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thinking, meticulous planning and prudent analysis of the
results. These research efforts have resulted in a large
number of significantly high impact factor publications in
peer reviewed journals, presentations in a number of
national and international conferences and a number of
research scholars those obtained their Ph.D. Degree. I
complement the staff and scholars for their dedicated
efforts and look forward to further advancements. We are
grateful to the members of the Scientific Advisory
Committee (SAC) and the Governing Body (GB) for their
inputs, suggestions and encouragement.

From the Director's desk
It gives me immense pleasure to place before you the
Annual Report (2016-17) of the Institute of Life Sciences
(ILS), an organization deeply committed to contribute
towards overall development and betterment of human
health, longevity, agriculture and environment through
high-quality multidisciplinary research in the area of life
sciences. I am privileged and honored to lead this excellent
institution and its dedicated and committed faculties,
technical and administrative staff and enthusiastic
research students since January 2017, and I am absolutely
confident that the research and development efforts of ILS
in the coming days would immensely contribute both
towards scientific excellence and societal impacts.
The high level scientific review carried out by DBT during
the year, motivated the scientists and scholars to look
back and look ahead, and reshape and refocus the priority
areas of research at ILS, with an commitment and
objective of carrying out cutting edge life science research
those are scientifically rewarding, technologically
challenging and socially relevant with a broader
implication at the global levels. Based on several in-depth
in house discussions and keeping in mind the core
competency of its well-recognized faculties Institute of
Life Sciences, in the coming years, will undertake relevant
research and development efforts in modern biology in
the much needed areas of (a) Infectious Diseases, (b)
Cancer Biology, (c) Genetic & Autoimmune Disorders and
(d) Plant and Microbial Biotechnology, and will acquire
insights at cellular and molecular levels in pathogen
biology, immune-regulation and inflammation, cancer
biology and plant biotechnology, and thrive for providing
practical solutions for the major problems and challenges
being faced by the communities.
The detailed report of the research activities carried out
by the ILS scientific teams is provided in this report. I am
sure that the readers will concur with significant high
quality research outputs based on critical scientific
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While these achievements are significant, ILS is
contemplating diversifying its efforts and undertaking
research in priority areas of local relevance. We propose
to undertake studies and interventions in achieving
sustainable food, nutrition and health security of tribal
population. We intend to gain insight into traditional
knowledge systems of these communities, and employ
advanced tools and technologies for value addition and
product development. This will be achieved through
structured partnership at local, national and
international level. A beginning has been made during the
year with Institute of Life Sciences (ILS) and Institute of
Bioresources and Sustainable Development (IBSD),
Imphal having entered into a collaborative agreement for
undertaking research and development efforts for
sustainable bioresource management in Odisha and
Northeast regions of the country. A national level
consultation was jointly organized by ILS and IBSD to
identify priority areas of focus and identifying need based
partnerships. ILS also took the lead and convened number
of consultations with an aim of forging research
partnerships among leading research and development
organizations in Bhubaneswar and Cuttack, for
undertaking need based complementary research for
societal benefits.
During the year a strong focus was given to structured
outreach strategy for the Institutions. A dedicated
“Science Outreach Centre” was inaugurated during
March 2017, with a focus for providing platform and
opportunities for young students and scholar for
inculcating scientific temper among them and also to
organize dialogues and technology dissemination
workshops for relevant stakeholders of the region.
I take this opportunity to place on record my deep sense of
appreciation to Dr. B. Ravindran, Former Director
(superannuated in August 2016), for the leadership and
vision he had provided in shaping the research agenda of
ILS over the last decade. I also complement the efforts of
scientific, technical and administrative staff for their
dedicated efforts and contribution to the growth and
development of ILS. The preparation of this year's annual
report was meticulously coordinated by a team led by Dr.
Soma Chattopadyay, and my sincere thanks to them.
Dr. Ajay Parida
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Immunobiology of Matazoan Parasites
Principal Investigator:
PhD Students:

Fast Track/ Woman Scientist:
Young Scientist (DST-SERB):
Senior Research Fellow:

N.PDF (DST-SERB):

Laboratory Technician:
Collaborator:

Dr. Balachandran Ravindran
Dr. Birendra Kumar Prusty

SRF

Dr. Geetanjali Agnihotri
Dr. A. Raj Kumar Patro

Dr. Diwakar Singh

Dr. Sagar Gaikwad

Ms. Aisurya Ray

Dr. Sylviane Pied, Pasteur Institute, Lille, France

Dr. Satyajit Rath, NII, New Delhi, Adjunct Faculty THSTHI, Gurgaon, India

Dr. Vineeta Bal, NII, New Delhi; Visiting Faculty, IISER, Pune, India
Dr. Anna George, NII, New Delhi, India

Dr. Shobhana Sharma, TIFR, Mumbai, India

Dr. Kanury Venkata Subba Rao, DDRC, THSTI, New Delhi, India

Dr. Bidyut K. Das, SCB Medical College, Cuttack, India
Dr. Sriprasad Mohanty, SCB MCH, Cuttack, India

Dr. P. K. Thatoi, SCB Medical College, Cuttack, India

Dr. Padmalaya Das, Asian Institute of Public Health, Bhubaneswar, India

Project A: Immunomodulation in murine malaria
Introduction / Background
We have earlier shown that , acute malaria
renders mice to increased susceptibility to endotoxemia
and bacterial infections. On contrary mice chronically
infected with Plasmodium chabaudi (Pc) were resistant to
secondary bacterial challenge and polymicrobial sepsis.
This unexpected observation was extended to test their
susceptibility to endotoxemia and the possible molecular
and cellular mechanisms behind this phenomenon.

Specific Aims
•

•

To study immune responsiveness of malaria
recovering subjects to lipopolysaccharide (LPS)
To study the coagulation parameters in chronic
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malarial infected mouse upon LPS challenge

Work achieved in the current year

P. chabaudi infection model allows such
investigations akin to chronic malaria carriers since mice
recover spontaneously 20-25 days after a phase of
parasitaemia and the animals sustain chronic low grade
infections for several weeks. During this phase, mice were
found to be tolerant to LPS – there was no mortality when
mice were challenged with a lethal dose of LPS. Although
mice with chronic malaria were fully protected in term of
mortality significantly high induction of inflammatory
molecules were induced in comparison to normal
controls as shown by quantification of 32 parameters by
Bioplex [(Principal Component Analysis (PCA), Fig 1c) &
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Fig. 1 : Blood coagulation parameters and cytokine response in chronic malaria infected mice in response to LPS: Plasma concentration
of Thrombin anti-thrombin (TAT) complex (Fig 1a), plasmin anti-plasmin (PAP) complex (Fig 1b) in control and chronic P. chaubaudi
infected mice (2hpi, LPS@5mg/Kg i.p) and PCA (Fig 1c), VIP score (Fig 1d) showing cytokine response

Variable Importance in the Projection (VIP) scores, (Fig
1d)]. These observations indicated that in spite of
induction of very high inflammation on challenge with
LPS the mice were still protected from mortality.
Examination of level of blood coagulation however
suggested that mice with chronic malaria were defective
in induction of coagulation (one of the mechnisms of
mortality in endotoxemia) - formation of plasmin-

antiplasmin (PAP) complex (Fig 1a) and thrombin antithrombin (TAT) complex (Fig 1b) were significantly low in
mice with chronic malaria when compared to normal
controls. Macrophages from mice with chronic malaria
were also found to be defective in bacterial phagocytosis
and induction of autophagy (both critical for growth of
Salmonella typhimurium) which could also be
contributing to their resistance to bacterial challenge.

Fig 2: Parasitaemia profile induced by wild type and mutant (HMGB1 knock-out) P.berghei: (Fig 2a) Animals infected with mutant
parasite fully recovered with significantly lower parasitaemia while wild type parasite induced very high parasitaemia and was
uniformly lethal (Fig 2a), PCA of 32 plasma cytokines in mice infected with wild type (green dots each representing one mouse) and
HMGB1 KO mutant P.berghei (red dots each representing one mouse) showing a significant difference in host response between the two
parasites(Fig 2b)

04
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Analysis of microbiota by 16S rRNA of faecal DNA in an
Illumina plateform revealed significant increase of
Lactobacillus species (amoungst other significant
changes) in chornic malaria in comparison to normal
controls. We propose that all these observations on
resistance to sepsis, bacterial infections and endotoxemia
in mice with chronic malaria (apart from their resistance
to malaria) could offer insights into wide spread
occurrence of asymptomatic malaria in humans living in
malaria endemic areas. This status has been explained as
'anti-disease' immunity in literature in which host
immunity blocks pathogenesis of clinical malaria while
sustaining parasitaemia in circulation. Studying
asymptomatic carriers in malaria endemic areas in the
context of their response to LPS and anti-bacterial
immunity can be expected to offer insights into
understanding pathogenesis of malaria. The other aspect
of search for parasite molecules that induce inflammation
and pathogenesis of clinical disease in malaria were also
addressed. Our working hypothesis was that, homologue
of high-mobility group box protein 1 (HMGB1), a
prominent danger associated molecular patterns (DAMP)
in mammals could be candidate parasite molecule for
induction of pathology during malaria and host immune
response neutralizing them could offer 'anti-disease
immunity'. This was studied by a) generating
recombinant parasite HMGB1 and studying its biology
and b) by developing a mutant Plasmodium in which
genes for HMGB1 are deleted. Antibodies to HMGB-1 of P.
falciparum,(PfHMGB-1) were found to be highly specific
and reacted only with PfHMGB-1 with no cross reactivity
with murine HMGB-1 as shown by western blot assays –
Conversely antibodies to murine HMGB1 reacted only
with host HMGB1 with no cross reactivity to PfHMGB-1.
Secondly during experimental infection of mice with P.
chaubodi the animals generated antibodies reactive with
PfHMGB-1 at a late stage after recovering from
parasitaemia–the antibody titres were however not very
high suggesting that experimental malaria induces only a
weak antibody response to parasite HMGB1. Antibodies
to PfHMGB1 were detectable in patients with clinical
malaria. Regardless of clinical status of malaria (noncomplicated vs complicated with multi-organ failure) the
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anti-PfHMGB1 titres were comparable. PfHMGB1
generated sterile inflammation in mouse peritoneum as
shown by neutrophil infiltration – both in terms of
numbers as well as percentages and induction of
inflammatory cytokines and chemokines in peritoneal
fluid. LPS was taken as a control for PAMP induced
inflammation which did not mediate neutrophil
infiltration while inducing cytokine responses in
peritoneum. More significantly parasite HMGB-1 induced
differential regulation of immune receptors (TLR4,
Scavenger Receptor, CD36, CD62L and CD11b) on the
surface of macrophages when compared to LPS. Since
recombinant parasite HMGB1 induced significant
inflammation we conclude that this parasite molecule
could be contributing significantly to virulence and
induction of inflammation and clinical manifestations
observed in malaria. The second approach was to develop
a strain of P. berghei in which HMGB1 genes are deleted.
This was achieved by nucleofecting the P. berghei
schizonts with the knock-out construct in which 5' and 3'
UTRs of P. berghei HMGB1 were cloned flanking the
human DHFR selection marker. The transfected parasites
were subjected to pyrimethamine selection in vivo and
the targeted gene deletion of HMGB1 in P. berghei was
confirmed by PCR. The mutant P. berghei strain was viable
and induced non-lethal and self-limiting parasitaemia of
asexual stages of the parasite cycle unlike wild type P.
berghei that caused severe parasitaemia in BALB/c mice
leading to uniform mortality of all animals (Fig 2a). These
critical findings suggest the role played by parasite
HMGB1 in virulence of P. berghei. Bioplex analysis for 32
plasma cytokines in mice also indicated a qualitative
difference in terms of host response between wild type
and mutant P.berghei (Fig 2b).

Future Plan
•

Studying asymptomatic carriers in malaria
endemic areas in the context of their level of
tolerance to LPS and their macrophage response
which will offer insights into understanding the
pathogenesis of malaria. Immune response to
parasite HMGB1 will be undertaken in
asymptomatic carriers with a view to understand
anti-disease immunity.

05

ANNUAL REPORT - 2016-17

Antibiotic Resistance, Biofilm and Bacterial Pathogenesis
Principal Investigator:

PhD students:

Dr. Durg Vijai Singh
Miss. Saasmita Panda

SRF

Miss. Moon Moon Das

SRF

Mr. Amol Kanampalliwar

JRF

Miss. Smrutiti Jena

SRF

Miss. Shifu Agarwal

JRF

Fast Track Scientist:

Dr. Jawed Alam

Collaborators:

Prof. Rita R Colwell, PhD, University of Maryland Institute for Advanced
Computer Studies, University of Maryland at College Park, Maryland.

Laboratory Attendant:

Mr. Satyajit Behera

Dr. Shavitri Sharma, MD, L.V. Prasad Eye Institute, Hyderabad.

Project A: Studies on curcumin inhibition on biofilm formation of ica-negative ocular isolates of
Staphylococcus haemolyticus
Introduction / Background
S. haemolyticus is the second most isolated
pathogen from ocular infections and blood cultures
among the coagulase-negative staphylococci (CoNS).
Unlike S. aureus and S. epidermidis, no much information
is available about the virulence of S. haemolyticus in the
context of ocular infections. Autolysis and adhesion of
surface-associated proteins mediated by cidA and
sortaseA are crucial for biofilm formation. No report
showed the temporal role of these processes and genetic
components in S. haemolyticus biofilm formation.

Specific Aims
•
•

To examine the capacity of biofilm formation and
its composition among 18 ocular isolates of S.
haemolyticus.

To look for the presence of genetic determinants
associated with biofilm formation and ARGs in
eDNA.

INSTITUTE OF LIFE SCIENCES

•

To examine the effect of curcumin on autolysis
and adhesion of surface-associated proteins on
inhibition on biofilm formation.

Work achieved in the current year

PCR and RT-PCR assays: Although all the ocular isolates
produced biofilm, none carried the icaA or icaD genes,
irrespective of the sources of isolation. All isolates carried
the genes encoding for cell surface attachment proteins
(ebpS, cbp, fbp and srtA), quorum sensing (agrA, agrB,
agrD and luxS), eDNA release (cidA, cidB, lrgA, lrgB, lytS,
lytR and atlE), and global regulators (sarA, mgrA, and sigB
and AraC/XylS). The expression study of biofilmassociated genes showed that majority of the isolates
expressed genes associated with cell surface attachment,
quorum sensing, eDNA release and global regulation.

