. Treatment of the cells with D-9 and
paclitaxel at a time reduced the viability by more than 50
%( Figure 2).
Generation of DU145-NF-κB-Luc orthotopic PCa
tumor model
To checked the effect of drugs on NF-kB activity of
PCa cells in vivo, we have genared DU145-NF-κB-Luc
orthotopic PCa xenograft model. For this purpose,
DU145-NF-κB-Luc cancer cells were orthotopically
injected into the prostate gland of male nude mice. After

Effect of D-9 on the viability of prostate cancer cells
with or without chemotherapeutics
To test whether D-9 by itself and/or in
combination with known chemotherapeutic like
paclitaxel is able to suppress the growth of prostate
cancer cells or not? The cell viability assay (MTT) was
performed. 1x104 DU145 cells were seeded in a 96 well

Fig.1. Immunoblot analysis shows the effect of D-9 on inhibiting
the phosphorylation of IkBα. TNFα was used as a NF-κB activator
and curcumin was used as NF-κB inhibitor.
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Fig.3. DU145-NF-κB-Luc orthotopic PCa tumor model: After 15
days of cancer cells' injection, bioluminescent imaging (in vivo
and ex vivo) was performed by using IVIS Lumina XR imaging
system (Caliper Life Sciences). Histology shows location of
DU145-NF-κB-Luc tumor inside the mouse prostate.
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15 days of cancer cells' injection, bioluminescent imaging
was performed by using IVIS Lumina XR imaging system
(Caliper Life Sciences). Figure 3 clearly shows the
establishment of orthotopic tumor and basal NF-κB
activity of DU145 cells in vivo. All the animal studies were
conducted following the animal ethics guidelines and
prior approval of animal ethics committee of the Institute
of Lifesciences (ILS), Bhubaneswar.

Future Plan
•

Secondary validation of NF-kB inhibitors
identified through drug screening (in vitro and in
vivo)

•

Screening of selected NF- kB inhibitors on
prostate cancer cells' viability

•

To check the combinatorial effect of NF-kB
inhibitors and conventional chemotherapeutics
(paclitaxel and docetaxel) agaist PCa cells in vitro
and in vivo

Project B: Identification of novel drugs against
desmoplastic pancreatic tumor
Introduction/Background
Desmoplasia in human pancreatic cancer (PC)
promotes cancer progression and hinders effective drug
delivery. Desmoplasia arises from the activation of
pancreatic stellate cells (PSCs) that constitute 4-7% of the
total cell population of normal pancreas. Studying the
role of PSCs in PDAC is indispensable and so it is
necessary to develop suitable in vitro and in vivo models
that closely resemble the tumor associated desmoplasia
seen in humans.

Specific Aims
• To characterize a homologous orthotopic model of
PC in Syrian golden hamster (as a model of PC
desmoplasia)

• Screening of FDA approved drugs against
activated myofibroblasts or PSCs

• Validation of anti-fibrosis property of drugs
selected from the above screening

• To check the efficacy of selected antifibrotic drugs
on pancreatic cancer associated fibrosis in vitro
and in vivo

Work achieved in the current year
DSF and DSF-Cu have direct cytotoxic effects on PSCs
and HapT1 cells; their cytotoxic effect on hamster PSCs
and HapT-1 cells is ROS-dependent and -independent,
respectively.
In an effort to identify novel drug candidates for PC
desmoplasia, an FDA-approved drug library screening
was performed against the survival of activated rat-PSCs
in culture (data no shown). Out of the 18 drugs selected ,
initially one candidate, disulfiram (DSF), was chosen and
validated against PSCs of different origins. After 24 hours
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of drug treatment, followed by five days of culture, a
significant reduction in cell viability of PSCs was
observed when using 120 nM DSF (except human) and 50
nM DSF with 10 µM CuCl2 combination for all types of
PSCs. The cells treated with only dimethyl sulfoxide
(DMSO) or DMSO with 10 µM CuCl2 showed no significant
effect on the viability of PSCs (data not shown).
Both MTT and colony formation assay showed
cytotoxic effects for DSF or DSF-Cu in HapT1 cancer cells
(data no shown). In co-culture models, PSCs are known to
promote growth, chemo-resistance, and radiation
resistance in PCCs. Based on the above data, we
hypothesized that cytotoxic effect of DSF on PSCs will
suppress the growth advantage provided by these cells to
cancer cells in vitro. To check this hypothesis, we
established a co-culture system of ha-PSCs and ha-PCCs
(HapT1) in which the HapT1cells are labelled with a
luciferase gene. The data clearly suggest that ha-PSCs
indeed promote growth of HapT1 PCCs (data not shown).
Importantly, pre-treatment of PSCs with 50 nM DSF and
10 µM CuCl2 for 12 hours only significantly reduced the
growth promoting effect of PSCs on HapT1 cells (p =
0.0484). However, within this time frame, 50nM DSF
alone was not sufficient to reduce the growth advantage
provided by PSCs to HapT1 cells. In a parallel experiment,
only PSCs were cultured and treated with 50 nM DSF or
50 nM DSF with 10 µM CuCl2 for 12 hours and processed
for crystal violet staining. The data obtained from this
experiment showed reduced numbers of PSCs after 12
hours of treatment with DSF and Cu; however, in other
conditions there was no significant change (data not
shown). Together, the results suggest that the DSF/DSFCu-induced reduction in the number of PSCs and/or
change in their secretory properties is responsible for
reducing the growth promoting effects conferred by PSCs
to PCCs. DSF is known to induce cell death in multiple
cancer cells by enhancing reactive oxygen species (ROS).
Therefore, to determine whether the effect of DSFmediated cell death is through ROS, this study examined
the viability of ha-PSCs and HapT1 cancer cells that were
pre-treated with n-acetylcysteine (NAC) at a 1 mM
concentration. Analyses of the data clearly showed the
suppression of DSF or DSF-Cu-mediated cytotoxicity in
rat and hamster PSCs by NAC; however, NAC pretreatment failed to supress cytotoxic effect of DSF on
HapT1 cancer cells (data not shown).
DSF alone partially suppressed the growth of HapT1
orthotopic tumors in a syngeneic host but did not
suppress desmoplastic reactions.
Although the anticancer activity of DSF or DSF-Cu
against PCC lines has been established previously, its
effect on cancer-associated PSCs and/or on cancerassociated fibrosis has remained unclear. Importantly,
the effect of DSF on the growth of desmoplastic tumors
has not yet been addressed. Therefore, the present study
aimed to determine the effect of DSF on a HapT1
desmoplastic tumor model. At the end-point evaluation,
we were confounded to see that animals injected with
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Fig.4. Effect of DSF, with or without Cu, on HapT1 orthotopic tumors. A) Representative images of tumors harvested from different
groups and quantification of tumor weights show smaller tumors in only DSF-treated animals compared with vehicle controls. However,
animals treated with DSF+Cu have larger tumors compared with control animals. B) Quantification of tumor weights shows a significant
reduction in the tumor weight only in DSF-treated tumors compared with corresponding control tumors. C) Histopathological analysis
through H&E staining, aniline blue staining, and IHC for α-SMA shows similar levels of desmoplastic reaction in all the primary tumors,
irrespective of the type of treatment. IHC for Ki67 shows the proliferative cells present in different tumor tissues. n = 5; each value
presents the average of two stained sections per tumor. Data presented as mean + SE; *p < 0.05; **p < 0.005.

DSF-Cu demonstrated a greater tumor burden (both
primary and metastatic) compared with any other group
(Figure 4). Animals injected with only DSF showed, on
average, a 16% reduction in primary tumor weight and
decreased metastasis (data not shown) compared with
the corresponding animals treated with the vehicle
(Figure 4). Between the two vehicle treatment groups,
there was no significant difference in the primary tumor
weights. Further, the H&E stained sections showed
desmoplastic reactions in all the groups (Figure 4).
Moreover, estimation of collagen deposition (through
aniline blue staining) and the number of α-SMA positive
cells showed no significant difference among animals of
various groups (Figure 4). Finally, quantification of Ki-67
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positive cells showed a significant decrease and increase
in the number of proliferative cells in DSF and DSF+Cu
treated groups compared with their corresponding
controls, respectively (Figure 4).

Future Plan
•

To evaluate efficacy of other potential anti fibrotic
agens in vitro and in vivo

Publications
Original peer-reviewed research articles
•

*Barman P, Mukherjee R, Prusty B, Suklabaidya S,
Senapati S, Ravindran B.Chitohexaose protects
against acetaminophen induced hepatotoxicity in
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mice. (2016) Cell Death & Disease (In Press).
•

**Sarkar S, Jain S, Rai V, Sahoo DK, Raha S,
Suklabaidya S, Senapati S, Rangnekar VM, Maiti
IB, Dey N. Plant-derived SAC domain of PAR-4
(Prostate Apoptosis Response 4) exhibits growth
inhibitory effects in prostate cancer cells. (2015)
Front Plant Sci. 2015 Oct 7;6:822. PMID No:
26500666
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•

**Singh A, Jain S, Senapati S, Verma RS and Sahoo
SK. Magnetic nanoparticles labeled mesenchymal
stem cells: A pragmatic solution towards targeted
cancer theranostics. (2015) Advanced Healthcare
Materials. September
**: Collaborative work of ILS faculty
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Project A: Structural characterization of Caseinolytic protease-associated chaperones from
Arabidopsis thaliana
Introduction and Background
Clp/HSP100 proteins are molecular
chaperones involved in protein quality control both in
plants and eubacteria. They assist in protein
(un)folding and prevent aggregation. In the past, the
role of caseinolytic proteins ClpC1/C2 and ClpD from
plant chloroplasts have been studied primarily by
means of physiological studies and reverse genetics
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approach. In the present work, we aim to structurally
characterize ClpC1/C2 and ClpD proteins from
Arabidopsis thaliana. As the full-length proteins were
not amenable to crystallization, we decided to focus on
the individual domains of the proteins. Here we report
our progress with structural characterization of ClpC1
and ClpD domains.
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Specific Aims
•

Structural characterization of the N-terminal
domain of AtClpC1 and AtClpD

Work achieved in the current year
The DNA sequence coding for the N-terminal
domain of AtClpC1 as well as AtClpD were amplified by
PCR from the codon optimized gene for the proteins
obtained from Genscript (NJ, USA). The amplified
products after restriction digestion were cloned into a
pET22b(+) vector between NdeI and XhoI restriction
sites for AtClpC1-NTD and into a pGEX-6P-1 vector
between BamHI and XhoI restriction sites for AtClpDNTD. The individual domains were overexpressed in
soluble form using E. coli BL21 (DE3) cells (Invitrogen) by
IPTG induction. Over-expressed AtClpC1-NTD (spanning
residues 1 to 145) was purified with a HisTrap FF column
(GE Healthcare), followed by a size-exclusion purification
step with a HiLoad 16/600 Superdex 75 prep grade
column (GE Healthcare). In case of AtClpD-NTD
(spanning residues 1 to 156), the first round of
purification of the GST-fusion protein was carried out
using a GSTrap column (GE Healthcare) and the GST-tag
cleaved off using Prescission Protease (GE Healthcare).
The cleaved protein mixture was again subjected to
GSTrap purification, followed by a size-exclusion
purification step with a HiLoad 16/600 Superdex 75 prep
grade column. All purification steps were carried out
using an AKTA-Pure M protein purification system (GE
Healthcare). The purified proteins were concentrated to
about 7 to 15 mg/ml and set up for crystallization
screening. Crystals appeared in vapor diffusion plate in
several conditions for AtClpC1-NTD and single crystal of
AtClpC1-NTD from a condition having 1 M ammonium
phosphate and 100 mM sodium citrate (pH 5.6) was used
for the final structural work. In case of AtClpD-NTD, only a
single condition having 20% v/v 2-propanol, 100 mM
MES monohydrate (pH 6.0) and 20% w/v polyethylene
glycol monomethyl ether 2000 yielded crystals and a
single crystal from this condition was used for data
collection.
Preliminary diffraction data collection
experiments for AtClpC1-NTD crystals were carried out
at the x-ray diffraction facility of Indian Institute of
Chemical Technology (IICT), Hyderabad, India on an Raxis IV++ machine equipped with an image plate detector.
High resolution dataset of AtClpC1-NTD crystal was later
collected from the Indian synchrotron radiation source at
the RRCAT beamline BL21 and recorded with a MarCCD
detector. Dataset for AtClpD-NTD was collected from the
BM14 beamline of European Synchrotron Radiation
Facility (ESRF) and recorded with a MarCCD detector. The
diffraction data were processed using iMOSFLM and
AIMLESS from the CCP4 suite of programs. The crystal
belonged to the orthorhombic space group P212121 with
one monomer in the asymmetric unit for AtClpC1-NTD
and the monoclinic space group P1211 with two
molecules in the asymmetric unit for AtClpD-NTD. The
crystal structure of AtClpC1-NTD was solved by
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molecular replacement method with the aid of the
program Molrep from CCP4 suite of programs, using the
coordinates of M. tuberculosis ClpC1 NTD crystal
structure in complex with Cyclomarin A (PDB ID 3WDC),
but using only the NTD coordinates as a search model.
Whereas, for AtClpD-NTD, the crystal structure was
solved by molecular replacement using the AtClpC1-NTD
coordinates as the search model. Model building and
structure refinement were carried out using COOT and
Refmac5 from CCP4 suite of programs.
The high resolution (1.2 Å) structure shows the
AtClpC1 N-terminal domain to be made up of eight ahelices. The fold of the NTD contains two repeats of a 4helix motif that share 46% sequence identity. The overall
structure of AtClpC1 NTD is similar to that of ClpC1 NTD
from M. tuberculosis (Fig. 1). The 1.6 Å structure of AtClpD
N-terminal domain has a similar domain organization.
However, structural alignment shows the region
corresponding to a3 of AtClpC1-NTD to be disorganized
into a loop region for AtClpD-NTD (Fig. 2). The loop
connecting the two 4-helical motifs (between a4 and a5)
of AtClpC1-NTD is 15-residue long, whereas the
corresponding loop in AtClpD-NTD is 26-residue long,
highly disordered and could only be partially built due to
absence of electron density. The N-terminal domain of
AtClpC1 protein is known to bind to the adaptor protein
AtClpS1. However, AtClpD is known not to have such an
interaction with AtClpS1. Predictions suggest the face
close to the loop region of AtClpC1-NTD between a4 and
a5 to interact with AtClpS1. It is perhaps the longer loop
of AtClpD-NTD that sterically prevents the binding of
AtClpS1 to AtClpD.

Fig.1. Structure overlap of AtClpC1 N-terminal domain with M.
tuberculosis ClpC1 N-terminal domain. AtClpC1 is shown in red
(helix) and green (loop). MtClpC1 is shown in blue (helix) and
magenta (loop). The structures overlap with an r.m.s. deviation
of 0.65 Å. The figure was prepared using PyMOL.
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•

Determination of crystal structure of AtFKBP53
and its functional domains

Work achieved in the current year

Fig.2. Structure overlap of AtClpC1 N-terminal domain with
AtClpD N-terminal domain. AtClpC1 is shown in red (helix) and
green (loop). AtClpD is shown in blue (helix) and magenta (loop).
Helix-3 of AtClpC1 is labelled. The structures overlap with an
r.m.s. deviation of 1.21 Å. The figure was prepared using PyMOL.

Future Plan
•

We have obtained crystals presumably of ClpS1 in
complex with the N-terminal domain of AtClpC1
and the same are being optimized for better
diffraction quality. We are also trying to
crystallize the ATPase domains of AtClpC1/C2
and AtClpD for structural characterization. Once
the structures are obtained, we hope to
understand how the three-dimensional
structures can explain the functional variations of
these chaperones. Overall, we aim to get a clear
idea about the structural and functional
attributes of Clp protease machinery-associated
chaperone proteins in plants.

Project B: Structural and biophysical characterization
of the histone chaperone AtFKBP53
Introduction/Background
The mechanism of DNA packaging over histones
and the structure of histones are highly conserved in the
eukaryotic kingdom. Nucleosome assembly following
DNA replication, DNA repair and gene transcription is
critical for the maintenance of genome stability and
epigenetic information. The process of histone
deposition during nucleosome assembly is assisted by
specific histone chaperones. Plants possess a number of
histone chaperones. AtFKBP53 is a 53 kDa, nuclearlocalized, FK506-binding protein which functions as a
histone chaperone and is involved in repression of
ribosomal RNA gene expression. Herein, we are
undertaking structural/biophysical characterization of
AtFKBP53 by itself and in complex with histones.

Specific Aims
•

Biophysical characterization of AtFKBP53 and its
functional domains
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The bacterial over-expression construct for fulllength AtFKBP53 was obtained from the laboratory of
Prof. Sheng Luan of University of California Berkeley
(USA). The protein was not expressing in bacteria and we
decided to prepare the N- and C- terminal domain
constructs of AtFKBP53. The N-terminal 100-residue
stretch showed low degree of homology to
nucleoplasmins which are known histone chaperones
and the C-terminal domain showed relatively high
homology to FK506-binding proteins (FKBPs). The two
functional domains are connected by a long stretch of
highly charged amino acids. The DNA sequence coding for
the nucleoplasmin-like and FKBP domains of AtFKBP53
were amplified by PCR from the full-length construct. The
amplified products after restriction digestion were
cloned individually into pET22b(+) vector between NdeI
and XhoI restriction sites. Over-expression of individual
domains in soluble form was carried out in E. coli BL21
(DE3) cells by IPTG induction. The over-expressed
recombinant AtFKBP53 -NTD and –CTD were both
purified by affinity chromatography using a HisTrap
column (GE Healthcare). AtFKBP53-NTD was further
purified by a size-exclusion purification step with a
HiLoad 16/600 Superdex 200 prep grade column. The Cterminal FKBP domain was purified using a HiLoad
16/600 Superdex 75 prep grade column. All purification
steps were carried out using an AKTA-Pure M protein
purification system (GE Healthcare) at 4 oC.
The purified proteins were concentrated to about
10 to 20 mg/ml and set up for crystallization screening
using commercially available crystallization screens with
the help of a NT8 crystallization robot (Formulatrix) in
96-well MRC sitting drop plates. Cubic and rod-shaped
single crystals were obtained for the nucleoplasmin-like
domain and the same have further been optimized by grid
screening in 24-well plates. AtFKBP53 FKBP domain has
so far yielded only micro crystals which need to be
improved for better size. In order to get the full-length
protein expressed in bacteria, gene for the protein codon
optimized for bacterial expression is being procured from
Genscript (NJ, USA).
Nucleoplasmins are functional as histone
chaperones in stable pentameric and at times decameric
forms. Fig. 1 shows the NMR structure of the pentameric
nucleoplasmin-like N-terminal domain of Drosophila
FKBP39. However, the nucleoplasmin-like domains of the
two proteins are only about 25% identical in sequence.
We wanted to know whether AtFKBP53 nucleoplasminlike domain also exists in oligomeric form like other
known nucleoplasmins. Size exclusion purification with
prep grade chromatography columns showed the protein
to be eluting way earlier than expected. Analytical size
exc l u s i o n c h ro m a to g ra p hy o f t h e At F K B P 5 3
nucleoplasmin-like domain using a Superdex 200 10/300
GL column (GE Healthcare) revealed the protein to exist
predominantly as a pentamer and a smaller percentage as
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decamer. The pentameric form of the protein was found
to be highly thermostable (up to 90oC; Fig. 2) and
resistant to denaturation by urea up to a concentration of
8 M. This shows the domain to be a very stable pentamer.
In order to perform interaction studies, codon
optimized ORFs of A. thaliana core histones H2A, H2B, H3
and H4 for bacterial expression were obtained from
Genscript, USA. The clones were transformed into E. coli
BL21 (DE3) pLysS cells and over-expressed using
standard protocols. Histone proteins were isolated from
inclusion bodies and purified by gel filtration
chromatography using a HiLoad 16/600 Superdex 200pg
column (GE Healthcare) under unfolding conditions in
room temperature. The plasmid construct to produce the
145 bp DNA was provided by Dr. Curt Alexander Davey
(Nanyang Technological University, Singapore). Eight
copies of strong-positioning '601' DNA (145 bp) cloned
into pUC57 vector with EcoRV restriction sites in
between was transformed into E. coli HB101 cells and
grown for about 20 hrs in 6-12 liter volumes. The plasmid
was then extracted by alkaline lysis, followed by phenol
chloroform extraction to remove RNA and contaminating
proteins. The 145 bp insert was cut out from the plasmid
by EcoRV digestion and the 145 bp insert DNA needed for
nucleosome preparation was separated from empty
plasmid by a PEG fractionation step.

Future Plan
•
Fig.1. Structure of the pentameric nucleoplasmin-like Nterminal domain of Drosophila FKBP39. The structure has been
represented in two different orientations (A and B). Each subunit
of a pentamer is shown in a different colour.

Data needs to be collected for AtFKBP53
nucleoplasmin-like domain crystals. The crystals
obtained for FKBP domain needs to be improved
for size and diffraction quality. The purified
histones will be refolded to get oligomers such as
H2A-H2B dimers, H3-H4 tetramers as well as
histone octamer. Once octamer is obtained, the
same will be reconstituted along with 145 bp DNA
in order to obtain nucleosome core particles
(NCP). Binding studies of the nucleoplasmin-like
domain will be carried out with the various
histone oligomers as well as with NCP. Prolylisomerase activity and FK-506-binding potential
of the FKBP domain will also be explored.

Publications
Review articles
•
Fig.2. Analytical size exclusion chromatography profile for
AtFKBP53 NTD showing its thermostability. The profiles for
protein samples subjected to different temperatures are shown
in different colours as mentioned in the figure.
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**Vasudevan D, Gopalan G, Kumar A, Garcia VJ,
Luan S, Swaminathan K. Plant immunophilins: a
review of their structure-function relationship.
Biochim Biophys Acta. 2015; 1850(10):2145-58.
** Collaborative work of ILS Faculty.
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Project A: A Comprehensive understanding of the Nasopharyngeal Carcinoma (NPC) in the North-Eastern
Region of India
Introduction / Background
Nasopharyngeal Carcinoma (NPC) is a common
disease in South East Asia, some parts of Africa and the
Arctic, in comparison to the Western world, where it is a
rare malignancy. It may occur at any age and occurs much
more frequently in the Chinese and Southeast Asian
population (18% versus 0.25% in North America).
National Cancer Registry has reported the prevalence
rate to be 1.82% amongst all cancers in this region. NPC is
quite high in Nagaland (about 4.3 per 100000 people
/year). Further the hospital based studies on the pattern
of cancer incidence in Nagaland revealed that out of the
149 biopsies of suspected cancer cases, 37 were
histopathological positive for malignancies and about
2/3rd of them were with cancer of nasopharynx. These
studies suggest the susceptibility of the NE population to
the occurrence of NPC. The three possible etiological
factors contributing to the high incidence of NPC in
various populations are (1) The Epstein Barr virus (EBV),
(2) Genetically determined susceptibility and (3)
Associated environmental factors. Given the ubiquity of
EBV infection worldwide and relatively infrequent and
geographically distinct distribution of NPC incidence, it is
widely accepted that factors other than EBV are also
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important determinants of the risk of NPC.
Being one of the centers of multicentric study, our
objective is to use differential proteomics approach to
identify the differentially expressed proteins and
decipher their role in NPC disease pathogenesis.

Specific Aims
•

I d e n t i f i c a t i o n a n d c h a ra c te r i z a t i o n o f
Differentially expressed proteins involved in
nasopharyngeal carcinoma (NPC) pathogenesis
using comparative proteomic approach.

•

Validation of few differentially expressed proteins
of interest.

Work achieved in the current year
Identification of differentially expressed protein by 2D
electrophoresis
One of the objectives is to carry out comparative
proteomics study to identify the proteins which are
differentially expressed during nasopharyngeal
carcinoma pathogenesis and characterize them to
decipher their role in NPC if any. To achieve this, we have
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planned to go for various approaches. Out of them, we
started with a plasma proteomics approach.
Blood samples were collected by collaborative
sample collection centers of the study present at NorthEastern Region of India after detection and confirmation
of NPC positive cases as well as related normal control.
Plasma separated from Blood samples and used further.
In the plasma proteomics study, the most challenging is
depletion of higher abundant protein like albumin,

globulin etc. from serum samples and enrich the low
abundant proteins. We have used Multiple Affinity
Removal System Spin Cartridges - Hu14 from Agilent (Cat
No. 5188-6560) for removal of top 14 highly abundant
proteins from serum samples. This cartridge eliminates
approximately 94% of total protein from maximum 8 - 10
µL of serum when used with the Multiple Affinity
Removal System. The procedure is followed as per the kit
insert with small modification.

Fig. 1. Representative 2D gel electrophoresis plasma profile of the NPC patients (NPC) and Control samples (Control) using 4-7NL, 11 cm
IPG strip.

Fig. 2. GO annotation of Identified proteins based on A. Cellular Componants B. Molecular function C. Biological Processes.
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These albumin depleted samples were further
used for 2D gel electrophoresis to get good reproducible
gel images. Using 3-11 NL or 4-7 NL, 7 or 11 cm, IPG
strips, samples (80µg of protein for 7cm or 200 µg for
11cm) subjected for 1st and 2nd Dimension and then
resolved gel were silver stained. Fig. 1 is representative
2D gel electrophoresis plasma profile of the NPC patients
(NPC) and Control samples (Control) using 4-7NL, 11 cm
IPG strip.
In 2D gel analysis using 2D Image Master
Platinum software, we could identify as many as 408 and
428 spots on NPC and control plasma proteome profile.
In comparison, 22 differentially expressed spots were
identified. Out of these, 9 spots were highly expressed in
NPC proteome and 13 spots were highly expressed in
control proteome. All these differentially expressed spots
were further subjected to MALDI-TOF-MS analysis. In
mass spectrometry, total 14 proteins were identified
with signifiant score using Mascot search engine. These
identified protein list further subjected to GO annotation.
GO annotation for cellular component indicated that
identified protein were mostly located at different part of
cell organelles as shown in Fig. 2a. GO annotation for
molecular function showed that these proteins were
majorly involved in binding and transporter activity (Fig.
2b). GO annotation for biological process indicated that
these were distributed among various process such as
cellular, single organism, biological regulation and
metabolic (Fig. 2c). Further, validation of these identified
proteins using is in progress.

Future plan
•

Some of the identified proteins will be validated.

•

Alternatively, iTRAQ or DIGE approach for
comparative proteomics study will also be used
to find out differentially expressed proteins
during NPC pathogenesis.

Project B: Differential Proteomics and genetics
approach to reveal the cause of the recent
Chikungunya virus outbreak in India
Introduction / background
After a gap of 32 years, CHIKV infection
reemerged in the form of recent outbreaks in India
during 2005-2008 affecting 1.3 million people in 13
states. The clinical manifestations of the patients during
these outbreaks were found to be more severe compared
to the classical cases. The magnitude of this outbreak led
to speculation that a new variant of the virus had
emerged that was either more virulent or more easily
transmitted by mosquito vectors. The cause of high
virulence and the pathogenecity as compared to earlier
outbreaks are not yet completely understood. These
underline the need for comparative study between
recent Indian outbreak strains (a representative strainDRDE-06) with S-27 prototype strain.
In the current study, we would like to take
proteomics and genetic approaches to understand the
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reason behind the high virulence and the infection rate of
the Indian outbreak strain in comparison to the prototype
Chikungunya virus strain.