Composition of the biofilm matrix: We found that 17 of
18 ocular S. haemolyticus isolates showed detachment
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Fig. 1. Percent detachment of preformed biofilms obtained with 18 ocular S. haemolyticus isolates after treatment with NaIO4, proteinase K or
DNase I.

after treatment with proteinase K, and 14 isolates after
treatment with DNase I, and NaIO4 respectively. We
noticed that none of the strains showed strong
detachment (50-90%) upon NaIO4 treatment. However,
11 isolates showed moderate (10-50%), and three strains
showed low level (0-10%) of detachment, respectively.
While studying the effect of proteinase K and DNase I on
biofilm detachment, we found 17 isolates showing
intermediate and 13 strong detachment, respectively
(Fig. 1). The positive control S. epidermidis ATCC 35984
displayed strong detachment upon NaIO4 treatment.

Characteristics of eDNA in biofilm matrix: In
comparison to other strains, two of the isolates, SHN65
and SH314 produced more eDNA. When eDNA used as a
template for PCR, these isolates showed positive results
for genes encoding for ARGs.

Temporal effect of autolysis and curcumin on biofilm
formation: The polyanethole sulphonate (PAS) added at

zero to three hour of time points drastically reduced the
biomass of the adherent cells of S. haemolyticus SHN65.

The curcumin (0.1 mg/ml) inhibited the biofilm
formation by five of the seven S. haemolyticus isolates
tested and of S. epidermidis ATCC 35984 (Fig. 2A and 2B).
The addition of curcumin at zero to three hour time points
drastically reduced the biomass of the adherent cells of
SHN65 and ATCC 35984. This reduction in biomass was
not observed during the later time points (Fig. 2C and 2D).
The expression of srtA was also elevated during early time
points of biofilm formation (Fig. 2E).

Future Plan
•

Studies on the temporal and stochastic expression of
biofilm-associated genes, the release of eDNA and
composition of proteins in biofilm matrix are
warranted to understand the mechanism involved in
S. haemolyticus biofilm development.

Fig. 2. Temporal effects of curcumin on biofilm formation by S. haemolyticus strain SHN65 at 0 hr (A and B), at different time point (C, D)
and on expression of srtA (E) during early time points of biofilm formation.
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Project B: Analysis of multidrug-resistant
Staphylococcus epidermidis strains isolated
from infected eyes and healthy conjunctiva
Introduction / Background
Staphylococcus epidermidis a member of coagulase
negative Staphylococci (CoNS) are normal inhabitant of
human skin, mucosal and ocular surfaces. Several
molecular typing methods have been used to study
epidemiology and clonal relationships of S. epidermidis;
however, not a single technique alone could discriminate
the strains. Although S. epidermidis is rated as one of the
emerging ocular pathogens and showing resistance to
antibiotics; not much information is available on their
molecular diversity.

Specific Aims
•
•

To analyze antibiotic resistance and virulence
profiles of S. epidermidis isolated from infected
eye and healthy conjunctiva.

To determine the genomic diversity using PFGE
and MLST and correlate results with antibiotic
resistance, SCCmec type, and virulence genes.

Work achieved in the current year

Antibiotic resistance pattern: Thirty-five of the 52
strains were resistant to oxacillin and carried mecA gene.

None of the isolates were resistant to vancomycin or
cefazolin. Twenty-one isolates from the infected eye and
13 from healthy conjunctiva showed resistance to
fluoroquinolones.

Antibiotic resistance genes and gyrase mutation: Of
the 36 fluoroquinolone resistant S. epidermidis, 32 strains
showed mutations S84→F/Y in gyrA gene, but none in the
gyrB gene. Similarly, 31 strains showed a known mutation
in parC gene. Five isolates from infected eye also showed
novel mutation D84→C and one to V82→L in parC. Five of
the six isolates from the infected eye and one from healthy
conjunctiva showed mutation N404→S in the parE gene.

Virulence profile of S. epidermidis: All the S.
epidermidis strains harbored icaA and icaD genes. Fiftytwo isolates carried ACME operon. Similarly 50 isolates
amplified a fragment of IS256 (Table 1.1).

SCCmec typing: Of the MRSE strains, 25 belong to known
SCCmec types of which 17 strains carried SCCmec type IV,
four type V, two type II and two carried unknown type
UT4 (Table 1.2). Seven strains carried multiple ccr
complexes and SCC mercury element (SCCmer). One
strain from infected eye belonging to UT4 was also
positive for SCCmer (Table 1.2). Although ten of the 17
MSSE isolates failed to amplify mec and ccr complex, five
isolates carried ccrA2B2, and one isolate carried ccrC1
but lacked mec complex. One of the MSSE isolates carried

Table 1.1. Distribution of ST, PFGE types, SCCmec types and virulence genes among S. epidermidis isolated from the
infected eye and from healthy conjunctiva.
ST (no. of strains, %) PFGE types SCC mec types
(no. of strains)
Ocular infection
ST179 (10, 43.4%) 5
ST197 (2, .08%)
ST173 (2, .08%)

2
2

Other STs (9, 39.1%) 9

Healthy conjunctiva
4ST59 (4, .13%)
4
ST6 (3, .1%)

ST48 (2, .06%)
ST69 (2, .06%)

3

2
2

Other STs (18, 62%) 16

UT14 (1)
UT12 (4)
IV (5)

No. of strains showing the presence of virulence factors
ACME I

ACME II

ACME III

icaA

icaD

IS256

8

1

1

10

10

9

IV (1)
Absent (1)

1

0

0

2

2

2

V (1), IV (3),
UNT-IV (1),
Absent (4)

5

1

1

9

9

9

2

2

0

4

4

4

1
2

0
0

0
0

2
2

2
2

2
2

UNT-I (1)
UNT-II (1)

IV (3)
II (1)

Absent (3)

IV (2)
IV (1)
UT12 (1)

2

0

IV (2), V (3), II (1), UNT-I (4), 12
Ut11 (2), UT13 (2), UNT-IV
(1), UNT-III (1), Absent (2)

0

3

4

0

0

1

2

3

18

2

2

3

3

18

17

ST: sequence type; PFGE: pulsed field gel electrophoresis; MLST: multi-locus sequence typing; UT: Unnamed type, UNT: Untypeable.
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Table 1.2. Distribution of SCCmec types and SCCmer element among S. epidermidis strains isolated from the infected eye
and healthy conjunctiva.

SCCmec
type

No. of
Strains

No. of strains from

mecA
gene
+

C1

C2

0

+

A2B2

A

0

Infected
eye

V

4

1

3

II

2

0

2

IV

17

UT4

2

UT11

2

UT12

5

UT13

2

UT14

1

UNT-I

5

UNT-II

1

UNT-III

1

Absent

10

9
1*
0
4
0
1
1
1
0
5

UT: Unnamed type, UNT: Untypeable.

Healthy
conjunctiva

8
1
2
1
2
0
4
0
1
5

more than one ccr type (A2B2, C1) and SCCmer (Table
1.2).

Genomic diversity: SmaI restriction digestion of DNA
from S. epidermidis generated 14 to 21 bands, classifying
the isolates into 35 pulsotypes, 16 subtypes, and three
identical pairs (Table 1.1). Of the 52 S. epidermidis strains,
47 comprising 20 from infected eye and 27 from healthy
conjunctiva harboured ACME operon of which 33
belonged to ACME type I, 11 to type II, and three to type III
respectively (Table 1.1). MLST analysis of the S.

10

+
+
+
+
+
+
-

ccr complex

A2B2
A2B2,C1

A2B2, C1
A2B2, C1
A2B2
A2B2
A2B2

A2B2,C1
C1
-

mec
complex

B

C2
B

A

C2

C2+
-

SCCmer

0
1*
2
5
0
0
0
1
0
0

epidermidis strains identified 28 distinct STs of which
ST179 was the most common followed by ST59 and found
mostly in infected eye isolates (Table 1.1).

Future Plan

• Assessment of biofilm forming capacity of the S.
epidermidis isolates, its nature and the presence
of biofilm associated genes. Trsnscriptome
analysis and deletion mutant generation of
biofilm associated genes to determine its role in
biofilm formation and regulation.
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T cell AICD Modulation and Immune Response
Principal Investigator:

PhD. Students:

Laboratory Technician:
Collaborators:

Dr. Satish Devadas
Mr. Gajendra M Jogdand

SRF

Mr. Ravichandra Tagirasa

SRF

Miss. Subhasmita Mohanty
Mr. Soumya Sengupta

Mr. Prakash Kumar Barik

SRF

JRF

Dr. Soumyava Basu, LVPEI, BBSR

Dr. Jyoti Parida, SUM Hospital, BBSR

Project A: Retinal antigen-specific T-cells in TB-associated uveitis, and their resistance to activation
induced cell death
Introduction / Background
Intraocular inflammation and eventual visual
impairment in Tuberculosis-associated uveitis (TBU) are
compounded by the absence of definitive diagnosis and
an unpredictable response to treatment. Here, we
demonstrate that the intraocular immune response in
TBU is initially directed towards Mycobacterium
tuberculosis and subsequently directed to retinal
autoantigens. Immunophenotyping of vitreous humor
samples demonstrated polyfunctional effector and
central memory CD4+ T helper cells co-expressing IFN-Gg, TNF-a as well as IL-17. However, the mycobacterial and
autoreactive T-cell populations differ in their sensitivity
to antigen-induced cell death (AICD).

Specific Aims
•

To demonstrate AICD sensitivity and resistance
in antigen specific and non specific T cells

Work achieved in the current year

We hypothesized that effector T-cells in diseased
eyes should be specific for Mtb antigens as against retinal
autoantigens which would corroborate with a direct role
of Mtb in TBU pathogenesis. Expectedly, we found Mtb
protein Early Secreted Antigenic Target-6 (ESAT-6)

INSTITUTE OF LIFE SCIENCES

specific CD4+ T-cells in TBU vitreous samples that were
predominantly of effector memory phenotype.
Surprisingly, however, we found that the vitreous
samples also contained a distinct population of
autoreactive retinal antigen-specific T-cells. Both subsets
were highly pro-inflammatory, in that, they included IFNg, IL-17, and TNFα triple positive T-cells besides various
double-positive subsets (Fig.1). Next, we investigated the
impact of auto-reactive T-cells on the immune
homeostasis inside the eye. Autoreactive T-cells, have
recently been shown to resist to antigen-induced cell
death (AICD), possibly due to the predominance of the
Th17 phenotype among these cells (Cencioni et al, 2015).
Our study offered a unique opportunity to compare AICD
sensitivity between microbe-specific and autoreactive Tcells, isolated from the same site of inflammation. Indeed,
the retinal antigen-specific T-cells showed relative
resistance to AICD, as compared to Mtb-specific cells and
this AICD resistance was driven by reduced expression of
pro-apoptotic FasL and Caspase-3 and sustained
production of the survival protein, pAKT. The Th17
phenotype was also more prevalent in the autoreactive Tcell population, compared to Mtb-specific cells. Taken
together, our study provides a unique model for
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Fig. 1. T helper subsets in Mtb infection Vitreous humor: CD4 T cells from Mtb infected vitreous humor were analyzed for IL-17, IFN-g and
TNF-a in central and effector memory T cells and cumulative data for double and triple positive cytokines are given.

immunopathogenesis of TBU, involving both microbespecific and autoreactive T-cells. It demonstrates the role
of autoreactive T-cells to the breakdown of immune
homeostasis and prolongation of inflammation in a
human infection.

Future Plan
•

We will investigate the role of MAPK's and
cytokines in the conversion of a physiologically
relevant T cell to a patholically aberrant
phenotype.

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) .

12

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

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),
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
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A.

B.

Fig. 2. (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, stained for Tregs surface marker Cd25. (B). 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-, IL17

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 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 2 A & B),
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
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T2D patients compared to healthy controls. 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.

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.

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.
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Project A: Chikungunya virus nsP1 directly interacts with nsP2 and modulates its ATPase activity in vitro.
Introduction / Background
Chikungunya virus (CHIKV), an Alphavirus
belongs to Togaviridae family. The genome is around 11.8
kb long and encodes four nonstructural proteins (nsPs)
(nsP1, nsP2, nsP3 and nsP4) which help in the synthesis
of the viral RNA. The CHIKV nsP1 (535 aa) is having 5'
capping function. Whereas, the nsP2 protein is
multifunctional which contains the helicase, nucleoside
triphosphatase and RNA-triphosphatase activities in its
nsP2 N-terminus while the nsP2 C-terminus contains
protease activity. In alphaviruses, the four nsPs form the
replication complex (RC) in the cytoplasm of the infected
cells. This study characterizes the interaction between
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CHIKV nsP1 and nsP2.

Specific Aims

• Investigation of interactions among CHIKV nsPs.

• Mapping the interaction between nsP1 and nsP2.
• Study the functional significance of this
interaction in CHIKV replication.

Work achieved in the current year

In the present investigation, immunoprecipitation
(IP) was performed to understand the interaction of nsPs
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during CHIKV infection in Vero cells. In addition to the
prototype strain of CHIKV (S 27), a 2006 Indian outbreak
strain, DRDE-06 was also included in this study. The
CHIKV infection was carried out and the cells were
harvested at 10 hour post infection (hpi) for S 27 and 6
hpi for DRDE-06. The CHIKV nsP2 or nsP1 protein was
immunoprecipitated from infected Vero cell lysates using
the anti-nsP2 monoclonal antibody (mAb) or anti-nsP1
polyclonal antibody (pAb) respectively. The protein
complex was resolved in 10% SDS-PAGE and Western blot
analysis was conducted. IP assay showed the interaction
of CHIKV nsP1-nsP2 during infection through RC. It was
also observed that, both the proteins co-localizes in the
plasma membrane, cytoplasm and nucleus in early,
middle and late phase of infection in DRDE-06 infected
Vero cells by confocal microscopy. Further, different nsP1
and nsP2 truncated proteins were expressed in bacterial
system and were used in mutational analysis for
determining the region for this interaction. Finally, it was
observed that the amino acids 1-95 of nsP2 (part of the
helicase domain) and 170-288 of nsP1 (part of the
predicted membrane binding domain) are responsible
for their direct interaction. Additionally, docking analysis
showed that the Glu4, Arg7, 96, 225 of nsP2 and Lys256, 206 and
Val367 of nsP1 are the major determinants in this
interaction. Next, it was noticed that, the ATPase activity
of CHIKV nsP2 is enhanced (approximately 1.6 fold) in the
presence of nsP1 protein in vitro, indicating the
functional significance of this interaction in CHIKV life
cycle. Hence, this investigation provides molecular
characterization of CHIKV nsP1-nsP2 interaction which
might be a useful target for rational designing of antiviral
drugs.