Specific Aims
•

To compare the biological phenotypes of the
prototype strain (S-27) & the Indian outbreak
strain (DRDE-06) of CHIKV in mammalian cell
line

•

Identify the cellular proteins which are
differentially expressed by S-27 and DRDE-06
strain of CHIKV

Work achieved in the current year
Earlier, we have shown that all the non-structural
proteins (nsP1-4, E1/E2) were expressed more in case of
DRDE-06 and the expression was also early in case of
DRDE-06. The banding pattern of DRDE-06 was very
different as compared to S-27. Therefore, it might be
suggested that these two viruses are biologically and
phenotypically different and the outbreak strain might
have the ability to replicate faster than the CHIKV
prototype strain
Identification of the differential expression of proteins
after viral infection
In order to check the differential protein
expression, 2D proteome profile of mock Vero cells and
Vero cells infected with Chikungunya virus (CHIKV) strain
of S-27 and DRDE-06 strain were compared. The mock
and the viral infected 2D proteome profiles were obtained
as shown in figure 1. Using image master 2-D platinum v
7.0 software, as many as 762, 883 and 943 protein spots
were identified in Vero cell (mock), Vero cell infected with
S-27 and Vero cell infected with DRDE-06 proteome
respectively. These profiles were further compared and
few differentially expressed protein spots were
identified. These spots of interest were cored.
Alternatively, we had also carried out some DIGE
experiments with protein samples of Vero cells of mock
and CHIKV infected as mentioned above to take care of
reproducibility issue. At present, we are in phase of
analysis of DIGE experiments based on our primary
results. These results will help us to get some idea about
the modulation of viral as well as cellular proteins during
viral infection.
Protein identification using Mass Spectrometry
Protein spots of interest were cored from the 2D
gel subjected for mass spectrometric analysis and these
resulted in identification of total 75 proteins at 95%
protein threshold with minimum 2 unique peptides using
Scaffold v 4.4 software (data not shown).
Annotation of identified proteins / Bioinformatics
analysis of differentially expressed proteins.
The identified differentially expressed proteins in
Vero cells of mock infected and CHIKV S-27 infected cells
were annotated based on cellular componants, molecular
function and biological processes processes using Go
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Fig. 1. 2D Proteome profiles of Vero cell mock (A), Vero cell infected with the S-27 prototype strain (B) and Vero cells infected with DRDE06 (Indian out brake) strain (C). Vero cells were infected with Chikungunya strains at 0.1 MOI and harvested at early time to carry out 2Dgel electrophoresis.

Fig. 2. GO annotation of Identified proteins based on A. Cellular Componants B. Molecular function C Biological Processes.
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annotation. An annotations of these proteins are
represented in figure 2. Analysis for cellular components
showed that these proteins were mainly cell part
(42.6%), organelle (38.9%) and micromolecular complex
(16.7%). Categorization based on molecular function
showed that more than half of identified proteins
accounted for structural molecule (42.3%), binding
(21.2%) and catalytic activity (26.9%) which are
essential for cell to cell interaction and metabolic activity.
The rest of the proteins were found to be involved in
enzyme regulator activity, nucleic acid binding
transcription factor activity and translation regulator
activity. The classification of proteins based on biological
processes displayed more than half of identified proteins
in cellular (23.6%), metabolic processes (17.3%), and
localization (13.6%). Other proteins were involved in
biological regulation, cellular compartment organization,
development, response to stimulus and apoptosis and
immune system process. The majority of the proteins
involved in cellular process were distributed into cell
cycle (43.8%) and cell communication processes (6.3%).

restricted epitopes of Chikungunya virus
proteins: Implication in understanding antiCHIKV CD8(+) T cell response and advancement
of epitope based immunotherapy for CHIKV
infection. Infect Genet Evol. 2015 Apr;31:118-26.
doi: 10.1016/j.meegid.2015.01.017.
•

Kumar S, Mamidi P, Kumar A, Basantray I, Bramha
U, Dixit A, Maiti PK, Singh S, Suryawanshi AR,
Chattopadhyay S, Chattopadhyay S. Development
of novel antibodies against non-structural
proteins nsP1, nsP3 and nsP4 of chikungunya
virus: potential use in basic research. Arch Virol.
2015 Nov;160(11):2749-61. doi: 10.1007/
s00705- 015-2564-2.

•

Sahu SK, Chakrabarti S, Roy SD, Baishya N, Reddy
RR, Suklabaidya S, Kumar A, Mohanty S, Maji S,
Suryanwanshi A, Rajasubramaniam S, Asthana
M, Panda AK, Singh SP, Ganguly S, Shaw OP,
Bichhwalia AK, Sahoo PK, Chattopadhyay NR,
Chatterjee K, Kundu CN, Das AK, Kannan R,
Zorenpuii, Zomawia E, Sema SA, Singh YI, Ghosh
SK, Sharma K, Das BS, Choudhuri T. Association of
p53 codon72 Arg>Pro polymorphism with
susceptibility to nasopharyngeal carcinoma:
evidence from a case-control study and metaanalysis. Oncogenesis. 2016 May 9;5:e225. doi:
10.1038/oncsis.2016.31.

•

Sengupta N, Mukherjee S, Tripathi P, Kumar R,
Suryawanshi AR, Basu A. Cerebrospinal Fluid
Biomarkers of Japanese Encephalitis [version 2;
referees: 3 approved]. F1000Research 2015,
4:334 (doi: 10.12688/f1000research.6801.2).

•

Swaroop S, Sengupta N, Suryawanshi AR, Adlakha
YK, Basu A. HSP60 plays a regulatory role in IL-1βinduced microglial inflammation via TLR4-p38
MAPK axis. J Neuroinflammation. 2016 Feb
2;13(1):27. doi: 10.1186/s12974-016-0486-x.

Validation of identified proteins
Some of the identified proteins were subjected for
validation using Westen blot analysis as shown (Data not
shown).

Future direction
•

Compare the biological phenotypes of S-27 &
DRDE-06 of CHIKV in mosquito cell line (C6/36).

•

Identification of differentially expressed host
proteins in mammalian and mosquito cell lines
with respect to S-27 and DRDE-06

Publications
Original peer-reviewed research articles
•

Pratheek BM, Suryawanshi AR, Chattopadhyay S,
Chattopadhyay S. In silico analysis of MHC-I
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Infrastructure / Facilities

Infrastructure / Facilities
•

Distributed Information Sub-Center (DISC)

•

Central Proteomics Facility

•

Experimental Animal Facility

•

Library

•

Central Instrumentation Facility

Distributed Information Sub-Center (DISC)
Scientist In-charge:

Dr. S. K. Das

Lab Technician:

Satya Mohanty
Kinshuk Chandra Nayak

Project A: Bacterial community composition and functional characterization of microbiome
associated with mucus of the coral Fungia echinata collected from Andaman Sea

Introduction / Background
India has a vast reserve of coral reef ecosystem in
the east coast of Andaman and Nicobar Islands. It has
been demonstrated by comparative metagenomic study
that functional attributes in the microbial communities
are evolved by typical environmental adaptation.
Following culture-dependent approach we have
identified several new species of bacteria from the
corals. However, taxonomic and functional profiling of
the microbiome of the coral Fungia echinata from
Andaman Sea has not been performed so far. Our
metagenomic study with coral mucus of Fungia
echinata provides distinct taxonomical and functional
attributes that has not been reported earlier in other
marine environment.

Specific Aims
•

To study the microbial community structure
based on metagenomic approach

•

Functional characterization of the bacterial
whole genome

Work archived in the current year
Bacteria constituted the single largest kingdom
within the mucus-associated microbial assemblage of
the coral F. echinata. Approximately 75.96 % of the

metagenomic sequences were classified as Bacteria and
only 0.21% as viruses; the remaining 23.83% of the
sequences could not be classified due to lack of reference
sequences from close taxonomic relatives. The bacterial
community in the coral mucus was dominated by
sequences affiliated to the class Gammaproteobacteria
(64.7%), followed by the class Alphaproteobacteria
(3.5%); the other bacterial sequences (abundances < 0.1
- 0.2%) were affiliated to the Betaproteobacteria,
Flavobacteriia, Clostridia, Deltaproteobacteria, and
Bacilli (Figure 1). The virus-like sequences were
classified as dsDNA viruses of the order Caudovirales. At
the order level (Figure 1), the major bacterial groups
i d e n t i f i e d we re P s e u d o m o n a d a l e s ( 3 5 . 6 % ) ,
Oceanospirillales (17.9%), Rhodobacterales (3.0%), and
Alteromonadales (2.8%), whereas the abundance of taxa
(< 1%) were Vibrionales, Clostridales, Flavobacteriales,
Rhodospirillales, Burkholderiales, Enterobacteriales,
Chromatiales, and Rhizobiales. Further classification at
the genus level suggested that the Psychrobacter
(32.7%) was the most predominant bacterial group in
the metagenome and the other genera that were
identified includes Thalassolituus (4.6%), Cobetia
(4.5%), Sulfitobacter (1.6%) and Pseudoalteromonas
(1.4%). In addition, less abundant (< 1%) genera were
also observed (Figure 1).

addition, genes affiliated to virulence, stress response,
signal transduction, membrane transport, and DNA
replication and repair functions were also highly
abundant in our dataset. Furthermore, genes encoding
virulence functions (SEED level-2), such as iron
scavenging mechanisms, Ton and Tol transport systems,
and protein secretion systems, were also detected
(Figure 3). Further, genes encoding resistance to

Fig.1: Taxonomic composition of the mucus-associated
microbiome of coral F. echinata from Andaman Sea based on
metagenomic sequencing.

Fig. 3: Distribution of genes assigned to the SEED subsystem of
virulence functions present in the metagenome. Numbers on
top of the columns represent the gene count.

Functional analysis of the metagenomic showed
approximately 60% and 36% of the predicted protein
coding sequences or genes were matched to 25 SEED
subsystems and 23 KEGG categories, respectively
(Figure 2). Analysis of metagenome suggested that
genes associated with the core-housekeeping functions,
such as carbohydrates, amino acids, proteins,
nucleotides, cofactors and vitamins metabolism were
the most abundant metabolic categories (Figure 2). In

Fig.2: Metabolic profile of the mucus-associated bacterial
genus Psychrobacter, based on SEED subsystems classification
of the metagenomic sequences obtained in this study.

Fig.4: Comparative functional profile of metagenomes
generated using the SEED (level 2) classification of reads on
MG-RAST server. Metagenome data source: this study (cyan
colour), Dinsdale et al., 2008 (green colour), Vega Thurber et
al., 2009 (red colour), and Littman et al., 2011 (blue colour).

antibiotics and toxic compounds along with the
oxidative stress, and DNA replication and repair
functions were detected (Figure 4).
Our study with the microbiome of Fungia
echinata justifying the microbial diversity are directly
linked with local environment and different from those
reported in other coral species, which suggested that
microbial association with coral species reveal speciesspecific distribution and geographic variability.

Future Plan
Phylogenetic and functional analysis of
metagenomic from unmanaged ecosystem to be
continued.

Project B: Multivariate Statistical Methods for
synonymous codon usage and preferential use
of amino acid usage analysis.

Australia. (Figure 5, Figure 6)
Multivariate statistical analysis of codon and
amino acid usage was carried for extremophiles and
significant evolutionary constraints shaping for their
genome evolution were identified.

Future Plan
•

Development of new algorithm for studying on
codon start site translation.

•

Multivariate statistical data analysis for codon
usage pattern for prokaryotes, eukaryotes and
Next generation sequences analysis including
metagenomics and transcriptomics.

•

Setting up private cloud based Bioinformatics
Analytic server for in house and outside
research communities

Introduction/Background
The genetic code is degenerate that is to say it
can use many different combinations of codons to make
exactly the same protein. Within synonymous sets, some
codons are used far more frequently than others, and
the limited strategic use of rare codons can sometimes
be exploited for regulatory purposes. Codon usage
indices were helpful in recognizing protein-coding
genes and use used both to identify pseudo-genes and to
detect DNA sequencing errors resulting in the insertion
or deletion of bases within a coding sequence Data
reduction techniques like Correspondence Analysis
(COA), Principal Component Analysis (PCA) and
Regression analysis etc were used for identifying
significant interacting variables and other evolutionary
constraints during genome evolution.

Specific Aims
•

Factor analysis to identify the primary trend
through overall codon usage of prokaryotes and
eukaryotes.

•

Comparative codon and ribosome profiling of
prokaryotes

Fig. 5: Graphical visualization of the codon counts and “on-thefly” comparison of the codon counts across several species for
the comparative assessment across phylogeny.

Work achieved in the current year
ChloroMitoCU: (Web server) Organelle centric
platform for browsing thousands of pre-compiled codon
patters across organelle genomes. It was developed in
collaboration with Dr. Gaurav Sablok of Plant Functional
Biology and Climate Change Cluster (C3), University of
Technology Sydney, PO Box 123 Broadway NSW 2007

Fig. 6: Comparative profiling of the codon usage tables across
two organelle genomes.

Central Proteomics Facility
Scientist In-charge:

Dr. Amol Suryawanshi

Lab Technician:

R Rajendra Kumar Reddy

Introduction / Background
Proteomics involves the separation and
characterisation of many proteins from complex
biological mixtures, to gain an impression of the
proteins present in a fluid/tissue cell or the proteome at
a particular time point. Mass spectrometry provides
superior information about a protein's identification
and characterisation. It has wide range of application
based on different workflows such as gel based, non-gel
based, labelled, labelled free work which are most
commonly used.

research. The system can identify proteins by
determining accurate masses of peptides
formed by enzymatic digestion. Additionally, the
system can more definitely identify and
characterize proteins by isolating and
fragmenting a molecular ion of interest and
measuring the fragment ion masses.
•

Coupling NanoLC to MALDI mass spectrometry
results in an extremely powerful tool for the
analysis of complex peptide and/or protein
samples in proteomics. The Eksigent NanoLC™
ultra 2D Plus Systems offer speed, sensitivity,
and resolution-along with a simple, reliable
architecture that precisely controls flow rate
down to 20 nL/minute without flow splitting.

At present, we have following high through put system
in the central proteomics facility at ILS. These systems
are procured from NPC project, “A Comprehensive
understanding of the Nasopharyngeal Carcinoma (NPC)
in the North-Eastern Region of India” grant sanctioned
by DBT.
•

AB SCIEX TOF/TOF™ 5800 System:
The AB SCIEX TOF/TOF™ 5800 System provides
the fastest and most confident path to
identification and relative quantitation of
proteins. The system's unmatched speed and
sensitivity make it the ideal platform for
biomarker discovery, and protein identification.
It is a tandem time-of-flight MS/MS system that
is used for high-throughput proteomics

Eksigent NanoLC™ ultra 2D Plus Systems

•

Eksigent EKSpot™ MALDI Spotter
The NanoLC MALDI spotting system brings
together Eksigent's highly reproducible NanoLC
system with highly precise MALDI spotter to
provide a new dimension in LC separations on
MALDI targets. The EKSpot™ Spotter holds 4 AB
SCIEX 5800 targets or eight microtiter plate size
targets.