Future Plan
•

Fig.1: (a) Vero cells grown in 100 mm dish, were either infected
with S 27 or DRDE-06 virus and IP was performed using CHIKV
anti-nsP2 (upper panel) or anti-nsP1 pAb (lower panel) and
Western blot was carried out using anti-nsP2 mAb, -nsP1 and nsP4 pAbs. (b) Vero cells were infected either with mock or
DRDE-06, fixed at 2, 4 and 6 hpi and probed together with antinsP1 pAb and anti-nsP2 mAb. Nuclei were counter stained with
DAPI. Fluorescent images were acquired using the Leica TCS SP5
confocal microscope. (c) Graphical representation of different
truncations of CHIKV-nsP1/nsP2 indicating specific amino acid
positions and the area responsible for the interaction. (d) The
ATPase activity was assessed for CHIKV S 27 nsP2-NT and nsP1WT using the radio labelled P32. The unlabelled ATP (cold ATP)
was used as competitor. Bar diagram showing the relative
32
intensities of free γ-P spots that were released by S 27 nsP1WT/nsP2-NT alone or together. The data represent mean ± SEM
of at least three independent experiments. The p-value ≤ 0.05
was considered as statistically significant difference between the
groups. (* P ≤0.05)
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•

The interaction between CHIKV nsP1 and nsP2
will be further verified using X-ray
crystallographic studies using the purified
proteins.

Further, particular residues Glu4, Arg7, 96, 225 of nsP2
and Lys256, 206 and Val367 of nsP1 will be mutated and
their role in this interaction will be verified.

Project B: Analysis of cellular immune responses
during Chikungunya virus (CHIKV) infection in
macrophages.
Introduction / Background
Chikungunya virus (CHIKV) infection has reemerged as a major public health concern due to its
worldwide epidemics and lack of control measures.
Although CHIKV is known to infect macrophages, the
regulation of CHIKV induced apoptosis in the
macrophages has not been well understood. Moreover,
the role of pan caspase inhibitor Z-VAD-FMK was
investigated towards CHIKV infection and apoptosis
induction in the host macrophages. Hence, the present
findings might bring new insight into the CHIKV diseasebiology.
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Fig. 1. Effect of Z-VAD-FMK on CHIKV infection and apoptosis in macrophages: (A) Bar diagram showing percent viable cells in the
presence of different concentrations of Z-VAD-FMK by MTT assay; (B) Cells were infected with DRDE-06 strain of CHIKV with MOI 5 and
expression of E2 was assessed by FC analysis at 8 hpi; (C) Graphical representation showing virus titer in inoculum, CHIKV + DMSO and
CHIKV + Z-VAD-FMK at 12 hpi in macrophages. (D) Bar diagram showing percent Annexin V positive cells in Mock + DMSO, CHIKV +
DMSO and CHIKV + Z-VAD-FMK at 12 hpi. Data represent mean ± SEM of three independent experiments. p < 0.05 was considered as
statistically significant difference between the groups. (ns, non-significant; * p < 0.05; ** p ≤ 0.01; *** p ≤0.001).

Specific Aims
•

To investigate the role of apoptosis during CHIKV
infection in the macrophages.

Work achieved in the current year

Apoptosis of virus infected cell is known to bear
one of the important consequences towards viral
replication, dissemination of the virus particle to the
neighboring host cells as well as antigen presentation.
CHIKV infection has been recently reported to induce
apoptosis in host epithelial cells. However, apoptosis in
host macrophages during CHIKV infection has not been
reported yet. Hence, investigation was carried out to
assess the importance of apoptosis in CHIKV infected
macrophages using a pan caspase inhibitor, Z-VAD-FMK.
First, the cytotoxicity of Z-VAD-FMK was assessed by MTT
assay with different concentrations. As shown in the
Figure 1A, around 100% and 90% cells were viable after
24 h with 40 µM and 80 µM concentrations of Z-VAD-FMK
respectively. Thus, 40 µM concentration of Z-VAD-FMK
was used for further studies. The CHIKV infection was
assessed in Raw cells in the presence of Z-VAD-FMK by
flow cytometry analysis. It was observed that, Z-VADFMK did not suppress the CHIKV E2 percent positive cells
significantly (Figure 1B). Surprisingly, Z-VAD-FMK did
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reduce the newly synthesized CHIKV progenies around
2.5 fold (Figure 1C). This suggests that Z-VAD-FMK might
not interfere in the CHIKV protein expression but it can
reduce CHIKV infection by reducing the release of new
virus particles in the host macrophages. Since CHIKV
induced phosphatidyl serine in the host macrophages,
the effect of Z-VAD-FMK on Annexin V binding was also
assessed. It was found that, Z-VAD-FMK reduced the
Annexin V binding by 35% (Figure 1D) with 40 µM
concentration. Taken together, the result suggests that
inhibition of apoptosis by pan caspase inhibitor Z-VADFMK significantly affects CHIKV infection in
macrophages, without altering virus protein expression.

Future Plan

• In future we would like to investigate the
regulatory cellular pathways in host macrophage
which may contribute to the inflammatory
responses (e.g., TNF) during CHIKV infection in
macrophages.
• The immune evasion mechanism(s) elicited by
Chikungunya virus to evade recognition and
clearance of virus from the host cell, which might
be responsible for the long term persistence of
CHIKV in the host synovial macrophages
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Project A: Functional analyses of DNA polymerase eta (Rad30/ Polη) from pathogenic yeast Candida
albicans.
Introduction / Background
Human microbiota species Candida albicans is a
diploid, naturally heterozygous and polymorphic fungus
causes life-threatening infections in certain individuals.
Genomic instability is believed to play a crucial role in the
pathogenicity of this fungus and DNA polymerases that
contribute significantly to the stability of any genome are
still unexplored. DNA polymerase eta promotes errorfree replication of DNA containing UV-induced
pyrimidine dimers and Cisplatin adducts. Thus
inactivation of Polη in both yeast and humans sensitizes
cells to UV radiation, and confers enhanced UV
mutagenesis; and in humans, causes XPV. Hyper
expression of Polη in tumors has also been associated
with Cisplatin drug resistance. Translesion DNA
synthesis by Polη may play a role in the development of
systemic candidiasis as stability of candida genome is
under constant threat due to damages by oxidative burst
generated by macrophages and therapeutic agents such
as radiation, Cisplatin, AZT etc administered to patients;
has been explored.
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Specific Aim
•

•

Functional analysis of CaRad30 in S. cerevisiae.

Functional analysis of CaRad30 in
C. albicans.

Work achieved in the current year

Catalytic activity of CaPolη is essential for its
complementation function in S. cerevisiae lacking
RAD30 gene: Earlier we had identified two C. albicans
putative orfs orf19.866 and orf19.8485 as CaPolη and our
computational study predicted both these orfs to be
structurally identical with minor differences in the PAD,
thumb and palm domains with remarkable homology
with yeast and human homologues. As both the orfs differ
only by three amino acids at positions 70th (D/N), 210th
(T/A) and 419th (S/N); to understand the functional
significance of this heterozygocity, we wanted to check
whether putative orfs can function like ScPolη in
suppressing UV sensitivity. Therefore the orfs of ScPolη,
CaPolη and CaPolη with DE168, 169AA mutation were
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Fig.1 CaPolη functionally complements ScPolη. A. UV Sensitivities of S. cerevisiae strains. Cells of genomic rad30, rad30rev3 and
rad30rad5 deletion yeast strains harboring YEP-ADH1p or YEP-ADH1p-ScPolη or YEP-ADH1p-CaPolη or YEP-ADH1p-CaPolη
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. B. UV mutagenesis.
Appropriate dilutions of rad30 deletion yeast strains harboring YEP-ADH1p or YEP-ADH1p-ScPolη or YEP-ADH1p-CaPolη were
spreaded onto the surface of plates containing SC medium for viability determinations (i) and onto SC lacking arginine but containing
canavanine for mutagenesis assays (ii). 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.

cloned under yeast AdhI promoter and transformed into
rad30Δ, rad30Δ rev3Δ and rad30Δ rad5Δ yeast strains to
check UV sensitivity. As shown in Fig. 1A deletion strains
with empty vector were highly sensitive to UV and no
growth was observed at 48J/m2. Strains expressing
ScRad30 or CaRad30 orfs were growing and able to
tolerate UV radiation (16-48 J/m2) in any of the knock out
strains tested suggesting that CaPolη can function in yeast
and protect the yeast cells from UV induced DNA
damages. Both the C. albicans orfs equally suppressed the
UV sensitivity of rad30Δ strains. As acidic residues D168
and E169 of Polη are critical to bind Mg++ for polymerase
activity; like empty vector, CaRad30 orf with
DE168,169AA mutations did not rescue UV sensitive
phenotype of the deletion strain suggesting that the
catalytic activity is essential for UV induced DNA lesion
bypass. We have reconfirmed the complementation
analysis by estimating the cell survivability in different
doses of UV; where about 80-90% of RAD30 expressing
cells endured, only ~45% rad30Δ cells survived after
treatment with 8j/m2 of UV (Fig. 1 B). Accordingly, when
the frequency of UV induced mutagenesis was estimated,
the rad30Δ strain was highly mutagenic as more number
of colonies were grown as canavanine resistant in a dose
dependent manner as opposed to the strains expressing
Candida or yeast Polη. Overall our study suggests that
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CaPolη is homologue of ScPolη that carries out error free
TLS of UV induced lesion.

C. albicans RAD30 gene is dispensable for cell
viability and growth: Although TLS DNA polymerases
express constitutively, they are not essential for cell
survival under normal physiological conditions. To
determine the functional role of Polη in the life cycle of C.
albicans, we generated two heterozygous mutants and a
null mutant by disrupting one or both the alleles of
RAD30 gene by using SAT1 flipper cassettes in strain
SC5314. Two heterozygotes, 19.866Δ that retains
19.8485 and 19.8485Δ that possesses 19.866 allele; and a
null mutant (SC5314 rad30Δ) were confirmed by PCR and
DNA sequencing analysis; and were subsequently
characterized. As we could readily achieve deletion of
both the copies of RAD30 gene (SC5314 rad30Δ) under
standard laboratory conditions without loss of viability, it
suggests that RAD30 gene is not essential for the growth
in C. albicans. Growth curves were also performed in rich
media and revealed no growth defects as all the mutant
strains grew as good as wildtype (Fig. 2).

Homozygous deletion of RAD30 in C. albicans renders
high sensitivity to DNA damaging agents: To
understand the role of CaPolη in genome stability of C.
albicans, various mutant strains were subjected to
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(iii)

Fig. 2. CaPolη is a nonessential DNA polymerase. Two different knock out constracts were generated for targeted deletion of both the
copies of RAD30 genes in C. albicans. Integration of SAT1 cassette to a specific copy and loss of full length gene was checked by PCR and
shown (i). In case of homozygous deletion two integration was verified. Growth rate of these heterozygous and homozygous strains were
were examined by inoculating the required volume of pre-culture to 100ml fresh YPD liquid medium to get 0.1 O.D600 at 0 h. About 1ml
culture was taken out in every 1 h for 30 hrs and the growth rate at 30 °C was monitored by measuring absorbance at 600 nm (ii).
Sensitivity to different DNA damaging agents. All the pre-cultures of various strains were diluted to achieve equal number of cells in
autoclaved water. Further these strains were 10 folds serially diluted and spotted on YPD plates containing with or without different
concentrations of drugs like methyl methane sulfonate (MMS), H2O2, tert-Butyl hydroperoxide (TBHP) and cisplatin. UV irradiation was
done as indicated. Following UV irradiation, plates were incubated in the dark. The plates were incubated at 30C for 3 days and then
photographed. Uridine (100 g/ml) was added when required (iii).

genotoxic stresses (Fig. 2). The growth of C. albicans
strain lacking both the alleles are severely compromised
at 0.006% MMS, 0.003% H2O2, and 0.003% TBHP in
comparison to wildtype or heterozygotes. MMS is a
radiomimetic compounds that alkylates adenine and
guanine to generate N3-methyl adenine and N7methylguanine adducts in genomic DNA whereas H2O2,
and TBHP are the oxidizing agents inducing oxidized
lesion in DNA; and these lesions are cytotoxic as they stall
movement of DNA replication fork unless they get
repaired. So the replication of genomic DNA carrying
methylated or oxidized nucleotides was effected in rad30
null mutant strain. To evaluate the role of CaPolη in
bypassing CPD or Cisplatin adducts, responses of various
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stains were studied by subjecting to different doses of
these genotoxic agents. Homozygous deletion of RAD30
in diploid Candida resulted in severe growth inhibition at
≥ 16 Jules/sec of UV and 2mM of Cisplatin. However,
heterozygotes did not show any sign of growth
retardation and could tolerate similar level of UV and
Cisplatin as the wildtype. Our study suggested that both
the alleles expressed functionally active Polη and single
copy of RAD30 whether 19.866 or 19.8485 was sufficient
to carry out TLS of various lesions in the cell.
Future Plan
•

To understand the role of RAD30 in fungal
morphogenesis, drug resistance and macrophage
interaction.
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Project A: Understanding the mechanism of Min oscillation in E. coli.
Introduction / Background
Bacterial infections are one of the leading causes
of human death. Therefore, the discovery of antibacterial
drugs with novel mechanisms of action is urgently
needed. Understanding bacterial cell division will be
helpful to develop novel and effective antibacterials.
During bacterial cell division, a dynamic ring known as Zring forms at the mid-cell that constricts the cell into two
identical daughter cells. Min system (MinCDE) oscillates
between poles and helps the Z ring placement at mid-cell.

known. We aim to understand the mechanism of MinCD
oscillation.
1.