AB SCIEX TOF/TOF 5800 System

Applied Bio system Genetic Analyzer (3500)

Experimental Animal Facility
Veterinarian-Scientist In-charge :

Dr. Sarita Jena

Experimental Animal Facility of the Institute is a
support wing to research which procures , breeds and
maintains the laboratory animals to meet the
requirement of scientific group of the Institute. It
provides husbandry, veterinary care and research
technical support to facilitate animal experimentation.
Animal facility aims at supply of animals having genetic
purity and sound health.

from FC and here polygamous mating (1♂ :3♀ ) is
followed. The selection of sibling pairs (Brother × Sister)
for next generation breeding pair is done in such a way
that the descendants of a strain can be traced to a
common ancestral pair. To maximize genetic purity
animals are propagated in such a way that minimizes
genetic drift.
The hamster breeding strategy includes only one
breeding system i.e. the Foundation Colony (FC). In FC

Presently the animal house animals are maintained
with barrier facility. The barrier facility includes
restricted entry of animal house personnel and persons
having IAEC (Institutional animal Ethics Committee)
approved projects. There is a provision of IVC system of
rearing in breeding facility. Animals are provided with
sterilized high quality feed, corncob bedding and
enrichment materials. Animals are maintained in highly
neat and clean, noise free environment within temp.
range of 20-22ºC and humidity 40-60% as per CPCSEA
guidelines. 12:12 light and dark cycle is maintained for
proper health & breeding. Regular health monitoring is
practiced along with required therapeutic and
prophylactic measures.

monogamous (1♂ :1♀ ) pairing is done with strict
record maintenance. Animals produced in FC are shifted
to Stock and to replace retired breeders in FC as per
requirement.
Animal facility provides animal care, breeding and
maintenance of experimental animals e.g. Rats, Mice for
ongoing research projects of the institute. The facility
works under the guidance of Institutional Animal Ethics
Committee to ensure excellent animal care, human
handling and treatment and in complete compliance
with the Government of India guidelines. The facility has
been registered (No. 76/Po/ReBi/99/CPCSEA) for
breeding of and experiments on animals under the
Committee for the purpose of Control and Supervision
of Experiments on Animals (CPCSEA), Animal Welfare
division, Ministry of Environment & Forests,
Government of India. Biannual meeting of IAEC and
regular annual inspection by CPCSEA Nominee ensures
Lab. Animal ethics.

The mouse and rat breeding strategy includes two tier
breeding system i.e. the Foundation Colony (FC) and
Production Colony (PC). Mice in Foundation are
pedigreed. In FC monogamous (1♂ :1♀ ) pairing is done
with strict record maintenance. Animals produced in FC
are shifted to Production colony, to Stock and to replace
retired breeders in FC as per requirement. Animals
produced from PC are shifted to Stock for use and never
backed to FC. Animals in PC are randomly mixed animals

Defined breeding protocols, careful health
management, husbandry and standard operating

Table : Total Animal used for experiment by the PI/researchers for the year 2014-15:

Species of
animal
No. used for the
year 2015-16

Mice
(BALB/c)

Mice
(C57BL/6)

Mice
(Nude)

Mice
(Tg/KO)

Rat
(Copenhagen)

Rat(Sprague
Dawley)

Hamster

1093

1142

80

40

42

6

73

procedures are followed to ensure high quality and
purity of animals.
The animal house is currently maintaining and
breeding following species and strains of animals.
Mouse:
Mice strains: BALB/c, C57BL/6, C3H/OuJ, C3H/HeJ,
CBA/N, CBA/CaJ, IL-4 KO, IL-10 Ko, iNOS KO, MHC-II Tg,
OT-II Tg, FVB , B6-GFP Tg
Rat:
Rat strains: Sprague Dawley, Copenhagen

Hamster:
Syrian Golden Hamster

Publications
•

*Chawla S, Jena S. Incidence of Cystic Liver
Caused by Cysticercus fasciolaris in Laboratory
Rat .Journal of Animal Research 2015: v.5 n.2, p.
377-379.

•

*Chawla S, Jena S,Prusty B.Different Treatment
Regimen for Eradication of Pinworm (Syphacia
obvelata) Infection in Mice Colony. Journal of
Animal Research 2015: v.5 n.2, p. 377-379

Images of ILS animal house facility

Library

The Library has collection of Books and Journals in the
frontier area of Life Sciences- Infectious Diseases,
Biology, Gene Function and Regulation and
Translational Research and Technology, Developmental
relevance to ILS research activities.

Currently, the Library had collection of approximately
1539 reference Books including Manuals and Protocols,
996 bound back volumes & 43 CD's. The Library is
currently subscribing 8 Print and 15 Online Journals,
besides 917 Online Journals from different publishers
through DeLCON.

Print Journals
Sl No.

Publisher

Journal Title

1

NISCAIR

Indian Journal of Biochemistry and Biophysics

2

NISCAIR

Indian Journal of Experimental Biology

3

NISCAIR

Indian Journal of Marine Science

4

NISCAIR

Journal of Intellectual Property Rights

5

IAS

Current Science

6

IAS

Journal of Biosciences

7

Swamy Publisher

Swamy’s News

8

EFY Enterprises Pvt. Ltd.

Linux for U

Sl No.

Publisher

Journal (Online) Title

Web Address

1.

Oxford

Journal of Antimicrobial
Chemotherapy

http://www.oxfordjournals.org/subject/life_sciences/

2.

Oxford

3.

Rockfeller

Journal of Infectious Diseases
http://jid.oxfordjournals.org/
Journal of Experimental Medicine http://www.jem.org/

4.

BMJ

Journal of Medical Genetics

http://jmg.bmj.com/

5.

MAL

Microbial Drug Resistance

6.

AALAS

Comparative Medicine

http://www.liebertpub.com/products/product.aspx?pi
d=44
http://www.aalas.org/publications/index.aspx#cm

Sl No.
7.

Publisher
NPG

Journal (Online) Title
Genes and Immunity

Web Address
http://www.nature.com/gene/index.html

8.

NPG

Cancer Gene Therapy

http://www.nature.com/cgt/index.html

9.

NPG

Journal of Human Genetics

http://www.nature.com/jhg/index.html

10.

Ovid/
LWW
Science
Direct

Ear and Hearing

http://journals.lww.com/ear-hearing/pages/default.aspx

Intl. J. of Pediatric
Otorhinolaryngology

http://www.elsevier.com/wps/find/journaldescription.cw
s_home/506038/description#description

11.
12.

Science
Direct

Journal of Proteomics

http://www.elsevier.com/wps/find/journaldescription.cw
s_home/713351/description#description

13.

Science
Direct

Journal of Clinical virology

http://www.elsevier.com/wps/find/journaldescription.cw
s_home/524062/description#description

14.

Ann. Rev.
Inc.

AR Biochemistry

http://www.annualreviews.org/journal/biochem

15.

Ann.
Rev. Inc

AR Immunology

http://www.annualreviews.org/journal/immunol

Central Instrumentation Facility
•

Helios Gene Gun System

•

Applied Bio system Genetic Analyzer

•

HPLC

•

Atomic absorption spectroscopy

•

Imaging flow cytometer

•

Atomic force microscope(AFM)

•

Immuno spot analyzer

•

Automated Hematology analyzer

•

Nano photometer

•

Binocular Stereo Microscope

•

Bio-plex suspension array system
Chem Doc. System,

•

Confocal Microscope

•

FACS Aria (Flow Cytometer)

•

FACS (Caliber)

•

Fast protein liquid chromatography

•

Fermenter / Bio reactor

•

FTIR

•

Leaf Porometer

•

Light cycler real time PCR

•

Lyophilizer

•

Mass Spectrometed (MALDI-TOF/TOF)

•

Phosphor Imager

•

Programmable Micro injector and Micro
manipulator

•

Real time PCR (Opticon-2)
Refrigerated Vacuum concentrator

•

Gas Chromatograph system

•

Gel Doc System

•

Gel permeation chromatography(GPC)

•

Small animal In-vivo imaging system
Ultra Microtome

•

Scanning Electron Microscope

•

Gene chip scanner micro array system

•

•

Genetic Analysis System

•

Zebra Fish Facility

•

Glass ware washer

•

Zeta sizer

Confocal Microscope

Research Publications and Awards

Research Publications and Awards
•

Research Publications and Patents.

•

Memberships/Honors/Awards/Fellowship.
•

Memberships/Honors/Awards/Fellowship Received by the Scientists

•

External Funding Received by Scientists during 2015-16

•

Name of students awarded / submitted PhD dissertation in current year
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Research Publications (2015-16)
Original peer-reviewed research articles
1. Barman PK, Mukherjee R, Prusty BK, Suklabaidya S,
Senapati S, Ravindran B. Chitohexaose protects
against acetaminophen-induced hepatotoxicity in
mice. Cell Death & Disease. 2016, 12;7: e2224
2. Panda AK, Das BK, Panda A, Tripathy R, Pattnaik SS,
Mahto H, Pied S, Pathak S, Sharma S, Ravindran B.
Heterozygous mutants of TIRAP (S180L)
polymorphism protect adult patients with
Plasmodium falciparum infection against severe
disease and mortality. Infection Genetics Evolution,
2016,7. pii: S1567-1348(16)30181-2
3. **Jain N, Khullar B, Oswal N, Banoth B, Joshi P,
Ravindran B, Panda S, Basak S, George A, Rath S, Bal
V, Sopory S. TLR-mediated albuminuria needs
TNFα-mediated co-operativity between TLRs
present in hematopoietic tissues and CD80 present
on non-hematopoietic tissues. Disease Models and
Mechanisms. 2016,28. pii: dmm.023440
4. **Herbert F, Tchitchek N, Bansal D, Jacques J, Pathak
S, Bécavin C, Fesel C, Dalko E, Cazenave PA, Preda C,
Ravindran B, Sharma S, Das B, Pied S. Evidence of
IL-17, IP-10, and IL-10 involvement in multipleorgan dysfunction and IL-17 pathway in acute renal
failure associated to Plasmodium falciparum.
Journal Translational Medicine 2015, 24;13:369
5. Mukherjee R, Kanti Barman P, Kumar Thatoi P,
Tripathy R, Kumar Das B, Ravindran B. NonClassical monocytes display inflammatory features:
Validation in Sepsis and Systemic Lupus
Erythematous. Science Reports. 2015, 11;5:13886
6. **Dalko E, Das B, Herbert F, Fesel C, Pathak S,
Tripathy R, Cazenave PA, Ravindran B, Sharma S,
Pied S. Multifaceted Role of Heme during Severe
Plasmodium falciparum Infections in India.
Infection and Immunity. 2015,83(10):3793-9
7. Mohapatra SS, Mantri CK, Bhotra Tilothama, Singh
DV. Characteristics of Vibrio cholerae O1 isolated
from water of the River Ganga, Varanasi, India.
Indian Journal of Medical Microbiology 2015, 33:
507-515.
8. **Soni D, Singh DV, Dubey SK. PregnancyAssociated listeriosis: virulence and genotypic
analysis of Listeria monocytogenes from clinical
samples. Journal of Microbiology 2015, 53: 653-60.
9. Panda Sasmita, Singh DV. Whole genome sequences
of Staphylococcus haemolyticus isolated from
infected eye and healthy conjunctiva in
Bhubaneswar, India. Genome Announcement,
2016, 4(2): e00099-16.
10. Bhotra Tilothama, Singh DV. Whole genome sequence
of Vibrio alginolyticus isolated from the mucus of the
Coral Fungiadanai in the Andaman Sea, India. Genome
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Announcement 2016, 4(3): e00339-16.
11. Panda Sasmita, KarSarita, Sharma Savitri, Singh DV.
Multidrug-resistant Staphylococcus haemolyticus
isolates from infected eye and healthy conjunctiva.
Journal of Global Antibiotic Resistance 2016, in
press.
12. Mishra P, Kumar A, Mamidi P, Kumar S, Basantray I,
Saswat T, Das I, Nayak TK, Chattopadhyay S, Subudhi
BB, Chattopadhyay S. Inhibition of Chikungunya
Virus Replication by 1-[(2-Methylbenzimidazol-1yl) Methyl]-2-Oxo-Indolin-3-ylidene] Amino]
Thiourea (MBZM-N-IBT). Scientific Report. 2016,
4th Feb, DOI: 10.1038/srep20122.
13. Kumar S, Mamidi P, Kumar A, Basantray I, Bramha U,
Dixit A, Maiti PK, Singh S, Suryawanshi AR,
Chattopadhyay S, Chattopadhyay S. Development of
novel antibodies against non-structural proteins
nsP1, nsP3 and nsP4 of Chikungunya virus: Potential
use in basic research. Archives of Virol. 2015 Nov;
160(11):2749-61
14. Saswat T, Kumar A, Kumar S, Mamidi P, Muduli S,
Debata NK, Pal NS, Pratheek BM., Chattopadhyay S,
Chattopadhyay S. High rates of co-infection of
Dengue and Chikungunya virus in Odisha and
Maharashtra, India during 2013. Infect Genet Evol.
2015 Aug 4;35:134-141.
15. #Pratheek BM, Suryawanshi AR, Chattopadhyay S,
Chattopadhyay S. In silico analysis of MHC-I
restricted epitopes of Chikungunya virus proteins:
Implication in understanding anti-CHIKV CD8(+) T
cell response and advancement of epitope based
immunotherapy for CHIKV infection. Infect Genet
Evol. 2015 Apr; 31:118-26.
16. Kodavati Manohar and Narottam Acharya
Characterization of Proliferating Cell Nuclear
Antigen (PCNA) from Pathogenic Yeast Candida
albicans and its functional analyses in S. cerevisiae.
BMC-Microbiology, 2015: 15:257.
17. Panda P, Taviti AC, Satpati S, Kar MM, Dixit A, Beuria
TK, Doxorubicin inhibits E. coli division by
interacting at a novel site in FtsZ. Biochem J. 2015,
471(3):335-46.
18. **Manigrasso MB, Pan J, Rai V, Zhang J, Reverdatto S,
Quadri N, DeVita RJ, Ramasamy R, Shekhtman A,
Schmidt AM. Small Molecule Inhibition of LigandStimulated RAGE-DIAPH1 Signal Transduction. Sci
Rep. 2016 Mar 3;6:22450.
19. **Sahu D, Raghav SK, Gautam H, Das HR. A novel
coumarin derivative, 8-methoxy chromen-2-one
alleviates collagen induced arthritis by down
regulating nitric oxide, NFκB and proinflammatory
cytokines. Int Immunopharmacol. 2015 Dec;29 (2):
891-900.
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20. Dipti Ranjan Mishra, Sanjib Chaudhary, B. Madhu
Krishna and Sandip K. Mishra. Identification of
critical elements for regulation of inorganic
pyrophosphatase (PPA1) in MCF7 breast cancer
cells. PLoS One (2015) 10(4): e0124864.
doi:10.1371/journal.pone.0124864, 3.234.
21. S Chaudhary, B Madhukrishna, AK Adhya, S Keshari
and SK Mishra. Overexpression of caspase 7 is ERα
dependent to affect proliferation and cell growth in
breast cancer cells by targeting p21Cip
Oncogenesis (2016) 5, e219; doi:10.1038/
oncsis.2016.12, 3.952.
22. S Chaudhary, B Madhukrishna and SK. Mishra A
novel FOXA1/ESR1 interacting pathway: a study of
Oncomine breast cancer microarrays' analyzes
gene. Oncology Letters, 2016 (In Press)
23. Saumya Bandyopadhyay and Subrata K. Das.
Functional analysis of ars gene cluster of
Pannonibacterindicus strain HT23T (DSM 23407T)
and identification of a proline residue essential for
arsenate reductase activity. Applied Microbiology
and Biotechnology.2016. 100: 3235-3244. doi.
10.1007/ s00253-016-7390-2.
24. Kamal Deep, Abhijit Poddar and Subrata K. Das.
Cloning, overexpression and characterization of
halostable, solvent tolerant novel β-endoglucanase
from a marine bacterium Photobacteriumpanuliri
LBS5T (DSM 27646T). Applied Biochemistry and
Biotechnology. 2015. 178: 695-709. doi:10.1007/
s12010-015-1903-9.
25. Jhasketan Badhai, Tarini Shankar Ghosh and
Subrata K Das. Taxonomic and functional
characteristics of microbial communities and their
correlation with physicochemical properties of four
geothermal springs in Odisha, India. Frontiers in
Microbiology. 2015 6: 1-15. doi: 10.3389/ fmicb.
2015.01166.
26. Sarkar S, Jain S, Rai V, Sahoo DK, Raha S, Suklabaidya
S, Senapati S, Rangnekar VM, Maiti IB, Dey N (2016)
Plant-derived SAC domain of PAR-4 (Prostate
Apoptosis Response 4) exhibits growth inhibitory
effects in prostate cancer cells. Frontiers in Plant
Science 6:822. doi: 10.3389/fpls.2015.00822.
27. Rai V, Sarkar S, Satpati S, Dey N (2016)
Overexpression of human peroxisomalenoyl-CoA
delta isomerase2 HsPECI2, an ortholog of bamboo
expressed during gregarious flowering alters
salinity stress responses and polar lipid content in
tobacco. Functional Plant Biology. 43(3) 232-243
http://dx.doi.org/10.1071/FP15292.
28. Rajashree SN, Kuila N, Biswas S, Pattnayak NC,
Biswas G, Chakraborty S. Dual transcripts of BCRABL and different polymorphisms in Chronic
Myeloid Leukemia patients from Odisha, India.
Indian Journal of Medical Research. Accepted.
29. Borah S, Barrodia P, Swain RK. Nucleolar protein 4like has a complex expression pattern in zebrafish

VIII

embryos. Int J Dev Biol. 2016; 60(1-2-3):53-56.
30. **Noy PJ, Swain RK, Khan K, Lodhia P, Bicknell R.
Sprouting angiogenesis is regulated by shedding of
the C-type lectin family 14, member A (CLEC14A)
ectodomain, catalyzed by rhomboid-like 2 protein
(RHBDL2). FASEB J. 2016 Mar 3. pii: fj.201500122R.
[Epub ahead of print]
31. **Sekhar S, Panda BB, Mohapatra T, Das K, Shaw BP,
Kariali E, Mohapatra PK. Spikelet-specific variation
in ethylene production and constitutive expression
of ethylene receptors and signal transducers during
grain filling of compact- and lax-panicle rice
(Oryzasativa) cultivars. Journal of Plant Physiology
2015; 179: 21-34.
32. **Panda BB, Badoghar AK, Das K, Panigrahi R, Kariali
E, Das SR, Dash SK, Shaw BP, and Mohapatra PK.
Compact panicle architecture is detrimental for
growth as well as sucrose synthase activity of
developing rice kernels. Functional Plant Biology
2015; http://dx.doi.org/10.1071/FP14363.
33. Panda BB, Badoghar AK, Sekhar S, Kariali E,
Mohapatra PK and Shaw BP. Biochemical and
molecular characterization of salt-induced poor
grain filling in a rice cultivar. Functional Plant
Biology 2015;43:266-277, http://dx.doi.org/
10.1071/FP15229.
34. Gharat SA and Shaw BP. Novel and conserved
miRNAs in the halophyte Suaedamaritima identified
by deep sequencing and computational predictions
using the ESTs of two mangrove plants. BMC Plant
Biology 2015; DOI 10.1186/s12870-015-0682-3.
35. Sekhar S, Gharat SA, Panda BB, Mohaptra T, Das K,
Kariali E, Mohapatra PK and Shaw BP. Identification
and characterization of differentially expressed
genes in inferior and superior spikelets of rice
cultivars with contrasting panicle-compactness and
grain-filling properties. PLoS One 2015;
doi:10.1371/journal.pone.0145749.
36. Gharat SA, Shaw BP. Computational prediction and
experimental validation of a novel miRNA in
Suaedamaritima, a halophyte. Genetics and
Molecular Research 2016;DOI http://dx.doi.org/
10.4238/ gmr.15017527.
37. **Panda BB, Badoghar AK, Sekhar S, Shaw BP,
Mohapatra PK. 1-MCP treatment enhanced
expression of genes controlling endosperm cell
division and starch biosynthesis for improvement of
grain filling in a dense-panicle rice cultivar. Plant
Science 2016; 246:11-25.
38. Acharya S and Sahoo SK. Exploitation of redox
discrepancy in leukemia cells by a reactive oxygen
species nanoscavanger for inducing cytotoxicity in
imatinib resistant cells. J Colloid Interface Sci.
2016; 467: 180-191.
39. Singh A, Jain S, Senapati S, Verma RS, Sahoo SK.
Magnetic Nanoparticles Labeled Mesenchymal Stem
Cells: A Pragmatic Solution toward Targeted Cancer
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Theranostics. Adv Healthc Mater. 2015 Sep 1. doi:
10.1002/adhm.201500343.
40. Vandana M, Sahoo SK. Synergistic activity of
combination therapy with PEGylatedpemetrexed
and gemcitabine for an effective cancer treatment.
Eur J Pharm Biopharm. 2015 Aug; 94: 83-93.
41. #Priyadarshi, S., Ray, C. S., Biswal, N. C., Nayak, S. R.,
Panda, K. C., Desai, A. and Ramchander, P. V. Genetic
Association and Altered Gene Expression of
Osteoprotegerin in Otosclerosis Patients. Annals of
Human Genetics 2015; 79: 225–237.
42. Amarendra Panda, Suresh Satpati, Anshuman Dixit
and Shantanu Pal. Novel homologated-apio
adenosine derivatives as A3 adenosine receptor
agonists: design, synthesis and molecular docking
studies. RSC Adv., 2016, DOI: 10.1039/
C5RA26416B, Accepted
43. **J. Jena, Ravindra Kumar, Anshuman Dixit, Trupti
Das. Anoxic-Aerobic SBR system for nitrate,
phosphate and COD removal from high-strength
wastewater and diversity study of microbial
communities. Biochem. Engg. J., 2016, 105, Part A,
80–89.
44. Maji S, Samal SK, Pattanaik L, Panda S, Quinn BA, Das
SK, Sarkar D, Pellecchia M, Fisher PB, Dash R. Mcl-1
is an important therapeutic target for oral squamous
cell carcinomas. Oncotarget 2015; 6(18): 1662316637.
45. **Sengupta N, Mukherjee S, Tripathi P, Kumar R,
Suryawanshi AR, Basu A. Cerebrospinal Fluid
Biomarkers of Japanese Encephalitis [version 2;
referees: 3 approved]. F1000Research 2015, 4:334
(doi: 10.12688/f1000research.6801.2).
46. **Swaroop S, Sengupta N, Suryawanshi AR,
Adlakha YK, Basu A. HSP60 plays a regulatory role in
IL-1β-induced microglial inflammation via TLR4p38 MAPK axis. J Neuroinflammation. 2016 Feb
2;13(1):27. doi: 10.1186/s12974-016-0486-x.
47. Sahu SK, Chakrabarti S, Roy SD, Baishya N, Reddy RR,
Suklabaidya S, Kumar A, Mohanty S, Maji S,
Suryanwanshi A, Rajasubramaniam S, Asthana M,
Panda AK, Singh SP, Ganguly S, Shaw OP, Bichhwalia
AK, Sahoo PK, Chattopadhyay NR, Chatterjee K,
Kundu CN, Das AK, Kannan R, Zorenpuii, Zomawia E,
Sema SA, Singh YI, Ghosh SK, Sharma K, Das BS,
Choudhuri T. Association of p53 codon72 Arg>Pro
polymorphism with susceptibility to
nasopharyngeal carcinoma: evidence from a casecontrol study and meta-analysis. Oncogenesis.
2016May 9;5:e225. doi: 10.1038/oncsis.2016.31.
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48. **Malabika Banerjee, Subrata Chattopadhyay,
Tathagata Choudhuri, RammohanBera, Sanjay
Kumar, BiswajitChakraborty and Samir Kumar
Mukherjee. Cytotoxicity and cell cycle arrest
induced by andrographolide lead to programmed
cell death of MDA-MB-231 breast cancer cell line.
J Biomed Sci 2016 Apr 16; 23:40.
**

Collaborative work of ILS Faculty

#

In Press last year, published this year

Review article
•

Ravindran B. New pathogen discovery, Current
Science, 2016, 110: 549-551

•

Ray R, Juranek JK, Rai V*. RAGE axis in
neuroinflammation, neurodegeneration and its
emerging role in the pathogenesis of amyotrophic
lateral sclerosis. Neurosci Biobehav Rev. 2016.
62:48-55.

•

Pradhan N, Singh S, Ojha N, Shrivastava A, Barla A,
Rai V, Bose S. Facets of Nanotechnology as Seen in
Food Processing, Packaging, and Preservation
Industry. Biomed Res Int. 2015;2015:365672)

•

Gupta B, Raghav SK. Single Cell Transcriptomics for
Autoimmune Disorders. J Mol Genet Med 2015,
9:191

•

Dey N, Sarkar S, Acharya S, Maiti IB (2015) Synthetic
promoters in planta. Planta.242(5):1077-94. doi:
10.1007/s00425-015-2377-2.

•

Dilnawaz F, Sahoo SK. Therapeutic approaches of
magnetic nanoparticles for the central nervous
system. Drug Discov Today. 2015 Oct; 20
(10):1256-64

•

Mohanty C, Kundu P, Sahoo SK. Brain Targeting of
siRNA via Intranasal Pathway. Curr Pharm Des.
2015; 21(31):4606-13.

•

Vasudevan D, Gopalan G, Kumar A, Garcia VJ, Luan S,
Swaminathan K. Plant immunophilins: a review of
their structure-function relationship. Biochim
Biophys Acta. 2015; 1850(10):2145-58.

Book chapters
•

Sahoo DK, Sarkar S, Maiti IB, Dey N. Novel synthetic
promoters from the Cestrum yellow leaf curling
virus in plant synthetic promoters. Methods in
Molecular Biology (under press)

IX
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Patents
Patents granted
•

X

A novel method of isolation of TLR4 from cell lysates of mononuclear cells - Ravindran B, Panda Santosh K.
(AUSTRALIA: Patent Grant Number: 2011377139, Indian Patent Application Number: 1213/KOL/2011, PCT
Application Number: PCT/IN2011/000780)
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Memberships/Honors/Awards/Fellowship

(Aug-2013 to Jul 2016)

External Funding Received by Scientists
Dr. B. Ravindran
•

“International Associated Laboratory in the area
of Systems Immunology and Genetics of
Infectious Diseases (LIA-SIGID)” funded by DBT
for four years (2015 to 2019).

•

“Reprogramming deleterious inflammatory
Monocytes in Human Sepsis “funded by DBT for
three years (2015-2018)

•

DST project title “Studies on antibiotic
resistance, virulence pattern and biofilm
formation among Staphylococcus haemolyticus
strains isolated from ocular infection” for three
years (2013-2016).

Dr. Satish Devadas
•

DBT project titled "Role of T cell in ocular
Tuberculosis" funded for three years (20142016)

Dr. Soma Chattopadhyay
•

Project entitled “Analysis of cellular immune
response of macrophages during experimental
Chikungunya virus (CHIKV) infection” has been
sanctioned from Council of Scientific &
Industrial Research, India, for three years
(September 2012- October 2015).

•

Project entitled “Purification and biochemical
characterization of the non-structural protein 3
(nsP3) of Chikungunya virus” has been
sanctioned from Department of Science and
Technology, India for three years (Sept 2014August 2017).

Dr. Narottam Acharya
•

•

Dissecting corepressors centred gene regulatory
networks underlying dendritic cell immune
responses and its impact on T helper cell
differentiation. DST-SNSF Indo-Swiss project
(2015-2018)

•

Role of nuclear receptor co-repressors NCoR1
and SMRT in dendritic cell immune responses
and thereby its impact on T helper cell
differentiation. Ramalingaswami Felowship
grant from DBT (2014-2019)

“Study to translate CHTX and/or its derivatives
for therapeutic intervention in Sepsis” funded by
DBT for three years (from 2015 to 2018).

Dr. Durg V Singh
•

Dr. Sunil K. Raghav

“Characterization of pol3-t mutant of yeast DNA
polymerase δ and its role in mutagenesis”.
Funded by CSIR (2014-2017)

Dr. Sabarish V. Indran
•

Dr. Sandip K Mishra
•

Epigenetic status of pro/anti apoptotic activity
of age-related genes involved in breast cancer
(DBT), 2012-2015,Rs.123.5lakhs

•

A Study of the role of novel orphan family
members of Estrogen Receptor (ER) and their
interacting corepressors in Chromatin
remodeling leading to deregulation of ER-alpha
in Breast Cancer (DBT),2012-2015,
Rs.50.57lakhs

Dr. Subrata K Das
•

Design, synthesis and biological evaluation of
novel FtsZ inhibitors as potential anti tubercular
agents. Funded by DBT India for three years

Molecular characterization of biofilm produced
by coral associated bacteria isolated from
Andaman Sea" Funded by DBT, Govt. of India.
Letter no: D.O. No. BT/PR7661/AAQ/ 3/629/
2013. 3 years (2014 to 2017). Project cost:
35.661 lakhs.