Specific Aims
•

To understand the interaction between bacterial
cytoskeletal protein FtsZ with bacterial cell
division inhibitor.

• To study the factors that help MinE binding 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
poles and inhibits FtsZ assembly at the poles. However
the exact mechanism of MinCD oscillation is not yet
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2.

MinD overexpression induced longer
filaments: 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, MinD or MinC was overexpressed
in wild type E. coli strain. Overexpression of
MinD produced filamentous cells and compared
with MinC overexpressing strains. 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 1a). The
result suggests that the over expression of MinD
alone can affect cell division directly without
MinC.

MinD interacts with FtsZ with moderate
affinity: Pull-down assay and Fluorescence
polarization assay was performed to determine
the FtsZ-MinD interaction. Our result clearly
showed that MinD alone is sufficient to pull
down FtsZ. To quantify FtsZ-MinD interaction
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3.

we performed Fluorescence polarization assay.
A tryptophan molecule was introduced at
position 183 in MinD (MinDY183W) and
purified using cobalt resin. 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. The
change in fluorescence intensity was 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.

MinD interacts with the C-terminal domain
of FtsZ: The FtsZ contains an N-terminal
domain, a C-terminal domain and a C-terminal
tail. The C-terminal tail (360 – 383) is highly
unstructured and interacts with several cell
division proteins. We wanted to identify the
FtsZ domain that interacts with MinD. To
achieve this, several FtsZ truncations were
made and purified. A pull down assay was
performed and the results showed that MinD
interacts with the C-terminal domain of FtsZ
(Fig 1b).

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
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
polymerization and GTPase activity. Any small molecules
that can alter any of these two functions should be able to
inhibit cell division. 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

Fig. 1a E. coli morphology upon overexpression 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.

Fig. 1b Pull-down assay show the direct interaction of MinD with
FtsZ. FtsZ was incubated with His-MinD along with Cobalt resin
and eluted with Imidazole. Samples were analyzed on western
blot.
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Library screening: An FDA approved drug library
containing 800 molecules was screened to identify
compounds inhibiting cell proliferation by perturbing
cell division and interacting with FtsZ. Two compounds,
doxorubicin and aztreonam were identified. We focused
to study if doxorubicin prevents bacterial growth by
interacting with FtsZ and inhibiting its functions.

Doxorubicin destabilizes Z-ring E. coli: E. coli was grown
in the presence of different concentrations of doxorubicin
(20- 40 µM) and the morphology of Z-rings was observed
with fluorescence microscope. Results showed that the
proper Z-ring formation was decreased drastically with
the increasing concentrations of doxorubicin (Fig 2a).

Doxorubicin strongly binds to FtsZ: 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 suggested doxorubicin strongly
interacted with FtsZ.

Doxorubicin inhibited of FtsZ assembly and GTPase
activity: We monitored the FtsZ assembly in the absence
and presence of doxorubicin. With increasing
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Fig. 2a Effect of doxorubicin on Z-ring formation: E. coli
containing plasmid to over-express FtsZ-GFP was grown in the
absence or presence of doxorubicin. The Z-ring was visualized
under fluorescence microscope. The membrane was stained
with FM 4-64. The figure shows the microscopic images of E. coli
in the absence and presence doxorubicin.

concentrations of doxorubicin the light scattering
intensity was decreased suggested that doxorubicin
inhibited FtsZ assembly. Next, we wanted to know the
effect of doxorubicin on the morphology of FtsZ polymers
using TEM. The TEM imaging showed a typical FtsZ
protofilaments in the control sample, however in the
presence of doxorubicin only shorter FtsZ filaments were
found suggested doxorubicin inhibits FtsZ assembly.
Next, we wanted to know the effect of doxorubicin on the
FtsZ GTP hydrolysis rate. Our result showed a decrease in
the rate of GTP hydrolysis with the increasing
concentrations of doxorubicin.

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 FtsZ from different bacteria (Fig 2b).

Future Plan
Fig. 2b Doxorubicin binding site in FtsZ. Species wide
distribution of GTP (pink patch) and proposed doxorubicin
binding site (green patch) on FtsZ protein. (A) Mycobacterium
tuberculosis (PDB ID: 1RQ7) (B) Methanococcus jannaschii
(PDB ID: 1FSZ) (C) Bacillus subtilis (PDB ID: 2VAM) (D)
Staphylococcus aureus (PDB ID: 3VO8) (E) Escherichia coli
(Homology based model) (F). Superimposed cartoon
representation of FtsZ protein from five different species. The
conserved residues (at site 3) are shown in white color.
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• 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. We
further aim 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 and will verify them.
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Inflammation and Cancer
Vascular Immunology : Inflammation and Cancer
Principal Investigator:

PhD Students:

Laboratory Technician:
Collaborators:

Dr. Vivek Rai
Miss. Rashmi Ray

SRF

Mr. Nitish Jangde

JRF

Miss. Sunita Sinha
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Mr. Khokan Rana
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Dr. Amit Awasthi, THSRI, Faridabad.

Dr. Sharvan Shehrawat, IISER, Mohali.

Dr. Narottam Acharya, ILS, Bhubaneswar

Project A: Interplay of Lysophosphatidic Acid in innate immune system.
Introduction / Background
Monocytes and macrophages represent critical
arms of the innate immune system and are considered
regulators and effectors of inflammation and innate
immune response. Monocytes can mobilize from bone
marrow, traffic to their required destination and
differentiate into effector cells depending on the local
tissue environment to perform multiple roles during
infection or inflammation, making them an important
component of body's immune defense. Adult bonemarrow monocytes can give rise to tissue resident
macrophages during infection or inflammatory reactions.
Lysophosphatidic acid (LPA), a lipid-by-product of
autotaxin activity is involved in cancer, vascular defects
and neural tissue but largely unexplored in immune
system.

Specific Aims
•

Effect of Lysophosphatidic acid on murine
monocytes.
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•

•

Signaling cascade in LPA derived macrophages in
mice and humans.

Transcriptional regulation of LPA derived
macrophages.

Work achieved in the current year

To explore the role of LPA on monocytes we added
LPA on CD11b positive monocytes isolated from bone
marrow of 6-8 weeks old C57BL/6 mice and observed
after 5 days, to our surprise we found that those
monocytes were surviving and phenotypically been
converted into a different cell type. Geimsa staining
revealed their morphology to be similar to macrophages
(Fig. 1A). F4/80 is one of the most specific cell-surface
markers for murine macrophages. Our immunoblot,
immunofluorescence and FACS analysis showed F4/80
expression in these macrophages (Fig. 1B) confirming
these cells were macrophages. Further qPCR analysis
showed increased expression of F4/80 and CD11b
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inhibitor followed by LPA, M-CSF or LPS addition showed
no significant effect on M-CSF mediated macrophage
formation while it inhibited macrophage formation in
LPA treated monocytes at similar dose.

Fig. 1. LPA converts murine monocytes into macrophages via
Akt-mTor pathway. (A) Geimsa stained images of mouse
monocytes cultured in vitro in presence of LPA or M-CSF for 7
days. (B) FACS plots showing proportion of CD11b and F4/80
positive macrophages in monocytes treated with LPA or M-CSF
for 5 days.

surface markers in a dose dependent manner in LPA
treated monocytes, M-CSF, a well-known macrophage
inducing growth factor was used as positive control.

Immunoblot analysis for phosphorylated
proteins showed increased phosphorylation of Akt in
monocytes after LPA addition with further downstream
mTor phosphorylations. To confirm the involvement of
Akt/mTor pathway in LPA mediated macrophage
formation, we pretreated mouse monocytes with specific
Akt inhibitor and next added LPA on these monocytes to
convert them into macrophages. Morphological
observation indicated reduced formation of
macrophages on Akt inhibitor pretreatment. FACS
analysis showed drastic reduction in percentage of F4/80
expressing cells in LPA treated monocytes while it did not
affect macrophage formation from M-CSF or LPS at the
similar dose. Mouse monocytes pretreated with mTor
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RNA sequencing of isolated monocytes and LPA
converted macrophages was performed and we found
that F4/80 (EMR1), was highly expressed in LPA
converted macrophages along with PPARg transcription
factor further revealed with network analysis suggesting
PPARg as a ''master'' TF for LPA mediated macrophages.
Further qPCR confirmed PPARg upregulation and its
inhibitor treatment led to almost negligible amount of
macrophage formation after LPA treatments.

To determine whether murine development of
macrophages from monocytes were coherent with LPA
effect on human monocytes, monocyte isolated from
human PBMCs were treated with different doses of LPA.
These LPA generated macrophages showed higher
expression of CD68 by flow cytometry and CD14 and
CD68 by qPCR comparable to human M-CSF generated
macrophages. We found that Akt inhibitor treated CD14
monocytes severely reduced the percentage of
macrophages on further LPA treatments. qPCR analysis
also confirmed enhanced expression of PPARg mRNA in
human monocytes establishing PPARg as the key master
regulator in LPA mediated macrophage development.

Future Plan
•

Our findings provide a foundation for LPA in
innate immune system. Interestingly, in many
types of cancer and tumors LPA is highly
upregulated, this work facilitates future possible
role of LPA in tumor associated macrophages. In
future for a better understanding of the
underlying mechanisms, we will study this
reprogramming in mice tumor model.
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PhD Students:

Dr. Sunil K. Raghav
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Prof. Hans Acha-Orbea, UNIL, Switzerland

Dr. Sebastian Waszak, EMBL, Heidelberg

Dr. Bhawna Gupta, KIIT University, Bhubaneswar
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Project A: Integrative genomics approach identifies NCoR1 as a master repressor of the tolerogenic
program in dendritic cells
Introduction / Background
Dendritic cells (DCs) are major APCs that link
innate with adaptive immunity. DCs generate pathogen
speciﬁc immune responses to educate naive T-cells to
differentiate into various effector subsets (Th1, Th2,
Tregs). Co-regulators (co-activators or co-repressors) are
adapter-like proteins that can engage a number of
transcription factors (TFs) to control their target genes.
Co-activators like p300 are studied up to some extent but
the role of co-repressors such as NCoR1 is still
unexplored in DCs.
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Specific Aims
•
•

Characterize the role of NCoR1 in DCs function
and its impact on T helper cell differentiation
using immune-genomics approach.

Identify the effects of NCoR1 immune perturbed
DCs on helminth-infected mice.

Work achieved in the current year

In the last annual reports we have showed that
NCoR1 KD in CD8α+ DCs develop tolerogenic behaviour
upon activation and their co-culture with naïve T-helper
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Fig. 1: (A) De novo motif analysis showing the TF motifs enriched in the NCoR1 bound peaks in unstimulated and CpG activated CD8 DCs,
(B) Bar-graph showing the percentage of PU.1 and RelA ChIP-seq peaks overlapping with the NCoR1 peaks in unstimulated and CpG
activated CD8+ DCs, (C) SeqMINER clustering showing the cluster depicting increased binding of NCoR1 after CpG activation and also
showing the enrichment of PU.1 and other TFs at the same genomic regions. The genes that are enriched in this cluster and also regulated
in NCoR1 KD RNA-seq are marked in the figure, and (D) Graph showing the NCoR1 bound super-repressed regions and annotated
tolerogenic genes in CpG activated condition.
+

cells enhances Tregs differentiation. We also performed
integrative genomic analysis using ChIP-seq and RNA-seq
methods to identify NCoR1 direct and indirect target
genes. Further we also explored the effect of NCoR1
ablation ex vivo in primary DCs. Here in this current
report we show the NCoR1 mediated mechanisms
leading to the development of tolerogenic behaviour in
DCs that leads to enhanced Treg generation in vitro.
Further for validating the physiological importance of
these NCoR1 depleted tolerogenic DCs we developed
disease models in mice to assess the impact of these DCs
on T helper cell differentiation and disease
symptoms/phenotypes. The details of the results
generated within this financial year are presented below.

We also overlapped NCoR1 binding with PU.1 and RelA
along with other TF ChIP-seq regions from primary
BMDCs. Interestingly, a unique genomic cluster was
identified that showed a profoundly enhanced binding of
NCoR1, PU.1 and RelA in activated CD8+ DCs (Figure 2A).
Annotation of these clustered genomic regions to genes
showed that tolerogenicity inducing genes Il-10, Pdl1,
Ido2, Vdr and Cd83 are within this genomic cluster
(Figure 2A). Moreover, we identified that these
tolerogenic genes are super-repressed by NCoR1
specifically after CpG activation (Figure 2B). In addition,
RelA ChIP-seq showed that RelA was subsequently
enriched only after CpG activation at the same genomic
regions that are bound by NCoR1 (Figure 2B).

PU.1 is the most putative NCoR1-recruiting
transcription factor in DCs

Irrespective of stimulus NCoR1 KD CD8α DCs
develop tolerogenicity after activation

To identify the TFs recruiting NCoR1 in DCs we
performed de novo motif prediction in NCoR1 ChIP-seq
peaks. We found highest enrichment (55-60%) of PU.1
motif in both unstimulated and CpG stimulated
conditions (Figure 1A). In addition, RUNX1, BATF and
IRF:BATF TF motifs were also enriched in unstimulated
DCs whereas in CpG challenged conditions RUNX1, AP1,
RELA, PU.1:IRF motifs were enriched. To confirm the
predictions, we performed ChIP-seq for PU.1 and RelA
and found that indeed PU.1 overlaps strongly with NCoR1
in both conditions ( 52-58%) and RelA is enriched at
NCoR1 bound regions only after CpG activation (35%)
(Figure 1B).

Our results showed that NCoR1 directly represses
tolerogenic program in DCs which suggests that NCoR1
KD DCs should then develop tolerogenic behavior
regardless of the activation stimulus. Therefore, we
challenged the NCoR1 KD and control DCs with three
different gram positive (M. smegmatis, B. subtilis and S.
aureus), and gram negative (V. cholerae, S. dysentriae and
S. typimurium) bacterium. We found that tolerogenic
genes -10, IL-27, IDO1, CTLA4 and PDL1 were
significantly enhanced after bacterial challenge (Figure
3A & 3B).

NCoR1 directly represses tolerogenic response genes
in DCs by masking the effects of RelA after CpG
challenge
We did clustering of the genomic regions
differentially bound by NCoR1 before and after CpG
stimulation to identify condition specific NCoR1 binding.
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NCoR1 loss of function in DCs resulted in enhanced
Treg development in mice

We further investigated if NCoR1 KD activated
DCs can be adoptively transferred at precise time points
to skew T cell polarization into Tregs and the involved
disease phenotypes. We employed a well-established
helminth infection (Heligmosomoides polygyrus) model
in C57BL/6J mice. Adoptive transfer of CpG pulsed
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Fig. 2: (A) qPCR showing the relative gene expression (NCoR1 KD versus control DCs) of tolerogenic genes after activation
with gram positive and gram negative bacteria, (B) FACS histogram profiles showing the enhanced Median Florescence
Intensity (MFI) for tolerogenic genes in NCoR1 KD DCs as compared to control cells, (C) Graph showing the helminth egg
counts in the feces of NCoR1 KD DC treated as compared to control DC treated C57BL/6 mice with a bar-graph showing
the intestinal worm count from helminth infected NCoR1 KD DC treated as compared to control DC treated C57BL/6 mice,
and (D) FACS contour plot showing the enhanced Tregs in the mesenteric lymph nodes of NCoR1 KD DC treated as
compared to control DC treated C57BL/6 mice. N=10
NCoR1 KD CD8α+ DCs resulted in significantly increased
egg counts at day 13 and day 14 of infection (Figure 4A).
In addition, the intestinal worm load was also observed to
be significantly higher in activated NCoR1 KD DCs treated
mice after 5 days of AT i.e., day 15 (Figure 4B). Besides,
NCoR1 KD DC AT mice showed a profound increase in
CD4+CD44+FoxP3+ T cells in MLNs as compared to control
mice (Figure 4C). This strongly indicates that NCoR1
repressed DCs have the potential to change T cell
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polarization toward Tregs leading to perturbation of the
disease phenotypes.

Future Plan
•

Validate the findings in human model system
using human cell lines such as THP1 monocyte
derived DCs or DCs derived from primary
monocyte cells.
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Molecular Virology and Viral Pathogenesis
Molecular Virology and Pathogenesis of Chandipura Virus (CHPV)
Principal Investigator:

Dr. Sabarish Vellatheri Indran
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Collaborators:

Dr. Gulam Hussain Syed, Scientist-D, ILS
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Ms. Suchismita Pradhan

JRF

Dr. Sunil Raghav, Scientist D, ILS

Project A: Molecular biology of Chandipura Virus
Introduction / Background
Chandipura virus (CHPV) is an emerging
arbovirus of considerably under-estimated importance.
It has caused multiple encephalitis outbreaks in India,
with 55 to 77 % fatality especially in children less than 15
years of age. CHPV is an enveloped non-segmented
negative-sense RNA virus of family Rhabdoviridae. We
will identify the mechanisms by which CHPV causes
pathological changes in infected cells and thereby try to
gain understanding of potential pathways that can be
targeted for drug discovery.

Specific Aims
•

•

•

Study of viral life cycle in multiple infected cell
lines.

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

To investigate the functional relevance of such
PPIs in viral lifecycle.

Work achieved in the current year

We intend to understand CHPV's pathogenesis
mechanism(s). We established virus growth protocols
and developed anti-CHPV polyclonal antibodies which
were successfully characterized by western blotting. The
affinity purified antibodies proved to be highly sensitive
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and were able to give clear results in western blots even in
dilutions of 1:15000. Kinetics of CHPV growth was tested
in Vero E6, HEK 293T and HeLa cell lines. Cell lines were
infected by CHPV at various multiplicity of infections
(0.01, 0.1 and 3). Culture supernatents were collected at
multiple time points (0, 2, 4, 6, 12, 18, 24, 36 and 48 hours
post infection; hpi), and infectious virus quantification
was performed using plaque assay standardized in-house
and performed in triplicates. It was observed that CHPV
grows very rapidly and produces complete CPE in 24-48
hours in Vero E6, generating as much as 1 x 108 PFU/ml
within 24 hours and thereafter plateauing out, whereas
in HEK 293T cell lines, the peak viral titres approached 1 x
108 PFU/ml within 24 hours and thereafter plateauing
out. Interestingly, HeLa cells were found to be relatively
refractory for infection. The peak titres were obtained at
6 hpi and was around 1 x 104 PFU/ml, thereafter
plateauing out, suggesting a post-entry restriction event
occurring in HeLa cells (Fig. 1.).

We are using yeast two hybrid assay to identifiy
host proteins that interact with CHPV M protein, in an
infected cell milieau. We have determined the optimum
conditions required for maximum sensitivity and
specificity. We generated multiple panels of cDNA
libraries from HEK 293T cells infected with CHPV
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Fig. 1. CHPV Growth Kinetics

Fig. 2. Yeast Two Hybrid Screening

(Cloneminer II cDNA library construction kit) reaching a
million clones per batch, and cloned these into the yeast
prey plasmid vector pDEST22. These were subsequently
screened for potential interactors using the CHPV M gene
cloned into pDEST 32 (prey constructs). The colonies that
grew up in minimal media plates were screened for β–gal
induction to identify potential interactors. Several such
potentially interacting clones were identified (Fig. 2.).

We are currently in the process of growing them up,
amplifying the interactor using a specific PCR and
identifying them by sequencing.
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Future Plan
• A q-PCR assay to determing viral RNA replication
will be standardized, kinetics of expression of
multiple viral proteins by western blotting in
infected cells will be performed and evaluation of
localization of viral proteins in infected cells by
immunofluorecent imaging will be carried out.
Identification of host interactors will be used to
gain insight into viral hijacking of cellular
pathways such as secretory pathway, innate
immune signaling, host transcription, apoptosis,
autophagy and cell cycle regulation.
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Plasmodium Biology and Developmental Aspects
of Transmission stages
Principal Investigator:
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Project A: Understanding the significance of amino acid requirements in the malaria parasite and
exploring their potential to prevent malaria transmission.
Introduction / Background
Malaria parasite lacks canonical pathways for
amino acid biosynthesis and has retained a very few
enzymes for amino acid inter-conversions. While the
asexual stages can aquire amino acids through
hemoglobin degradation, the sexual and liver stage
parasites which do not access host hemoglobin depend
primarily on extracellular sources. Our earlier work had
revealed the crucial role played by asparagine in the
transmission stages and the potential of targeting
asparagine to block transmission.

Specific Aims
•

•

Biochemical characterization of Plasmodium
glutamine synthetase (GS).

Understanding the significance of GS in the entire
life cycle of malaria parasite by genetic and
molecular biological approaches.

INSTITUTE OF LIFE SCIENCES

•

Exploring the potential of targeting GS for malaria
transmission.

Work achieved in the current year

Glutamine might play an important role in the life
cycle of Plasmodium, since the parasite shows analogy
towards cancer cells in terms of their rapid proliferation,
Warburg effect and anaplerotic glutaminolysis.
Intriguingly, the malaria parasite has retained a putative
gene encoding GS. To understand the physiological
relevance of GS in the life cycle of malaria parasite,
targeted gene deletion was carried out in Plasmodium
berghei, an in vivo rodent parasite model for malaria
(Figure 1A). In brief, 5' and 3' UTR regions were cloned on
either side flanking human DHFR selection cassette and P.
berghei schizonts were transfected using Amaxa
Nucleofector 4D. The transfected parasites were
subjected to pyrimethamine selection and the drug-
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Fig. 1: Generation of PbGSKO. A) Double cross-over
recombination strategy followed to generate PbGSKO. B)
Genomic DNA PCR analysis of wild-type and GSKO parasites.
Lane 1 and 3: Amplification of GS (2.0 kb) from wild-type and
GSKO parasites, respectively. Lane 2 and 4: GAPDH control (1.3
kb). C) RT-PCR analysis of wild-type and GSKO parasites. Lane 1
and 3: Amplification of GS (1.6 kb) from wild-type and GSKO
parasites, respectively. Lane 2 and 4: GAPDH control (1.0 kb).
Lane M: 1 kb ladder. D) Southern analysis of wild-type and GSKO
parasites. Lane 1 and 2: 5 mg of genomic DNA isolated from wildtype and GSKO parasites, respectively. The fragments hybridized
with 3'UTR-specific probe for wild-type and GSKO parasites
were 1.2 kb and 2.4 kb, respectively.

selected parasites were cloned by limiting dilution.
Targete gene deletion in the knockout (KO) parasite
clones was confirmed by genomic DNA- and RT-PCR
analyses (Figure 1B and C). This was also further
confirmed by Southern analysis of genomic DNA isolated
from wild-type and GSKO parasites (Figure 1D). At
present, Northern and Western analyses are being
carried out to confirm the absence of GS at the RNA and
protein level in the KO parasites. In addition, enzyme
assays will also be carried out with wild-type and GSKO
parasite lysates to confirm the absence of GS acitivity in
GSKO parasites. In parallel, phenotypic analyses of GSKO
are being carried out to understand the significance of GS
in the asexual, sexual and liver stages of P. berghei.

For biochemical characterization of Plasmodium
GS, RT-PCR was carried out with the total parasite RNA
and the cDNA obtained was cloned into pRSETA. The
recombinant plasmid was transformed into E. coli
Rosetta2DE3PLysS strain and the overexpressed GS with
N-terminal histine tag was purified using Ni2+-NTA resin
(Figure 1.1A). The purified GS was used to raise
polyclonal antibodies in mice. The recombinant GS was
found to react with monoclonal anti-histag antibodies
and polyclonal anti-GS antibodies (Figure 1.1B and 1.1C).
The recombinant protein was found to be enzymatically
active catalyzing the conversion of glutamate into
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Fig.1.1: Biochemical characterization of Plasmodium GS. A)
Coomassie staining of recombinant GS (66 kDa) purified through
Ni2+-Resin. B) Western analysis of recombinant GS with antihistag antibodies. C) Western analysis of recombinant GS with
anti-GS antibodies. D) Enzyme activity of recombinant GS with
increasing concentrations of protein.

glutamine (Figure 1.1D). At present, the kinetic
properties of the recombinant parasite enzyme are being
characterized and the potential of GS inhibitors
(methionine sulfoximine and phosphinothricin) to
inhibit the activity of parasite enzyme is being studied.

Future Plan

The physiological relevance of GS in the entire life
cycle of malaria parasite and the ability of GS inhibitors to
inhibit the development of parasite transmission stages
will be examined. The contribution of glutamine to the
various metabolic pathways in the parasite such as TCA
cycle, nucleotide metabolism, amino acid and protein
biosynthesis etc, and its impact on disease virulence,
infection dynamics and transmission potential will be
assessed.

Project B: Significance of prolyl-hydroxylation in
malaria parasite
Introduction / background

Prolyl-hydroxylation, giving rise to
hydroxyproline, is a post-translational event mediated by
prolyl-hydroxylases (PHs) that occurs in higher
eukaryotes. Interestingly, the genome of malaria parasite
encodes a putative PH. Therefore, examining prolyl-
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Fig. 2: Generation of PbPHKO. A) Double cross-over recombination strategy followed to generate PbPHKO. B) Genomic DNA PCR analysis
of wild-type and PHKO parasites. Lane 1 and 3: Amplification of PH (1.37 kb) from wild-type and PHKO parasites, respectively. Lane 2 and
4: GAPDH control (1.3 kb). C) RT-PCR analysis of wild-type and PHKO parasites. Lane 1 and 3: Amplification of PH (1.37 kb) from wildtype and PHKO parasites, respectively. Lane 2 and 4: GAPDH control (1.0 kb). D) Southern analysis of wild-type and PHKO parasites. Lane
1 and 2: 5 mg of genomic DNA isolated from wild-type and PHKO parasites, respectively. The fragments hybridized with 5'UTR-specific
probe for wild-type and PHKO parasites were 2.3 kb and 1.1 kb, respectively. E) Cloning of PH cDNA into pRSETA. Lane 1: cDNA product.
Lane 2: Restriction digestion release of PH cDNA from pRSETA. Lane 3: Undigested plasmid. Lane M: 1 kb ladder.

hydroxylation and understanding its significance in the
parasite life cycle would reveal the unexplored facets of
malaria parasite biology.

Specific Aims
•

•

•

Characterizing the functionality of PH in the entire
life cycle of malaria parasite.

Identifying the target parasite proteins that
undergo hydroxylation of proline residues.

Targeting hydroxyproline formation to develop
new therapeutic strategies for malaria.

Work achieved in the current year

To understand the signifcance of PH in the life cycle
of malaria parasite, targeted gene deletion was carried out
in P. berghei as mentioned for GS. Figure 2 depicts the
successful generation of PHKO in P. berghei. Currenlty,
phenotypic analyses of PHKO parasite have been carried
out for asexual, sexual and liver stages of P. berghei. In
parallel, cDNA of Plasmodium PH is cloned into pRSETA
and the recombinant PH expression has been
standardized. Enzyme assays will be carried out with
recombinant PH in which synthetic peptides containing
poly-proline residues (Pro-pro-Gly)10 will be used as
substrate. The ability of Plasmodium PH to hydroxylate
proline residues will be monitored by HPLC analysis and
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colorimetric estimation of hydroxyproline using
hydroxyproline assay kit. Recently, an intriguing oxygensensing mechanism has been shown to operate in
Toxoplasma, another apicomplexan parasite, wherein
oxygen and/or oxygen-related metabolites can induce
the hydroxylation of S-phase kinase-associated protein 1
(Skp1; subunit of the SCF class of E3 Ub ligases) by a PHdomain containing protein which in turn leads to its
subsequent glycosylation. The glycosylated Skp1 then
interacts with F-box proteins and/or substrates affecting
their polyubiquitinylation and proteasomal degradation.
Hence, it would be of interest to examine the existence of
similar mechanism in Plasmodium using Plasmodium
Skp1 as a substrate.