Dr. Nrisingha Dey
•

“Studies on interactions of plant transcription
factors in promoters from plant infecting
pararetroviruses” Funded by DBT, Govt of India.
Duration: 2015-2018.

•

“In Vitro and in Vivo Interaction between
Arabidopsis Transcription Factors TGA and
WRKY Leads to Salicylic Acid–Mediated Gene

Dr. Tushar Kant Beuria
•

Early Career Research Grant titled “Host
Transcription Suppression by Chandipura VirusMechanisms and Consequences”, funded by
Science and Engineering Research Board,
Department of Science and Technology.
Approved May 2016. 2016-2019.

•

Activation of Cestrum Yellow leaf curling virus
(CmYLCV) promoter” Funded by DBT (Under
TATA Innovation Fellowship), Govt of India.
Duration: 2016-2019.

Dr. Shantibhusan Senapati

“Implication of bacteria derived human defensin
in burn injury and wound healing” Funded by
DST, Govt of India. Duration: 2016-2019.

Dr. Dileep Vasudevan

•

•

"Structural characterization of Influenza A virus
matrix protein M1 interaction with host
nucleosomes" funded by DBT, India for 3 years
(February 2015 - January 2018).

•

"Structural basis of dengue virus capsid protein
interaction with the human death domainassociated protein DAXX" funded by CSIR for 3
years (October 2015 - September 2018).

•

"Host nucleosomes forming a docking station for
Dengue virus capsid protein C - a structural
analysis" funded by DST-SERB for 3 years
(November 2015 - October 2018).

Dr. Soumen Chakraborty
•

•

Global profiling and significance of alternative
splicing events regulated by polypyrimidine
tract binding protein 2 (PTBP2) in the advanced
stages of chronic myeloid leukemia, funded by
DBT (2015-2020).
Comparative analysis of acetylation and
acetylation deficient mutant form of Ecotropic
Viral Integration site I in haematopoietic cells,
funded by DST (2015-2018)

Dr. Rajeeb K. Swain
•

DBT sponsored R&D project, “Tumour vascular
targeting using small molecule inhibitors”, As PI
with Dr Anshuman Dixit as co-PI (July 2015 –
June 2018).

•

DBT sponsored R&D project, “Design, synthesis
and biological evaluation of novel FtsZ inhibitors
as potential anti-tubercular agents”, as a coinvestigator with Drs T. K. Beuria and S. Pal as PIs
and Dr A. Dixit as the other co-PI (2013-2016).

Dr. Amol R. Suryawanshi
•

Project entitled “Differential Proteomics and
genetics approach to reveal the cause of recent
Chikungunya virus outbreak in India” has been
funded under RGYI scheme by Department of
Biotechnology, Govt of India.

•

P r o j e c t e n t i t l e d “A C o m p r e h e n s i v e
understanding of the Nasopharyngeal
Carcinoma (NPC) in the North-Eastern Region of
India” has been funded by Department of
Biotechnology, Govt of India for three years
(April 2013- March 2016).

Dr. PV Ramchander
•

•

Identification of Genetic Susceptibility to
Chronic or Recurrent Otitis Media with Effusion.
Department of Biotechnology (DBT), Govt. of
India, New Delhi (2013-2016)
Investigation of the gene expression and
characterization of selected genes associated
with otosclerosis. Department of Science and
Technology (DST), Govt. of India, New Delhi
(2013-2016)

Membership / Honors / Awards / Fellowship
received by the scientists:
Dr. Vivek Rai
•

•

Received E.K. Janaki Ammal National Award for
Microbial Taxonomy for the year 2015 from Mr.
Prakash Javadekar, Union Minister for
Environment, Forest and Climate Change,
Government of India on 5th June, 2015.

•

FASc.T (Elected Fellow, West Bengal Academy of
Science and Technology)

Design, synthesis and biological evaluation of
novel FtsZ inhibitors as potential anti tubercular
agents. Dept. of Biotechnology, 2013-2016.

Dr. Rupesh Dash
•

•

DBT sponsored project entitled 'Investigating
the potential tumor suppressive activity of SARI
(Suppressor of AP-1 regulated by interferon) in
Oral Squamous Cell Carcinomas' for 3 years
(September 2015- August 2018).
DST-SERB sponsored project entitled “Restoring
cell death in chemoresistant oral squamous cell
carcinomas (OSCC) for 3 years (March 2016February 2019)

New York Science Academy, New York, USA
Indian Immunology Society, India

Dr. Subrata K Das

Dr. Anshuman Dixit
•

Functional role of MAGEA3-cancer-testis
antigen in pancreatic cancer Funding agency:
DBT (three years)

Dr. Nrisingha Dey
•

Received TATA Innovation Fellowship (2016)
from Department of Biotechnology, Govt. of
India

Dr. Soumen Chakraborty
•

American Association of Cancer Research
(AACR), Active member

•

Society of Biological Chemist (India), Life
member

•

Indian Association of Cancer Research (IACR),
Life member

•

European Haematology Association, 2015
onwards

downstream target of Estrogen Related
Receptor in deregulated estrogen signaling in
Breast Cancer
Dr. Subrata K Das
•

Saumya Bandyopadhyay - To study the arsenate
resistant genotype of Pannonibacter indicus
strain HT23T (DSM 23407T) isolated from hot
spring.

•

Kamal Deep - Screening, characterization and
cloning of cellulase from a novel bacterium
Photobacterium panuliri.

Dr. Rupesh Dash
•

Life member of Indian Association of cancer
research

Dr. Amol R. Suryawanshi
•

Annual Member: Human Proteome
Organization (HUPO)

•

Life Member: Indian Society for Mass
Spectrometry (ISMAS)

•

Life Member & Executive committee member:
Proteomics Society (India) (PSI)

Name of students awarded / submitted PhD
dissertation in current year
Dr. B. Ravindran
•

Madhumita Panda - IMMUNE REGULATION IN
HUMAN AND EXPERIMENTAL FILARIASIS AND
MALARIA

•

Ratnadeep Mukherjee - A STUDY ON THE
PATHOGENESIS OF ENDOTOXEMIA AND SEPSIS

•

Pijus Kanti Barman - DANGER ASSOCIATED
M O L E C U L A R PAT T E R N S ( DA M P s ) A S
POTENTIAL ADJUVANTS FOR CANDIDATE
VACCINE MOLECULES FOR INFECTIOUS
PATHOGENS

Dr. Nrisingha Dey
•

Sunita Patro - “Strength and tissue specificity of
chimeric promoter derived from full-length and
sub-genonic transcript promoters from
different pararetroviruses and their use in
translation research

•

Bhubaneswar Pradhan - Isolation and
Characterization of microRNA in plants under
different biotic stress conditions

•

Sefali Archarya - Designing and Testing efficient
promoters for enhanced molecular farming of
life saving therapeutics in plants

Dr. Birendra Prasad Shaw
•

Sachin Ashruba Gharat - Identification and
characterization of salt responsive miRNAs in
Suaeda maritima, a mangroveplant

Dr. Sanjeeb K Sahoo
•

Abhalaxmi Singh - An investigation on magnetic
nanoparticles for stem cell based cancer
theranostics.

Dr. Soma Chattopadhyay
•

Indrani Das - Elucidating the Cellular Proteins
Involved In the Chikungunya Virus Replication
in Different Host Systems

•

Priyambada Parhi - Lipid based nanoparticles: A
potential targeted drug delivery system for
cancer therapy.

•

Pratheek B.M. - Analysis of Cellular and
Immunological Responses during Immune
Activation and Chikungunya Virus Infection in
Mammalian Host Cells (Co-Guide)

•

M. Vandana - Polymer therapeutics for effective
cancer treatment using combinational
approach.

•

Manasi Das - Dual drug loaded
immunotheranostics: A paradigm for imaging
and targeted delivery for cancer therapy

Dr. Sandip K Mishra
•

•

Dharmendra Kumar Bhargava - Study of
crosstalk of Estrogen Receptor and Estrogen
Receptor Related Receptor Family members in
Breast Cancer
Debomitasengupta - Study on Role of

Dr. PV Ramchander
•

Saurabh Priyadarshi (Submitted) - Genetic and
Molecular Basis of Nonsyndromic Otosclerosis.

Seminar

Seminars delivered by visiting Scientists in ILS

Seminars delivered by visiting Scientists in ILS

Sl.
No.

Name of
Invitee

Date of
Seminar

Affiliation

Title of talk

th

University of
Chicago, USA

Two flies on an island: the
genetic basis of species
formation

17 February
2016

th

UNIL, Switzerland

Dendritic cell lines: Tools
to explore immune
response and immune
tolerance

Dr. Debasis Panda

08th February
2016

NIAID, NIH, USA

Gaining insight into innate
antiviral response to virus
infection using functional
genomics strategies

4

Prof. Venkatesh Byrappa

29th January
2016

Sequencing and analysis of
Research Director of
the elephant shark
Institute of
genome
Molecular Cell
Biology, (IMCB,
Singapore), Singapore

5

Dr. Amjad Husain

23rd December
2015

Harvard Medical
School, MA, USA

VEGF and novel
Biomechanical insights to
Angiogenesis

6

Prof. W. Ian Lipkin,

17th December
2015

Centre for Infection
and Immunity,
Columbia University

Microbial surveillance and
discovery in acute and
chronic disease

7

Dr. Sebastian Waszak

EMBL, Heidelberg
Germany

8

Dr. V. Arun Nagaraj

7th December
2015
28th August
2015

Genetic predisposition to
somatic mutational
Unexplored Facets of
Malaria Transmission
Biology - Insights from
Metabolic Pathways and
Identification of New Drug
Targets and Vaccine
Candidates

9

Dr. Punit Prasad

12th August
2015

Karolinska Institute,
Sweden

Modulation of chromatin
structure by chroma
tin
remodeling complexes:
Mechanisms,
Consequences and
Implications

10

Dr. Upasana Ray

10th August
2015

National Cancer
Institute, Bethesda,
USA

Antibody escape mutants
of JC Polyomavirus in
Progressive Multifocal
Leukoencephalopathy and
the Virus like Particl e
based Vaccine

1

Prof. Jerry A. Coyne,

29 Mar ch
2016

2

Prof. Hans Acha- Orbea

3

Center for Infectious
Disease Research,
Indian Institute of
Science, Bangalore

Sl.
No.

Name of
Invitee

Date of
Seminar

11

Dr. Debananda Pati

03rd
2015

August

12

Dr. Sukant Khurana

24 June 2015

13

Dr. Bandita Panda

14

Affiliation

Title of talk

Texas Children’s
Cancer Center,
Texas, USA

Role of Chromosomal
Cohesion & Separation in
Aneuploidy and Cancer:
From Biology to Therapy

th

Cold Spring Harbor
Laboratory, MA, USA

10 June 2015

th

Bhabha Atomic
Research Center,
Mumbai

Dr. Sobhan Roy

14th May 2015

Department of
Biochemistry and
Molecular Biology,
University of Chicago,
Chicago

High-throughput drug
discovery for alcoholism
and other neurological
ailments
Proteomics of abiotic
stress response in
nitrogen fixing
Cyanobacteria Anabaena
Mycobacterial lipid
antigen presentation by
CD1c and recognition by
αβ and γδ T cells

15

Dr. Hem Chandra Jha

06th May 2015

Department of
Microbiology,
University of
Pennsylvania School of Medicine,
Pennsylvania, USA

Role of
Gammaherpesviruses in
cancer progression

16

Dr. Pushpendra Singh

22nd April
2015

Molecular markers of
mycobacterial
transmission and
evolution

17

Dr. Dipak K. RaJ

09th Apr il
2015

National Hansen's
Disease Program,
Louisiana State
University - School
of Veterinary
Medicine, Louisiana, USA
Department of
Pathology and
Laboratory
Medicine, Alpert
Brown Medical
School, Brown
University, Place, USA

Identification and
characterization of
vaccine candidate for
pediatric malaria

Conference / Symposium / Workshops /
Meetings Attended

Conference / Symposium / Workshops
Meetings Attended by ILS Scientists and Student
•

Conference / Symposium / Workshops / Meeting attended and
Invited talk / Oral Presentation by Scientists

•

Conference/Symposium/Workshops attended and Oral /Poster
Presentation by Students

Conference / Symposium / Workshops / Meeting attended
and Invited talk / Oral Presentation by Scientists
Dr. Durg V Singh
•

•

DV Singh. Delivered invited talk on “Genetic
analysis of antibiotic resistant Staphylococcus
haemolyticus strains” in “National Seminar on
Recent Advances in Biotechnology” at CSIRIndian Institute of Chemical Biology, Kolkata
held on 17th April 2015.

•

Central Zone Student Research Convention
(ANVESHAN-2015) ON 22nd & 23rd January2016 held at Fakir Mohan University, Balasore,
Odisha

•

Talk in the Department of Zoology, Vani Vihar on
18/19th of November, 2015 31st M P Young
Scientist Congress during February 28th – 29th,
2016 : Judge for evaluating research paper.

Dr. Subrata K Das
•

Attended 27th Annual BTISnet coordinators'
meet held at Kumaun University Bhimtal
Campus, Bhimtal, Uttarakhand from March 3-5

•

Attended Global Biotechnology Summit to
celebrate 30 years of Department of
Biotechnology, Ministry of Science &
Technology, Government of India at Vigyan
Bhawan, Central secretariat, New Delhi from
February 5-6.
At te n d e d wo rks h o p o n “ S e n s i t i za t i o n
programme on Biological diversity Act, 2002
and Rules, 2004 for Scientists and
Academicians” organized by Odisha Biodiversity
Board, Forest and Environment Department,
Govt of Odisha at Hotel Suryansh, Bhubaneswar
on December 19.

Dr. Nrisingha Dey
•

•

•

Refresher Course in Life Science' on the focal
theme 'Trends in Life Science' at Department of
Botany, Utkal University on 30th November
2015.
Inaugural lecture of workshop, TMCCD
(Technologies on molecular Analysis of cell and
cellular Dynamics) at NIT, Rourkela, Odisha

Soumen Chakraborty. Annual meeting of
European haematology association, held in
Vienna, Austria, June 11-14, 2015.

Dr. Narottam Acharya
•

DV Singh. Delivered invited talk on “Bacterial
biofilm, characteristics and role in causing
human infection” in “Recent Development in
Medical Biotechnology and Structure-Based
Drug Design (RDMBSBDD-2015). IIT-Guwahati
held from December 6-7, 2015.

Dr. Sandip K Mishra

•

Dr. Soumen Chakraborty

An invited speaker and co-chairperson in
“National conference on current trends in life
science research and challenges ahead"
conducted by School of life science, Sambalpur
University from 11-12th Dec. 2015. Delivered a
talk on “Regulation of Trans-Lesion DNA
synthesis by DNA polymerase eta: Role of pip Vs
UBZ domain.” on 11th Dec., 2015.

Dr. PV Ramchander
•

PV Ramchander. International Conference on
'Celebrating Genetics - The Human Way' and
“41st Annual Meeting of The Indian Society of
Human Genetics” organized by Vision Research
Foundation at the Lady Andal Auditorium,
Chennai, from 03-05, March, 2016.

Dr. Soma Chattopadhyay
•

Soma Chattopadhyay attended the Indian
Virological Society conference “VIROCON 2015”
which was held in NEIGRIHMS, Shillong from 8th
to 10th October, 2015.

Dr. Tushar Kant Beuria
•

T. K. Beuria, 5th Ramalingaswami fellow's
conclave, held at RCB, Faridabad Dec 18 to 20,
2016

Dr. Shantibhusan Senapati
•

Participated 4th annual workshop on pathology
of mouse models of human disease at the
University of Washington, Seattle, USA
(September 2015; Organised by Jackson Lab).

Dr. Vivek Rai
•

4th European Congress of Immunology, Vienna,
Austria, 5th- 9th September, 2015.

Dr. Sunil K. Raghav
•

Ramalingaswami conclave in December 2015 at
Regional Centre for Biotechnology, Faridabad

Dr. Amol R. Suryawanshi
•

Participated and delivered a talk in NPC project
workshop held at RIIMS, Imphal on April 24,
2015.

•

Participated in “Targeted Proteomics Workshop
& International Symposium” held at IIT Bombay,
Mumbai on December 10-14, 2015.

Dr. Dileep Vasudevan
•

Dileep Vasudevan. 13th Conference of the Asian
Crystallographic Association (AsCA) held in
Kolkata from December 05-08, 2015.

•

Dileep Vasudevan. Young Investigator Meeting 2016 (YIM-2016) held in Manesar, Delhi-NCR
from February 28 - March 02, 2016.

•

Dileep Vasudevan. Collaborative Research
Scheme Projects User's Workshop for utilization
of Indus Synchrotron beamlines held at RRCAT,
Indore from April 27-28, 2016.

Conferences/Workshops/Meetings attended by Students
•

Ratnadeep Mukharjee Keystone Symposia on
“Systems Immunology: From Molecular Networks
to Human Biology”, 10-14th January 2016, Big Sky
Resort, Big Sky, Montana, USA – presented poster
entitled “Phenotypic and functional
characterization of human monocytes”·

•

Dr Biendra Kumar Prusty Keystone Symposia on
“Cell biology and Immunology of persistent
infection”, 31st Jan -5th February 2016, Fairmont
Springs Banff Alberta Canada – presented Oral and
one poster entitled “Immunomodulation during
chronic murine malaria.”

•

Diwakar Kumar Singh oral presentation entitled “
at Immunocon 2015 organised by RMRI, Patna
“Characterisation of Plasmodium falcifarum high
mobility group box 1 protein” from 9-11 oct
2015

•

•

Sasmita Panda. Attended orientation workshop on
laboratory animal sciences jointly organized by ILS
and NISER at Institute of Life Sciences,
Bhubaneswar from July 13-15, 2015.
Sasmita Panda. Presented a poster entitled
“Biofilm formation by Staphylococcus haemolyticus”
in the 7th ASM Conference on Biofilm organized by
American Society of Microbiology at Chicago, USA
from October 24-29, 2015.

•

Smrutiti Jena. Attend a training program for
confocal microscopy conducted byLeica at Institute
of Life Sciences, Bhubaneswar, from December 1-3,
2015.

•

Sasmita Panda. Attended national symposium on
Advances in Proteomics organized by Institute of
Life Sciences, Bhubaneswar on March 15, 2016.

•

Amol Kanampalliwar. Attended "National
symposium and workshop on Advances in
Proteomics" organized by Institute of Life Sciences,
Bhubaneswar, from 15-18 March, 2016.

•

Abhishek Kumar, Priyadarshi Mishra, Prabhudutta
Mamidi, Sameer Kumar, Itishree Basantray, Indrani
Das, Tapas Kumar Nayak, Subhasis Chattopadhyay,
Bharat Bhusan Subudhi, Soma Chattopadhyay
presented the work entitled “Inhibition of
Chikungunya Virus Replication by a drug, MBZM-NIBT” in the 4th Molecular Virology Meeting which
was held at Rajiv Gandhi Centre for Biotechnology,
Thiruvananthapuram from April 16 to April 17,
2015

•

Sameer Kumar, Abhishek Kumar, Prabhudatta
Mamidi, Itishree Basantray, Soma Chattopadhyay
presented the work entitled “Studies on nsP3
Protein of Chikungunya Virus” in the 4th Molecular

Virology Meeting which was held at Rajiv Gandhi
Centre for Biotechnology, Thiruvananthapuram
from April 16 to April 17, 2015
•

Tanuja Saswat, Abhishek Kumar, Sameer Kumar,
Prabhudutta Mamidi, Sagarika Muduli, Nagen
Kumar Debata, Niladri Shekhar Pal, Subhasis
Chattopadhyay, Soma Chattopadhyay presented the
work entitled “Molecular evidence of Dengue
Chikungunya co-infection in 2013 in Odisha and
Maharashtra” in the 4th Molecular Virology Meeting
which was held at Rajiv Gandhi Centre for
Biotechnology, Thiruvananthapuram from April 16
to April 17, 2015.

•

Prashant Khandagale attended “MCB75: from
molecules to organisms” at IISc, Bangalore on 11th14th Dec. 2015.

•

Prashant Khandagale attended NRSM (National
Research scholar's meet)-2015 at ACTREC, Navi
Mumbai on Date: 17-18th December 2015.5.

•

Abdul Ahad, JRF from our visited collaborative lab
of Prof. Hans Acha-Orbea at UNIL, Lausanne,
Switzerland in the purview of Indo-Swiss (DSTSNSF) project.

•

Mr. Gyan Prakash Mishra (project JRF) attended
hands on workshop for NGS data analysis in March
2016.6.

•

Amita G Ghadge, 39th All India Cell Biology
conference 6th -8th December 2015 held at IISER,
Trivandrum, India.

•

Sanjib Chaudhary, Anveshan-2015 Central Zone
Student Research Convention 22nd & 23rd January
2016, held at Fakir Mohan University, Balasore,
Odisha, India.

•

Kanchan Kumari, Anveshan-2015 Central Zone
Student Research Convention 22nd & 23rd January
2016, held at Fakir Mohan University, Balasore
Odisha, India.

•

Prabla Kumari. (2015). Presented research work
on “Phylogenetic and Genotypic characterization of
Vibrios associated with Corals and Lobsters from
Andaman Sea” at (NASI) 85th Annual Session and
Symposium on Marine and Fresh water ecosystem:
Role in National Development, organized by
National Academy of Sciences, India held at KIIT
University, Bhubaneswar from December 6-8. Page
no. 17.

•

Mr. Shayan Sarkar have given oral presentation
entitled, "Plant-derived SAC domain of PAR-4
(Prostate Apoptosis Response 4) exhibits growth
inhibitory effects in prostate cancer cells” in the

37th Annual Meeting of PTCA (I) and National
Symposium on 'Plant Biotechnology for Crop
Improvement' held from 25-27th February, 2016 at
CSIR-NBRI, Lucknow.
•

Arundhati Halder and Soumen Chakraborty.
Identification of the acetylation site in EVI1 and its
biological significance in hematopoietic cells. 14th
FAOBMB Congress and 84th Annual Meeting of
SBC(I) held at CCMB and BITS Pilani, Hyderabad
Campus from 24 - 30 November 2015.

•

BB Panda, PK Mohapatra and BP Shaw. Application
of 1-MCP improves grain filling in dense rice
cultivars". in 40th annual conference of ORISSA
BOTANICAL SOCIETY Feb 9-10, 2016 organised by
Dept. of Biosciences, F M University, Balasore11.

•

Saurabh Priyadarshi, PV Ramchander, CS Ray, KC
Panda, SR Nayak, Ashim Desai, NC Biswal.
Understanding the Genetic and Molecular Basis of
Otosclerosis. International Conference on
'Celebrating Genetics - The Human Way' and “41st
Annual Meeting of The Indian Society of Human
Genetics” organized by Vision Research Foundation
at the Lady Andal Auditorium, Chennai, from 03-05,
March, 2016.

•

Kirtal Hansdah, Saurabh Priyadarshi, PV
Ramchander, CS Ray, KC Panda, NC Biswal.
Association of RANKL Promoter Polymorphism
with Susceptibility to Otosclerosis. International
Conference on 'Celebrating Genetics - The Human
Way' and “41st Annual Meeting of The Indian
Society of Human Genetics” organized by Vision
Research Foundation at the Lady Andal Auditorium,
Chennai, from 03-05, March, 2016.12.

•

S. Suresh, 6th International Symposium on "Current
trends in Drug Discovery And Research" organized
by CSIR-CDRI, Lucknow from 25th-28th February
2016.

•

S Maji. BD-JH FACS Academy Flow Cytometry
Training Courses,held at Jamia Hamdard
University,BD JH FACS Academy,New Delhi, India
from November 3-5,2015.

•

Jain S . Attained the workshop on “workshop on next
generation sequencing (NGS) and genome wide
transcriptomics”. 7- 10th March 2016, at NISER,
Bhubaneswar

•

Das B. Attained the international workshop on

“Applications of Systems and Mathematical Biology
in Stress, Microbiome & Probiotics” at NISER
Bhubaneswar, March 2016
•

Das B, Suklabaidya S , Jain S , Senapati S. Functional
role of MAGEA3 in pancreatic cancer 12th
International conference of the Asian Clinical
Oncology Society (ACOS), New Delhi, April
201615.Dr. DileepVasudevan

•

Manas Kumar Jagdev, Chinmayee Mohapatra and
Dileep Vasudevan. Structural characterization of
caseinolytic protease-associated chaperone
p ro te i n s . 1 3 t h C o n fe re n c e o f t h e A s i a n
Crystallographic Association (AsCA) held in Kolkata
from December 05-08, 2015.

•

Ashish Kumar and Dileep Vasudevan. Host
nucleosomes forming a docking station for Dengue
virus capsid protein C - a structural analysis. 13th
Conference of the Asian Crystallographic
Association (AsCA) held in Kolkata from December
05-08, 2015.

•

Rajivgandhi Sundaram, Chinmayee Mohapatra,
Claudia Jonak and Dileep Vasudevan. Structural and
biophysical characterization of the histone
chaperone DEK3 from Arabidopsis thaliana. 13th
Conference of the Asian Crystallographic
Association (AsCA) held in Kolkata from December
05-08, 2015.

•

Ajit Kumar Singh, Sushil Kumar, Sheng Luan and
Dileep Vasudevan. Structural and functional
characterization of Arabidopsis thaliana FKBP53 - a
multi-domain histone chaperone. 13th Conference
of the Asian Crystallographic Association (AsCA)
held in Kolkata from December 05-08, 2015.

•

Sushil Kumar, Ajit Kumar Singh and Dileep
Vasudevan. Interaction studies of Influenza A virus
matrix protein M1, with host nucleosomal elements.
13th Conference of the Asian Crystallographic
Association (AsCA) held in Kolkata from December
05-08, 2015.

•

Bijayananda Panigrahi : Presented a poster
entitled,“Identification of differentially expressed
proteins involved in Nasopharyngeal carcinoma
using High throughput proteomics approach” in 7th
Annual Meeting of PSI and a themed conference on
"BioChromatography, Molecular Recognition and
Proteomics" was conducted at VIT
University,Vellore, India from December 3-6, 2015.

Conference / Workshops /
Meeting organized by ILS

Conference / Workshops Meeting
Organized by ILS
•

National workshop on Drug Design and Discovery-2016

•

83rd Annual Meeting of Society of Biological Chemists (India)

Workshop / Training / Meeting Reports
• National workshop on Drug Design and Discovery-2016

Continuing the tradition of National workshop on Drug
Design and Discovery, the fourth edition of the
workshop was organized at ILS from 8th to 11th March
2016. The workshop was aimed at developing a clear
understanding of fundamentals and latest concepts in
drug design and discovery. Additionally, advanced
concepts and cutting edge research problems were also
discussed. A total of 20 participants which included
Masters & PhD students and faculties from various
universities and institutes attended the workshop. The
lectures were held at ILS new seminar room while the
practical sessions were conducted at ILS computer
center. Each participant was given a single computer
terminal so as to maximize his learning of the course
work. A reference manual containing detailed
theoretical information about important topics was
published and provided to the participants.
Leading experts from different institutions such as
National Institute for Science Education and Research
(NISER), Schrodinger Inc., GITAM University, Hyderabad
etc. covered different topics related with drug design,
virtual screening, pharmacophore modeling, protein
structure modeling, molecular docking and molecular
dynamics. Hands on training in using softwares such as

Schrodinger, Modeller, Autodock, VMD, NAMD and
pymol were provided to the participants.
During the workshop Dr. KVS Badireenath (NISER)
discussed about design of anticancer agents. Dr. M.
Ravikumar (Schrodinger) discussed about molecular
docking, molecular dynamics and structure-based
virtual screening of chemical databases. Dr. G. Rambabu
(GITAM) discussed about structure based drug design.
Dr. Om Silakari discussed about Pharmacophore
modeling in drug design. Dr. M.K. Gupta (Lloyd Institute,
NOIDA) discussed about non-linear methods and neural
networks in drug design. Dr. Anshuman Dixit (ILS) gave a
talk on protein structure modeling and its applications
in drug design.
The experts also conducted training sessions where the
participants were trained through case studies and an
opportunity to learn with subject experts so as to
develop an in-depth understanding of the modern drug
discovery research.
The workshop concluded on 11th March with the
distribution of certificates and thanks note from
Director.
Convener: Dr. Anshuman Dixit

Workshop / Training / Meeting Reports
• National Symposium and Workshop on Advances Proteomics (NSWAP2016).
Proteomics has emerged as an essential and popular
tool in biological research due to their high through put
nature. Advances in Proteomics technologies have made
it more useful in terms of their application in various
areas of clinical and biological research. The National
Symposium and Workshop on Advances in Proteomics
(NSWAP2016) was conducted at Institute of Life
sciences, Bhubaneswar, Odisha, India from March 15-18,
2016. This included one day Symposium on Mar 15,
2016 followed by a three day workshop from March 1618, 2016. This event was also a part of March 18 as a
Proteomics day celebration. This was supported by
Proteomics Society-India (PSI) and Sciex, India.
The Symposium was mainly focused on the application
of advanced High through put proteomics techniques to
different aspects of life sciences wherein several
eminent invited speakers from different fields
presented their research work and share their
knowledge and experiences. Total 85 delegates have
attended symposium which includes mainly Ph.D. / M.D.
Research Scholar and Faculties from Research
Institutes, Universities and Medical colleges. Overall, all
the scientific talks of symposium were highly motivating
and encouraging for the participants. Symposium
concluded with remark by session chairs and vote of
thanks by the convener.