Future Plan

•

Ta r g e t p r o t e i n s t h a t u n d e r g o p r o ly l hydroxylation and their physiological relevance
in the life cycle of malaria parasite will be
addressed. PH inhibitors have been pursued as a
new class of drugs that are currently investigated
to treat anaemia, ischemic, gastrointestinal and
arterial diseases. The potential of prolylhydroxylation as a drug target for malaria will be
examined with various PH inhibitors that are
commercially available.
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Project A: Role of Mitochondrial dynamics in Dengue virus (DENV) life cycle and disease pathogenesis.
Introduction / Background
Many viruses exploit mitochondrial functions to
promote viral propagation. Mitochondria constantly
undergo fusion and fission, which in conjunction with
mitochondria-selective autophagy (mitophagy) is
required to maintain mitochondrial quality.
Mitochondrial dynamics is an integral biological process
influencing many mitochondrial and cellular functions
(Fig. 1) and its disruption is implicated in pathogenesis of
many human diseases. Recent findings implicate
mitochondrial dynamics in the modulation of innate
immune and pro-inflammatory signaling and thereby
may influence the outcome of viral infection and
associated pathogenesis. In this project we attempt to
elucidate the significance of mitochondrial dynamics in
Dengue virus life cycle and pathogenesis.
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Specific Aims
•
•

Characterize mitochondrial dynamics in DENV
infection. Investigate the molecular mechanism
involved in DENV-mediated alteration of
mitochondrial dynamics.

Elucidate the role of mitochondrial dynamics and
mitophagy in DENV-mediated evasion/inhibition
of innate immune signaling and onset of
inflammatory signaling.

Work achieved in the current year

Our lab was established during the last year and
we have only commenced working since last 6 months.
From the work undertaken during this short tenure, we
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Fig.1. Model depicting the effect of the virus on host cell
mitochondrial dynamics leading to alterations in several
mitochondrial and cellular functions. Mitochondrial fission is
facilitated by fission protein Drp1 and its mitochondrial
recruiting factors MFF, Fis1, Mid49 & Mid52. Mitochondrial
fusion is orchestrated by outer membrane fusion protein Mfn1
&2 and inner membrane fusion protein Opa1.

have successfully established the in vitro cell culture
systems for propagation, titration, and infection of the 8
different Dengue virus strains belonging to the four
serotype prevalent in the Western/Pacific and
India/Asian regions (Fig.2). We have also developed
invitro tools such as the Huh7 and Vero cell lines
harboring mCherry tagged mitochondria to facilitate
monitoring of mitochondria dynamics in real-time and
post fixation during Dengue infection. Preliminary
investigations are underway to determine the effect of
Dengue infection on the host cell mitochondrial dynamics
in various cell type such as liver cells, monocytes
differentiated into macrophages and platelets.
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Fig. 2. (A) Western blot analysis of DENV-infected C6/36 cells
with the serotype-specific antibody against DENV envelope (E)
protein. (B) Immunofluorescence of DENV-infected Vero cells. 72
hr post-infection the cells were fixed and probed with serotypespecific anti-DENV Mabs.

Future Plan
•

Our overall goal is to understand the cell-type and
Dengue-serotype specific effects on
mitochondrial dynamics, cellular homeostasis,
innate immune and inflammatory signaling.
Several cell types are susceptible to Dengue. Using
the in-vitro culture model of Dengue infection we
will determine the effect of DENV on host cell
mitochondrial dynamics, mitophagy, and
determine the molecular signaling involved.
Subsequently we characterize the significance of
mitochondrial dynamics in DENV life cycle and
evasion of cellular innate immune signaling. We
will explore if Dengue-mediated alterations to
mitochondrial dynamics and quality control
contribute to inflammation during primary
Dengue infection and antibody-dependent
enhanced secondary infection.
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Project A: Understanding the role of TRIM16 protein in regulation of autophagy under oxidative and
proteotoxic stresses.
Introduction/Background
Cell redox homeostasis and proteostasis are
essential for cellular survival and growth. Disruption of
the redox homeostasis can lead to a build-up of free
radicals which can cause oxidative damage to proteins,
lipid, and DNA and can lead to many chronic
diseases/disorders such as cancer, diabetes, chronic
inflammation, myocardial infarction, cardiovascular
diseases, and, aging and neurodegenerative diseases. So
deciphering the mechanisms by which the cells
accomplishes redox and protein homeostasis will be of
paramount importance in human diseases where these
processes are perturbed due to genetic or environmental
reasons. Autophagy play vital role in detoxification of
effects of oxidative/proteotoxic stresses.

• Determine the physiological relevance of TRIM16
mediated control of oxidative stress induced
autophagy

Specific Aims

• Define the mechanism by which TRIM16
re g u l a te s a u to p h a g y u n d e r ox i d a t ive /
proteotoxic stress
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Fig. 1: CRISPR-CAS9 mediated TRIM16 deletion in HeLa Cells.
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Work achieved in the current year
• We deleted TRIM16 in HeLa cells by CRISPR-CAS9
method (Fig. 1).

• TRIM16 knockout cells are defective in basal

autophagy as evident from the LC3B western
blotting experiment in different stress conditions
(Data not shown).

• TRIM16 depletion lead to increased cell death
under oxidative/proteotoxic stress conditions
(data not shown, Figure 2)

Future Plan
•

We will decipher the mechanism by which
TRIM16 regulates autophagy under oxidative and
proteotoxic stress conditions. We will determine
whether TRIM16 is protective against stressinduced cytotoxicity invitro and invivo.
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Fig.2: TRIM16 depletion induces apoptosis under proteotoxic
stress conditions.
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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
information as a background we hypothesize that the
acetylation may modulate the transcriptional activity of
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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.

Work achieved in the current year
Estrogen related receptors are a group of
transcription factors which shows sequence similarity to
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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 (Figure 1B)
and the promoter activity of SIRT1 has been up regulated
(Figure 1C). 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

C.

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

46

INSTITUTE OF LIFE SCIENCES

ANNUAL REPORT - 2016-17
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.

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; recent evidence
also suggests its close association with increased breast
cancer risk. Enhancer of zeste homolog 2(EZH2), the
catalytic component of polycomb repressive complex
2(PRC2) has been evidenced as an active transcriptional
repressor. Various categories of genes have been found to
be deregulated in an effect of amplified EZH2 expression
in the various cancers and stem cell biology, thereby
placing its strong position as a therapeutic target.

Specific Aims
•

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

Work achieved in the current year
1.

2.

Explore the effect of DZNepA on nicotineinduced increased migration/invasion and
reduced apoptosis in aggressive breast cancer
cells
Explore the possible molecular basis of increase
in EZH2 expression upon nicotine treatment

Nicotine has been previously shown to promote
the migratory properties in various cancer cells. So we
wanted to see the potentiality of DZNepA in checking the
nicotine-induced increased migration and invasiveness
of breast cancer cells. DZNepA treated MDA-MB-231
breast cancer cells migrated at a very lower rate when
compared with the nicotine-treated cells (data not
shown). A significant reduction was found in the
scratched area of the wound in the nicotine treated cells,
while the wound area in the cells co-treated with nicotine
and DZNepA was found to be comparable to the cells
treated with DZNepA alone (data not shown).
DZNepA reverses the effects of nicotine by altering
the expression of genes and their respective proteins
involved in increased breast cancer risk. We wanted to
investigate whether DZNep is able to reverse the
modulations in the expression of the genes induced by
nicotine. Various proteins have been reported to be
involved in EMT, one of them being e-cadherin. E-
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cadherin helps the cells to adhere to the tissues by
forming junctions. E-cadherin expression has been shown
to be down-regulated upon nicotine treatment. Upon
DZNepA treatment, the nicotine-mediated decreased
expression of E-cadherin was found to be significantly upregulated (data not shown). This enhanced expression of
E-cadherin suggested the role of DZNepA in restricting
transition of cells from epithelial cell type to
mesenchymal. Likewise, increased expression of other
epithelial cell markers like cytokeratin14 was found to be
up-regulated in the cells co-treated with nicotine and
DZNepA as compared to the nicotine-treated cells (data
not shown). Increased abundance of mesenchymal
proteins is a consequence of nicotine treatment. The
increased expression of mesenchymal proteins like Ncadherin, Zeb1/TCF8, slug, snail, fibronectin and
vimentin upon nicotine treatment was shown to be
notably reduced by treatment with DZNepA (data not
shown). These findings led us to confirm the role of
DZNepA in inhibiting the migratory effect of nicotine. As
evident from the (data not shown), DZNepA notably
reduced the crystal violet stained cells depicting the
migrated cells. Increased migratory capacity of the breast
cancer cells induced upon nicotine treatment can be
reversed by using DZNepA. Nicotine treated cells
migrating towards the growth enriched media were
restricted significantly when co-treated with DZNepA as
compared with the only nicotine treated cells (data not
shown). Results from matrigel assay showed a reduced
invasiveness upon DZNepA treatment in the nicotine
treated cells (data not shown). A number of cells that were
capable of invading the matrigel were significantly
lowered (data not shown). These results suggested that
DZNepA can reduce the increased migration as well as the
invasiveness in nicotine affected breast cancer cells.
Nicotine-mediated apoptosis-resistant cells were
switched towards apoptosis upon DZNepA treatment.
One of the ways by which nicotine increases the risk of
tumorigenesis is by making the cells resistant to
apoptosis. 10 µM of nicotine was found to drive the cells
towards apoptosis resistance (data not shown). More
than half of cells were found to be moved from early
apoptotic phase to viable phase upon nicotine treatment
in MDA-MB231 and MDA-MB435s breast cancer cells. 1
µM DZNepA significantly induced apoptosis. When
compared to the control cells, DZNepA treated cells were
shown to be in both late as well as early apoptotic phase.
To know whether DZNepA can move the nicotinemediated apoptotic resistant toward apoptotic pathways,
co-treatment of nicotine and DZNepA was done in MDAMB231 triple negative breast cancer cells. 1 µM DZNepA
effectively induced apoptosis in nicotine-induced
apoptotic resistant breast cancer cells. As clearly visible in
the (data not shown), about seven percent of the nicotineinduced apoptotic resistant cells were found to be moved
to early apoptotic phase upon DZNepA treatment. These
results showed the effectiveness of DZNepA in inhibiting
nicotine in providing a survival advantage to the cells.
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and inhibiting DNA synthesis following DNA damage,
cells may either repair the damage and start progressing
through the cell cycle or if they cannot repair the damage,
cells proceed to die (A. Eastman et all). The modification
of p53 with nedd8 got increased in comparison to nontreated control. This data gave us a clue that methylated
p53 might induce apoptosis in response to DNA
damaging agent like cisplatin.

Future Plan
•

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

Project C: Neddylated p53 induce apoptosis in
MCF7 breast cancer cell line in response to DNA
damage signaling.

Neddylated p53 induce apoptosis To address the
hypothesis that the neddylated p53 can induce apoptosis
we transfected p53, p53 plus nedd8 and the most active
form of p53 (18D20D) to breast cancer (MCF7) and brain
tumor cell line (U87). We observed the active cleaved
caspase 3 and cleaved PARP which is apoptosis marker
using western blot technique. Caspase 3 is an
executionery caspase upon cleave by initiator caspase it
gets cleaved and gets activated. Caspase 3 is a cysteine
aspartate-specific protease which cleaves its target to
induce apoptosis. PARP can be activated in cells
experiencing stress and/or DNA damage. Activated PARP
can deplete the ATP of a cell in an attempt to repair the
damaged DNA. ATP depletion in a cell leads to lysis and
cell death (necrosis). The intensity of cleaved caspase 3 is
increased in p53 plus nedd8 transfected lane compares to
control, p53 and nedd8 alone in U87 brain tumor cells (fig
2a). It was seen the cleaved PARP is increased in p53 plus
nedd8 transfected MCF7 cells with compare to control,
p53 and nedd8 transfected lane(2b). From these data, it
was strongly suggested that the neddylated p53 can
induce apoptosis in breast cancer and brain tumor cell
lines.

Introduction/Background
Non-covalent recognition of ubiquitin (Ub) and
ubiquitin-like molecules (Ubls) by interacting proteins
has an important role in the regulation of protein
function and initiation of signaling events.The p53 tumor
suppressor protein is a vital regulator of cell growth, as
abnormal cell proliferation is associated with either
mutations or absence of the p53 gene, or defects in
upstream regulators or downstream effectors in the p53
pathway. In response to stress, both the levels and activity
of p53 as a transcription factor are increased, resulting in
cell growth arrest, apoptosis or cellular senescence.

Specific Aims
•

Defining the role of NEDDylated p53 in breast
cancer.

Work achieved in the current year
Hyper neddylation of p53 during DNA damaging
signal
To determine the significance of p53 neddylation
on its function, we had treated the MCF7 cells with
cisplatin (30mM) for 24 hours. Cisplatin is one of the
most effective anticancer agents widely used in the
treatment of solid tumors. It is generally considered as a
cytotoxic drug which kills cancer cells by damaging DNA
A.

Future Plan
•

To elucidate the significance of mono and poly
NEDDylation.

B.