The workshop was aimed to provide training to research
scholars and young faculties working in the field of
proteomics. Out of total 38 applications received, total
12 numbers of Participants from different part of India
were shortlisted which included seven PhD Scholar and
five Young Scientist from different reputed Research
Institutes and Universities. The content of 3-day long
intensive workshop was Introduction to proteomics,
Basics of mass spectrometry, Workflow of a typical
proteomics study, Protein identification / quantification
by Mass Spectrometry (iTRAQ), 5800 MALDI TOF/TOF A working model of high resolution mass spectrometer
and Tandem mass spectrometry data analysis wherein
main focus was to introduce, demonstrate and provide
hands-on training for multiplex iTRAQ experiment and
mass spectrometry-derived proteomic data analysis.
Participants were highly motivated and found the
workshop significant and very much helpful for
beginners. However, participants felt that the frequency
and duration of such workshop could have been more
for a complete training. Workshop concluded with
valedictory function by awarding a workshop
completion certificate to participants, Mementos as a
token of appreciation to Instructors and finally vote of
thanks by convener.
Convener: Dr. Amol R. Suryawanshi

Institutional Activities

Institutional Activities
•

Hindi Seminar

•

Hindi Pakhwada

•

Foundation Day

•

Popular Talks

•

Science Outreach Programme

Hindi Seminar

The scientific seminar in Hindi was held at ICAR-CIWA (Central Institute of Women's Agriculture) , Bhubaneswar on
17th March 2016 in collaboration with ILS, IIMT,IOP (Institute of Physics), NISER (National Institute of Science
Education and Research) and CIWA, Bhubaneswar. The Seminar Topics was “Start-up India”. Scientist and faculties
from above institute delivered lectures on the topic. Dr. D.V.Singh, Dr. Sandeep Mishra and Dr. Neera Singh from ILS gave
oration on the specified topic.

Hindi Pakhwada

The Hindi Pakhwada/Hindi Saptah is organized every yesr in Central Government Organizations/
Undertakings/ Autonomous Bodies for spreading awareness of Rajbhasha (Hindi). Hindi Saptah was organized at ILS
on 8th & 9th Sept, 2015. On this occasion, various competitions including Hindi dictation, Translation, Hindi Quiz, BadVivad, Ek-minute were organized among the staff and students. On the valedictory function of Hindi Saptah, prizes
were distributed to the winners of different events. Dr. Ravindran, Director, all the staff and students were present in
this occasion. Dr. Namita Swain from AG office, Odisha, Bhubaneswar was invited as the Chief Guest.

Foundation Day

Foundation Day oration delivered by Prof. Indira Nath

Prof. Indira Nath from All India Institute of Medical Sciences (AIIMS), New Delhi delivered the foundation day oration
2016. Her talk titled “My journey in immunology and leprosy research” outlined the achievements of her more recent
and past work. She interacted with faculty and students and distributed prizes to students who had own awards for
poster presentation during SAC meeting 2015 and ILS annual seminars. She also distributed prizes to winners of
cultural activities.
The Director, ILS had distributed prizes to the winners of various sports competitions. Faculty, staff and students
presented a well orchestrated cultural programme in the evening of the foundation day. This was followed by a dinner
that was well attended by people associated with ILS as well as their family members.

Popular Talks
Institute of Life Sciences organised two popular lectures to celebrated 30th anniversary of Department of
Biotechnology (DBT), Ministry of Science and Technology (MoST), Govt. of India. The lectures were an effort by ILS to
enhance public understanding of science and create enthusiasm among school and college students towards science.
The first lecture titled “Bad bugs on the big screen: Science Fiction and Facts in Hollywood” was delivered by Prof. Ian
Lipkin from Columbia University, New York, USA on 16th December 2015. He talked about how the Hollywood movies
depict science. He explained how viruses could transmit from animals to humans. He also explained how globalization
spreads viruses and other microbes at an alarming speed from one county and one continent to another. The lecture
had lots of video clips from popular movies, which was a big hit among school students. Prof. Lipkin also delivered a talk
at ILS titled “Microbial surveillance and discovery in acute and chronic disease” on 17th December 2015. This talk was
attended by scientists working at ILS and other institutes in Bhubaneswar.
The second popular lecture was delivered by Prof. Jerry Coyne from University of Chicago, USA on 28th March 2016. His
lecture titled “Why evolution is true (but many people deny it)” was well attended by students and faculties from
schools, colleges and universities as well as by public at large. He explained the theory of evolution and how evolution
works in a language understood by non-scientific community. He presented compelling evidence to support the view
that evolution is true and not just a theory. Prof. Coyne also delivered at talk on speciation titled “Two flies on an island:
the genetic basis of species formation"” at ILS on 29th March 2016.
Both lectures were organised at Institute of Physics (IOP) auditorium to accommodate large audience. Both speakers
spend at least a day interacting with scientists at ILS and faculties from nearby institutes.

IanLipkin_PublicLect

JerryCoyne_PublicLect

Science Outreache Programme
Institute of Life Sciences, Bhubaneswar has started a science outreach programme in 2015 to familiarise school and
college students with modern biological research activities. These include visits of school and college students to ILS
and ILS scientists giving lectures and seminars at schools and colleges. We hope that such activities will foster curiosity
among these students.
In future, ILS science out reach activities will be conducted at a purpose built science outreach center, which will be
opened shortly. The science outreach center can accommodate up to 30 students at any time. There is bench space for
students to conduct experiments themselves rather than observing demonstrations of various science experiments.
The programme is currently being developed for both school students and teachers, who can stay at campus for 3-5
days. Both ILS scientists and PhD students will conduct these programmes to impart science education and generating
interest towards science among school and college students as well as familiarizing their teachers with recent scientific
developments.
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Scientists
1.

Dr. B. Ravindran

Director
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Dr. S. C. Sabat

Adjuct Faculty

3.

Dr. B. P. Shaw

Scientist-F

4.

Dr. D. V. Singh

Scientist-F
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Dr. S. K. Mishra

Scientist-E
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Dr. S. K. Das

Scientist-E
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15. Dr. S. V. Indran

Scientist-D

16. Dr. S. Jena

Scientist-D
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27. Dr. P. Prasad
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Scientist-C

Administrative & Supporting Staff
29. Mr. B. P. Samal
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30. Mr. D. Pradhan

Administrative Officer

31. Mr. B. M. Mishra

Accountant

32. Mrs. D. N. Kanungo
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33. Mr. P. K. Das
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Technical Officer-1

35. Mr. P. K. Sahoo
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36. Mr. K. C. Sahoo
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37. Mr. P. Nath
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38. Mr. B. S. Sahoo
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40. Mr. K. C. Nayak
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47. Mr. B. K. Rout

Tradesman
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24. Priyambada Parhi
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30. Sarbari Acharya
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37. Abhishek Kumar
38. Indrani Das
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40. Sourabh Priyadarshi
41. Santanu Maji
42. Sujit Suklabaidya

43. Abhijit Poddar
44. Rosalima Peter
45. Kanchan Kumari
46. Shayan Sarkar
47. S.N. Rajashree
48. Arundhati Halder
49. Avishek Chatterjee
50. Prashant R Khandagale
51. Rinchen T Lepcha
52. Sameer Kumar
53. Tanuja Kumari
54. S. Suresh
55. Ravindra Kumar
56. Sabindra Kumar Samal
57. T. Ashoka Chary
58. Sumit Jain
59. Praveen Barrodia
60. Rashmi Ray
61. Ashish Kumar
62. Biswajit Das
63. Supriya Borah
64. Cyrus Alexander
65. Sunanda Mallick
66. Kirtal Hansdah
Junior Research Fellow
1. Amber Gupta
2. Shifu Aggarwal
3. Amita G. Ghadge
4. Sanoj K. Nayak
5. Dheerendra Gupta
6. Abdul Ahad
7. Shuchi Smita
8. Riya Sarkar
9. Arundhati Das
10. Jhinuk Basu
11. Deepika Singh
12. Debasish Deb
13. Ankita Shrestha
14. Ahamed Khan
15. Sherin
16. Ranju
17. Shikha Kushwaha
18. Anjali Sharma
19. Rhitayu Chakraborti
20. Amol M Kanampalliwar
21. Sana Fatma
22. Sugandh Kumar
23. Rajivgandhi S
24. Ajit Kumar Singh
25. Atimukta Jha
26. Nitish Jangde
27. Joyness Nighthoukhonjam
Lab Technician
1. Biswajita Prusty
2. Parthasarathi Natha sharma
3. Ankita Mishra
4. Satyajit Behera
Social/Field Worker
1. Ranjan Kumar Barik

INSTITUTE OF LIFE SCIENCES, Bhubaneswar
Balance Sheet as on 31st March 2016
CAPITAL FUND AND LIABILITIES

Schedule

CAPITAL FUND
RESERVES AND SURPLUS
EARMARKED/ ENDOWMENT FUNDS
SECURED LOANS AND BORROWINGS
UNSECURED LOANS AND BORROWINGS
DEFERRED CREDIT LIABILITIES
CURRENT LIABILITIES AND PROVISIONS
TOTAL
ASSETS
FIXED ASSETS
CAPITAL WORK-IN PROGRESS
INVESTMENTS-FROM EARMARKED/ENDOWMENT FUNDS
INVESTMENTS-OTHERS
CURRENT ASSETS
(i) CASH AND BANK BALANCES
(ii) LOANS & ADVANCES
MISCELLANEOUS EXPENDITURE
(to the extent not written off or adjusted )
TOTAL
SIGNIFICANT ACCOUNTING POLICIES
CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS

As per our attached
report of even date

1
2
3
4
5
6
7

8
9
10
11
11

Previous Year
2014-15
9658,71,206.50
1005,52,326.09
10664,23,532.59

7397,31,019.16
945,42,000.00
-

4253,24,059.82
-

829,16,601.74
1978,84,532.86
-

1192,20,737.21
5218,78,735.56
-

11150,74,153.76

10664,23,532.59

25
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For and on behalf of
A K Mohanty & Associates
Chartered Accountants
FRN- 322168E

For and on behalf of
Institute of Life Sciences

Place: Bhubaneswar
Date: 28.078.2016
(Mr. R. K. Behera)
Finance & Accounts Officer

(Amount in Rs.)

Current Year
2015-16
10476,56,578.74
674,17,575.02
11150,74,153.76

(Dr. B. Ravindran)
Director

CA A. K. Mohanty,
FCA Chartered Accountant
M.No. 056105

Institute of Life Sciences, Bhubaneswar
Income And Expenditure Account for the Year Ended
31st March 2016
(Amount in Rs.)
Current Year
2015-16

Previous Year
2014-15

12
13
14
15

3024,50,689.32
1,83,030.00
-

2262,41,763.00
9,24,707.50
-

16
17
18
19

71,75,927.00
45,62,108.15
3143,71,754.47

67,07,546.00
114,11,303.00
2452,85,319.50

20
21
22
23

648,26,408.50
1447,64,198.20
669,41,996.50
1118,54,390.93
3,75,202.10
3887,62,196.23
(743,90,441.76)

415,38,781.50
1412,06,479.59
551,37,837.90
695,92,498.00
27,42,595.50
3102,18,192.49
(649,32,872.99)

Schedule
INCOME
Income from Sales / Services
Grants
Fees
Income form Investments (Income on Invest. from earmarked/endow.
Funds transferred to Funds)
Income from Royalty, Publication etc.
Interest Earned
Other Income
Increase/(decrease) in stock of Finished goods an works-in-progress
TOTAL (A)
EXPENDITURE
Establishment Expenses
Other Administrative Expenses etc.
Expenditure on Grants, Subsidies etc.
Interest
Depreciation (Net total at the year-end-corresponding toSchedule8)
Refund of Unspent Grant
TOTAL (B)
Balance being excess of Expenditure Over Income(A-B)
Transfer to Special Reserve (Specify each)
Transfer to/ from General Reserve
Transfer to Unspent Interest on Grant-in-aid (Annexure-56)
Unspent Grant transferred to B/s
BALANCE BEING SURPLUS/(DEFICIT) CARRIED TO
CAPITAL FUND
SIGNIFICANT ACCOUNTING POLICIES
CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS

As per our attached
report of even date

71,75,927.00
158,41,124.00
(974,07,492.76)

67,07,546.00
(716,40,418.99)

25
26

For and on behalf of
A K Mohanty & Associates
Chartered Accountants
FRN- 322168E

For and on behalf of
Institute of Life Sciences

Place: Bhubaneswar
Date: 28.078.2016
(Mr. R. K. Behera)
Finance & Accounts Officer

24

(Dr. B. Ravindran)
Director

CA A. K. Mohanty,
FCA Chartered Accountant
M.No. 056105

Availability of Funds During the Year 2015-16
Total `4974.58 Lakhs

Overall Expenditure During the Year 2015-16
Total `4290.11 Lakhs