Fig.(2a) (A) Whole cell lysate of U87 cells transfected with NEDD8, p53, NEDD8+p53, 18D20D, 18D20D+NEDD8 were subjected to
western blotting. The membrane was first incubated with anti –active caspase3. Band intensity of active caspase 3 increases not only in
p53 and 18D20D as compared to control but increases even more in NEDD8+p53 and NEDD8+18D20D. This confirms the induction of
apoptosis by NEDDylated p53. Fig (2b).Whole cell lysate of MCF7 cells transfected with NEDD8, p53, NEDD8+p53, 18D20D,
18D20D+NEDD8 were subjected to western blotting. The membrane was incubated with anti –active PARP. Band intensity of active PARP
increases not only in p53 and 18D20D as compared to control but increases even more in NEDD8+p53 and NEDD8+18D20D. This
confirms the induction of apoptosis by NEDDylated p53.
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Project A: Genome scale reconstruction of metabolic model and functional analysis of sulfur oxidation
pathways in Thiomonas bhubaneswarensis (DSM 18181T)
Introduction / Background
Energy yielding process is a basic phenomenon to
understand the physiology and biochemistry of
microorganism's differential response towards macro
and micro nutrients including the lithotrophic substrates
under adaptive environments. The energy generating
components includes various oxidative enzymes used for
catabolic reaction and elements of electron transport
chain involved in ATP synthesis. Therefore, we have
proposed this study to understand the mechanism of
sulfur oxidation, organization of redox components in
electron transport chain and energy conservation
capacity in obligately mixotrophic bacterium Thiomonas
bhubaneswarensis

Specific Aims
•

To deciphered the mechanism of sulfur oxidation
by chemolithotrophic bacteria

Work achieved in the current year
This study describes the thiosulfate-supported
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respiratory electron transport activity of Thiomonas
bhubaneswarensis strain S10 (DSM 18181T). Wholegenome sequence analysis revealed the presence of
complete sox (sulfur oxidation) gene cluster
(soxCDYZAXB) including the sulfur oxygenase reductase
(SOR), sulfide quinone reductase (SQR), sulfide
dehydrogenase (flavocytochrome c (fcc)), thiosulfate
dehydrogenase (Tsd), sulfite dehydrogenase (SorAB), and
intracellular sulfur oxidation protein (DsrE/DsrF). In
addition, genes encoding respiratory electron transport
chain components viz. complex I (NADH dehydrogenase),
complex II (succinate dehydrogenase), complex III
(ubiquinone-cytochrome c reductase), and various types
of terminal oxidases (cytochrome c and quinol oxidase)
were identified in the genome. Using site-specific electron
donors and inhibitors and by analyzing the cytochrome
spectra, we identified the shortest thiosulfate-dependent
electron transport chain in T. bhubaneswarensis DSM
18181T (Figure 1). Our results showed that thiosulfate
supports the electron transport activity in a bifurcated
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In marine environment, surfaces are quickly
colonized by bacteria with the help of biofilm, sometimes
termed as micro fouling. Biofilm can be defined as
communities of bacteria that are attached to both
biological and non-biological surfaces by self-producing
matrix. It provides protection from environmental insults
and assaults along with nutrient availability to the
inhabiting bacteria. Only few attempts have been made to
understand the biofilm lifestyle and their survivability at
extreme environment. Moving into this direction,
bacterial strains isolated from corals from Andaman Sea
were used to deciphering the biofilm lifestyle of both
single and mixed species.
Fig 1. A model showing overall mechanism of thiosulfate
oxidation and electron transport in T. bhubaneswarensis DSM
18181T

manner, donating electrons to quinol (bd) and
cytochrome c (Caa3) oxidase; these two sites (quinol
oxidase and cytochrome c oxidase) also showed
differences in their phosphate esterification potential
(oxidative phosphorylation efficiency (P/O). Further, it
was evidenced that the substrate-level phosphorylation
is the major contributor to the total energy budget in this
bacterium.

Future Plan
•

To study the physiology and biochemistry of
sulfur oxidation pathways in chemolithotrophic
bacteria isolated from extreme environment.

•

To understand the genetic basis of lithotrophic
life style of bacteria in extreme environment.

Project B: Studies on biofilm lifestyle and antibiofilm activity of marine bacteria isolated from
Andaman Sea
Introduction/Background

Specific Aims
•

Screening and characterization of biofilm forming
marine bacteria isolated from corals.

• To study the dual species biofilm formation by
marine bacteria.

Work achieved in the current year
In this study, the biofilm forming capability of
coral-associated marine bacteria was initially screened
by crystal violet staining. The biofilms were formed in 96well microtiter plates (polystyrene surface) for 24 hrs.
Bacteria that gave OD≥1 by CV staining were considered
strong biofilm formers. 16S rRNA showed that the biofilm
forming bacteria mostly belonged to
gammaproteobacteria with a minor percentage of
alphaproteobacteria. Confocal microscopy of biofilms
was performed using Live Dead Staining on 24 hr biofilm.
Strain S7-75 showed good biofilm forming capability at
glass surfaces compared to other strains. The thickness
also varied among species with S7-75 showing greater
thickness and biovolume (Figure 2A). Moreover, strains
belonging to genus Psychrobacter formed fewer biofilms
on glass surfaces compared to other strains. Orthogonal
view of biofilm created using ImageJ (Figure 2B) showed

Fig. 2. (A) PHLIP analysis of biofilm formed by different bacteria.(B) Orthogonal view of the biofilm of different bacterial strains.(C)
Contact-dependent biofilm inhibition with strain S1-18. Bars represent Mean ± S.D. (n=3). Micrographs are at the bottom (D) SEM
micrographs of biofilm developed by strain S1-19 with or without strain S1-18(a,b); scale bar-10µm. Dense biofilm developed by S119(c); scale bar -2µm. Loose biofilm developed by coculture of strain S1-19 and strain S1-18 (d); scale bar -2µm.
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differences in biofilm structure among strains with S6-65
forming the mushroom-like biofilm structure.Looking
into the biofilm interactions within a dual species biofilm
we found that strain S1-18 showed an inhibitory effect
when grown as dual species biofilm with S1-19. Strain S118 showed inhibition of biofilm formation of S1-19 in 8µm PET membrane but not in 0.4-µm membrane
suggesting cell contact biofilm inhibition of strain S1-19
(Figure 2C). 16S rRNA showed that strain S1-18 belonged
to genus Vibrio while S1-19 belonged to genus
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Pseudoalteromonas. SEM image also showed a reduction
in biofilm formation by S1-19 in presence of S1-18
(Figure 2D).

Future Plan
•

Study of spatial organization of strains within a
dual species biofilm using techniques such as
FISH.

•

Study of metal toxicity on marine biofilm by
MBEC assay.

51

ANNUAL REPORT - 2016-17

Plant Molecular Biology
Principal Investigator:
PhD Students:

Dr. Nrisingha Dey
Mr. Shayan Sarkar

SRF

Mr. Debashish Deb

SRF

Mr. Ahmed Khan

SRF

Miss. Ankita Shrestha

JRF

Miss. Snehalata Parida

JRF

Research/Project Associates:

Dr. Dipti Mishra

Laboratory Technician:

Mr. Abhimanyu Das
Mrs. Biswajita Prusty
Mr. Kashyap Bhuyan

Laboratory Attendant:

Mr. Rahim Nayak

Collaborators:

Dr. Shantibhusan Senapati, ILS, Bhubaneswar

Project A: Interaction of Arabidopsis TGA3 and WRKY53 result in synergistic activation of salicylic
acid-responsive, NPR1-dependent gene expression of Caulimoviral (Cestrum yellow leaf curling virus)
promoter.
Introduction / Background
TGA and WRKY transcription factors constitute a
major signaling module of plant defense response
induced by salicylic acid (SA). However, evidence
demonstrating that the TGA–WRKY interaction occurs in
planta is still lacking, and its implication in SA-mediated
gene activation has yet to be determined. In this study, we
have established the interaction of TGA3 and WRKY53;
consequently, to study the functionality of TGA3WRKY53 interaction, we employed a typical Caulimoviral
promoter (CmYLCV) having binding sites for both TGA3
(as-1) and WRKY53 (W-box) in close proximity (3-bp
apart).

Specific Aims
•

We established novel physical interaction of
Arabidopsis TGA3 and WRKY53 transcription
factors using both in vitro and in vivo approaches.
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•

We validated the functionality of such interaction
towards the regulation of gene expression under
SA induction in planta.

•

Implication of such interaction resulted in the
enhancement of Caulimoviral (CmYLCV)
promoter activity via NPR1-dependent salicylic
acid signaling in Arabidopsis.

Work achieved in the current year
Analysis of transgenic tobacco plants
Several transcriptional promoters isolated from
plant-infecting Caulimoviruses are being presently used
worldwide as efficient tools for plant gene expression.
The CmYLCV promoter has been isolated from the
Cestrum yellow leaf curling virus (Caulimoviruses) and
we identified in our earlier study a 866-bp CmYLCV
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Fig.1: Arabidopsis TGA3 and WRKY53 physically interact and directly bind to the CmYLCV promoter to regulate gene expression during
salicylic acid treatment. (A) Effect of SA on GUS expression in leaves of transgenic Arabidopsis CmYLCV::GUS and Cm9.11::GUS plants. (B)
Influence of different cis-elements on the activity of the CmYLCV promoter upon SA treatment. The “mas” fragment contains mutations in
the as-1 element, whereas the “mW” fragment contains mutations in W-box. The cis-elements in mutants ΔW-box1 and Δ(as-11+Wbox1) represent deleted nucleotides. The graph shows the corresponding relative GUS activities of each construct. GUS activity is shown
as a value relative to that of the untreated control. The graph shows (as-11(-648)+W-box1(-640)) block present in the CmYLCV promoter
is highly SA-responsive. (C) In vivo binding of TGA3 or WRKY53 to the target sequences of CmYLCV promoter as a function of SA. Water
and SA-treated leaves from transgenic plants encoding the promoter construct CmYLCV::GUS were subjected to chromatin
immunoprecipitation using either TGA3 or WRKY53 antibodies. The results of quantitative real-time PCR are presented as % input (the
ratio of the amount of DNA immunoprecipitated to input DNA). Values were plotted as the relative fold accumulation of ChIP products
from specific immunoprecipitation versus control (IgG) reactions. (D) Yeast two-hybrid experiments demonstrate the molecular
interaction of TGA3 with WRKY53.

Fig. 2. Interaction and binding of TGA3 and WRKY53 to CmYLCV promoter positively regulate salicylic acid mediated, NPR1-dependent
gene expression in plants. (A) Schematic representation of promoter-reporter constructs, effector constructs, and internal control
construct used in transient expression analysis in tobacco protoplasts. (B) The relative GUS activity values (normalized to luciferase
activity) in tobacco protoplasts transiently transformed with the indicated effectors and wild-type (WT) or mutated reporter constructs.
Values are mean ± SEM values of three replicates. (C) RT-PCR analysis of GUS expression from agroinfiltrated TGA3 or WRKY53 or
TGA3+WRKY53 over-expression construct in transgenic CmYLCV::GUS Arabidopsis plant in wild-type or npr1-2 mutant background.
(D) Comparative GUS expression analysis of EV or TGA3 or WRKY53 or TGA3+WRKY53 expression in leaves of transgenic CmYLCV::GUS
Arabidopsis plants in wild-type or npr1-2 mutant background upon salicylic acid treatment. GUS activity is shown as a value relative to
that of the untreated control.
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promoter fragment (-729 to +137 from transcription
start site, TSS) and a 465-bp long CmYLCV9.11 promoter
fragment (-329 to +137 from TSS) (Sahoo et al. 2014;
Planta, 240:855-75); all these fragments are highly
efficient in monocot and dicot plants. Here, we have
shown that the full-length CmYLCV promoter fragment (729 to +137 from TSS) is salicylic acid (SA) inducible. To
this context, we have performed an in-depth study to
elucidate the factors responsible for SA-inducibility of the
CmYLCV promoter. We found that the as-11 and W-box1
elements (located at -649 and -640 from the TSS) of the
CmYLCV promoter are required for SA-induced activation
by recruiting Arabidopsis TGA3 and WRKY53
transcription factors (Figure 1). Consequently, as a
nascent observation, we established the physical
interaction between TGA3 and WYKY53 (Figure 1).
Such interaction synergistically activates the
CmYLCV promoter activity in planta (Figure 2). Further
we found that activation of the CmYLCV promoter by SA
through TGA3 and WRKY53 interaction depends on
NPR1 (Figure 2).
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Finally, the findings presented here provide
strong support for the direct regulatory roles of TGA3 and
WRKY53 in the SA and NPR1-dependent activation of a
Caulimoviral promoter (CmYLCV).

Future Plan
•

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.

55

ANNUAL REPORT - 2016-17

Leukemia Research
Principal Investigator:

Dr. Soumen Chakraborty

PhD Students:

Miss. S. Rajashree Nandagopalan

SRF

Miss. Arundhati Halder

SRF

Miss. Arundhati Das

JRF

Miss. Jhinuk Basu

JRF

Mr. Mobeen Shaik

JRF

Research/Project Associates:

Dr. Kasturibala Nayak

Laboratory Attendant:

Mr. Arakshita Barik

Collaborators:

Dr. N.C. Pattnayak , Lab Care and Diagnostics, Cuttack
Dr. G. Biswas , Sparsh Hospital and Critical Care, BBSR
Dr. S. Biswas, Sparsh Hospital and Critical Care, BBSR
Dr. T. R. Santhosh Kumar, Rajiv Gandhi Center for Biotechnology,
Thiruvananthapuram
Dr. P. Parida, Acharya Harihar Regional Cancer Centre, Cuttack

Project A: Ecotropic viral integration site I regulate alpha-1, 6 fucosyl transferase expression and blocks
erythropoiesis in chronic myeloid leukemia
Introduction / Background
Chronic myeloid Leukemia (CML) is
characterized by the t(9;22) chromosomal translocation,
which results in the formation of the hallmark BCR-ABL1
fusion gene. The disease is clinically characterized by
leukocytosis, thrombocytosis and anemia with myeloid
hyperplasia in the bone marrow. The initial phase of CML
is characterized by the proliferation of myeloid cells
whereas erythroid cells are rather decreased. Imatinib
mesylate, the front line treatment for CML, specifically
inhibits the BCR-ABL1 tyrosine kinase activities,
decreases proliferation, enhances differentiation and
confers susceptibility to apoptosis. It was demonstrated
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that besides triggering apoptosis in K562 CML cells,
imatinib also mediated erythroid differentiation. It was
reviewed earlier that the altered expression or functions
of transcription factors due to mutation or translocation
may contribute to the progression of disease from
chronic to blast crisis phase. Inappropriate expression of
several genes and/or translocated products which
include EVI1, NUP98/HOXA9, AML1/EVI1, mutations in
p53 or INK4A/ARF are known to mediate progression of
CML to blast crisis. EVI1 defines leukemia initiating
capacity and can collaborate with BCR-ABL1 oncoprotein
in the evolution of tyrosine kinase inhibitor resistance in
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CML-BC. Earlier studies have shown that the expression
of EVI1 has a negative effect on erythropoiesis. Alpha1, 6fucosyltransferase (FUT8), an enzyme that catalyzes the
alpha1, 6 core fucose to the innermost Nacetylglucosamine residue of the N-glycan, has been
implicated in the development and tumorigenesis.
Expression of FUT8 was down-regulated during
chemically induced differentiation of murine
erythroleukemia cells. Overexpression of FUT8 inhibited
hemoglobin production of human erythroleukemia K562
cells. Taking into account the significant association of
EVI1 in CML, it is necessary to decipher the roles played
by EVI1 in CML disease progression.

Specific Aims
•

Investigate whether EVI1 functionally regulates
FUT8 with reference to CML

Work achieved in the current year
Cross-hybridization of different datasets yielded a
common pool of genes
To find out the candidate genes that may be regulated by
EVI1, we cross-hybridized two publicly available datasets
(GSE34729 and GSE25212) showing differential
expression of EVI1 and obtained a common pool of 26

genes. GSE34729 comprises the change in gene
expression induced by over expression of EVI1 in murine
hematopoietic stem cell and GSE 25212 comprises the
change in gene expression induced by overexpression of
EVI1 in SKOV3 ovarian cancer cells. The pool of 26 genes
were again merged with a CML dataset GSE4170 which
further narrowed down to a set of 11 genes (LOX,
HSPA1B, PIR, PPAP2C, FZD5, KRT18, F2RL1, BCOR1,
AKAP12 and GPRC5C, FUT8) that are not only regulated
by EVI1 but may also have a role in CML (Fig. 1A).
EVI1 positively correlates with FUT8 in CML cell lines
and patients samples
From the above, two genes i.e., PIR and FUT8 showed a
strong correlation with EVI1. Except for one gene, i.e.,
AKAP12, all others significantly correlated with EVI1. In
CML patients, although myeloid cells are proliferating,
erythroid cells are rather decreased and anemia is
commonly observed. Our analysis of GSE4170 showed
that EVI1 and FUT8 expression increases with the
progression of the disease, however, a stronger
correlation was observed in CP cases with respect to BC
cases (Fig. 1B). A quantitative analysis of FUT8 and EVI1
expression in six paired CML cases revealed that in four
paired cases EVI1-FUT8 correlation is stronger in CP
phase than in BC phase, a trend that was observed in the

Fig. 1. EVI1 regulates FUT8 in CML. A. Correlation matrix analysis showing the gene expression pattern of 11 genes among themselves
and also with EVI1. The correlation matrix is presented as a heat map. Spearman (SR) and Pearson (PR) rank test show the correlation
between EVI1 and FUT8 in CP and BC phases. B. Spearman (SR) and Pearson (PR) rank test were used to indicate the correlation between
EVI1 and FUT8 in four paired CML cases.
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Fig. 2. EVI1 and FUT8 block erythropoiesis in CML. A. K562 cells transfected with EVI1 siRNA and control siRNA shows down regulation
of mRNA and protein both for EVI1 and FUT8. B. CD71/Glycophorin A expression was assessed in BD Fortessa and was found to be higher
in cells which were transfected with EVI1 siRNA with respect to cells transfected with only control siRNA. C. Increased number of
benzidine-positive cells (blue staining) was observed by microscopy (20X) in cells which were transfected with EVI1 siRNA with respect
to cells transfected with control siRNA. Both pictograph and numbers are represented in the figure.

GSE4170 CML dataset. FUT8 expression gradually
increased with corresponding up-regulation of EVI1.
Taken together these data confirm that EVI1 can regulate
FUT8 expression in CML.
EVI1 blocks erythropoiesis in K562 cell line
We took the K562 cell line for several reasons; it shows a
high expression of EVI1, express erythropoietic markers
upon hemin treatment and no CML-CP cell line is
available. We knocked down the expression of EVI1 in
K562 cells by using EVI1 siRNA (a set of three) and after
48h of transfection, the mRNA and protein expression of
FUT8 was found to be down regulated with down
regulation of EVI1 (Fig. 2A). Hemoglobinization is one of
the hallmarks of erythroid differentiation. Over
expression of FUT8 inhibit hemoglobin production and
decrease CD71/Glycophorin A expression in K562 cells.
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The expression of CD71/Glycophorin A in EVI1 siRNA
treated K562 cells with respect to control siRNA treated
cells was checked. We observed that CD71/Glycophorin A
expression in EVI1 siRNA treated K562 cells was higher
with respect to control siRNA treated K562 cells (Fig. 2B).
We also checked for hemoglobinization by using
benzidine staining assay. Increased number of
hemoglobin positive cells indicated in blue was observed
in EVI1 siRNA treated K562 cells with respect to control
siRNA treated K562 cells (Fig. 2C). Collectively the above
results show that EVI1 can be regarded as one of the
important factor that can block erythropoiesis in CML in
conjunction with FUT8.

Future Plan
•

Investigate the role of EVI1 in CML disease
progression.
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Project A: Function of uncharacterized proteins during zebrafish development
Introduction/Background
A large number of sequences in each genome are
poorly annotated as uncharacterized proteins. This is
because no information on their function is available. We
have identified these proteins from human and a group of
organisms commonly used to model human disease
biology. The aim of this project is to predict and validate
the function of some of these proteins during zebrafish
development, which will lead to identification of novel
components of genetic networks involved in organ
development and function.
Specific Aims
•

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

• Analysis of mRNA expression pattern of
conserved and unique uncharacterized genes
during zebrafish embryogenesis.
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• 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.
We aim to identify these proteins and characterize their
function using zebrafish as a model (Figure-1). We had
reported the identification of uncharacterized proteins
from Homo sapiens (Hs), Mus musculus (Ms), Gallus gallus
(Gg), Xenopus laevis (Xl) and Danio rerio (Dr) in recent
annual reports. The uncharacterized proteins were
classified under three categories. Some of these had no
homolog in any organism other than the query sequence
(no hits). Some of these uncharacterized proteins had
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zebrafish and 2 other species. These were classified as
conserved uncharaterized genes. mRNA expression
profile of thirty one of the unique and twenty five of the
conserved uncharaterized genes have been studied
during zebrafish development.
Function of an uncharacterized gene:

Fig. 1. The project strategy: Uncharacterized proteins will be
identified from human and other model organisms. The mRNA
expression patter of selected genes will be studied during
zebrafish development. The function of interesting candidates
will be predicted computationally and validated using zebrafish
as a model.

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 showing 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 (provisionally named as Rhp20) in
the ILS annual report-2015. Zebrafish Rhp20 is primarily
expressed in the pronephros of zebrafish embryos. The
TALEN mediated knock-out strategy generated 3
different types of mutant Rhp20 zebrafish. Sequencing of
these mutants revealed that these mutations would lead
to Rhp20 protein that is 56-76 amino acid long as
compared to the wild type protein that has 272 amino
acids. All these mutants are expected to result in nonfunctional protein. Pronephros development and
function will be studied in these knock-out zebrafish.
Mechanistic studies on Rhp20 function:

Fig. 2. Identification of unique and conserved uncharacterized
genes: The uncharacterized genes that have no homologous
sequence in the non-redundant (NR) database were classified as
unique to a species. The uncharacterized genes that have a
homologue that is named as uncharacterized in 95% of the cases
were classified as uncharacterized. The conserved
uncharacterized genes are the ones that are present at least in 3
different species out of five analysed.

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 proteins 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 (Figure-2).
Expression analysis of unique and conserved
uncharaterized proteins in zebrafish:
It was found that 145 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.
Similarly 88 genes were found to have homologues in
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We have carried out a pull down assay followed by
mass spectrometry in order to identify the cellular
proteins that interact with zRhp20. In brief, zRhp20 was
expressed as an N-terminally GST and C-terminally HA
tagged protein in bacteria and purified to homogeneity.
This purified protein was incubated with protein
extracted from 24 hpf zebrafish embryos. The zRhp20
protein along with zebrafish proteins interacting with it
were pulled down using either glutathione beads or HA
antibody. The proteins interacting with zRhp20 were
identified by mass spectrophotometry. Interestingly
many of the proteins that interact with zRhp20 have been
reported to be expressed in the pronephros. Some of
them have been reported to have a function in kidney
either in humans or in mouse. It would be our priority to
identify functional significance of such interaction of
zRhp20 with these proteins.

Future Plan
•

We propose to carry out following aspects of this
project in this year. Phenotypic characterization
of zebrafish Rhp20 mutants will be carried out.
The role of newly identified zRhp20 interacting
partners in regulating kidney development and
function will be studied. We have reported that RA
signalling negatively regulates zRhp20
expression. The mechanism and significance of
such regulation will be studied further.
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Project A: Changes in the expression of epigenetic factors and regulatory network in myelopoiesis
Introduction/Background
Epigenetic factors are the key regulators of cell
fate decisions. Genetic aberrations, mutations in
epigenetic factors or aberrations in their normal gene
expression can lead to a disease state. Many of the
epigenetic factors are currently targeted by drugs for
different kinds of cancers and several of them are in
clinical trials. Hence, detail analysis of these factors are
essential to design new therapeutic targets.

Specific Aims
• Identification of diferentially expressed
epigenetic factors in in vitro myeloid
differentiation model (granulocyte and
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monocytes) from high-throughput RNA
sequencing.

• Bioinformatics analysis and validation of
granulocytic and monocytic lineage specific
epigenetic factors.

• Pathway/Network analysis of differentially
expressed genes and epigenetic factors to
understand the gene expression regulations.

Work achieved in the current year
We have successfully and reproducibly
established HL60 in vitro myeloid differentiation system.
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We have FACS sorted HL60 cells, which was differentiated
into granulocytes and monocytes by all trans retinoic acid
and vitamin D3 and used them for RNAseq. Our
preliminary analysis shows several epigenetic factors are
differentially regulated in one or the other myeloid
pathway.

Future Plan
•

We are interested to understand how the
interactions of different epigenetic factors and
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with tissue/cell specific transcription factors in
normal myeloid cell differentiation process.
Furthermore, we would extend our in silico study
followed by validation (RT-qPCR) of selected
target epigenetic factors to confirm our RNAseq
data. We would then try to check how the
expression of epigenetic factors are perturbed in
hematologic malignancies such as acute myeloid
leukemia (AML).
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Project A: Biochemical and molecular characterization of salt-responsive miRNAs in salt-tolerant and
non-tolerant rice cultivars
Introduction / Background
Among the abiotic stresses, salinity is the most
complex in action. Species-dependent response of
miRNAs to salt treatment has been seen in many plants,
including glycophytes and halophytes. However, report
on a comparative study of the expression profile of
miRNAs in rice cultivars, or in any crop cultivars, contrast
for salt tolerance, or tolerance to any abiotic stress is
scant. The study was to fill the gap, and the study
identified several targets important for salt tolerance.

Specific Aims
•

•

Sequencing and identification of salt-responsive
novel and conserved miRNAs in salt-tolerant and
non-tolerant rice cultivars.

Molecular characterization of the salt-responsive
miRNAs identified.
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Work achieved in the current year
More than 20 million sRNA raw reads were
generated for the root and leaf tissues of salt tolerant rice
cultivar Pokkali, which ultimately led to the identification
of 57 conserved and 18 novel miRNA in control root, 56
conserved and 236 novel miRNAs in treated root, 67
conserved and 383 novel miRNAs in control leaf, and 72
conserved and 318 novel mirnAs in treated leaves. The
conserved miRNAs identified belonged to 35 families.
The maximum representation of these miRNAs was in the
miRNA families miR156, miR160, miR166, miR167,
miR169 and miR171. Together these families
represented 80 % of the conserved miRNAs. All the
conserved miRNAs tested, namely miR159c, miR167d
and miR171b, miR193, miR166e and miR399a, these
were found to be expressing both in root and shoot
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Fig. 1. (a) Northern blotting for select conserved miRNAs in root and leaf (shoot) tissues and their desitometric analysis. PCS : Pokkali
control shoot; PTS: Pokkali treated shoot; PCR: Pokkali control root; PTR: Pokkali treated root; BCS: Badami control shoot; BTS: Badami
treated shoot; BCR: Badami control root; BTR: Badami treated root. (b) Differential expression comparison between high-throughput
sequencing data and northern blotting results.

Fig. 2. Northern blot validation of differentially expressed putative novel miRNAs with U6 as loading control and their densitometric
analysis. PCS: Pokkali control shoot; PTS: Pokkali treated shoot; PCR: Pokkali control root; PTR: Pokkali treated root; BCS: Badami
control shoot; BTS: Badami treated shoot; BCR: Badami control root; BTR: Badami treated root.
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tissues of not only the salt-tolerant Pokkali, but also of the
salt-sensitive Badami, but with a difference in expression
pattern in the two cultivars (Fig 1). Out of several novel
miRNAs predicted by Illumina sequencing followed by
bioinformatics analysis, expression of at least nine of
them could be successfully validated in Pokkali, as well as
in Badami by Northern (Fig. 2). Among the novel miRNAs
found expressing, CR3, CS6 and CR8 were found to
express only in root. Expression of the other miRNAs, like
CS1, CR7, CS7, CR9, CS9 and CS10 was found both in root
and shoot. The results of Northern for Pokkali for the
novel miRNAs, including their presence and response to
salt treatment, were quite in agreement with the results
obtained by high-throughput sequencing. Expression of
seven out of the nine novel miRNAs, including CR3, CS7,
CS9, CS10, CR7, CR8 and CR9, could be detected in the
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salt-tolerant wild rice Porteresia coarctata. The
expression of CS7, CS9, CS10, CR8 and CR9
downregulated greatly in the plant upon salt treatment
indicating their importance in the salt tolerance process.

Future Plan

• The importance of miRNAs as the master
regulator of physiological activities is although
well recognized, it is yet to be established well at
least with regard to salt tolerance in plants.
Keeping this in view, the expression of the
miRNAs identified in this study will be checked in
plants known for salt tolerance, and their
importance will be validated by raising plants
transgenic for their targets, either overexpressed
or downregulated.
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Project A: Nanomedicine-mediated drug targeting of cancer stem cells
Introduction / Background
Cancer Stem Cells (CSCs) are undifferentiated
cancer cells showing self-renewal, multilineage
differentiation potential, recurrence, metastasis,
multidrug resistance, dormancy and survival under
hypoxic condition. As a result of their tumor initiating
ability and resistance to conventional chemotherapy and
radiotherapy, CSCs have emerged as targets for cancer
therapy in recent years. In this context, we have
hypothesised that nanomedicinal approach having a
phytochemical Forskolin, combination with Paclitaxel
can be a novel platform for targeting breast CSCs.

Specific Aims
•
•

Characterization of stemness properties of
mammosphere cells generated from adherent
triple- negative MDA-MB-231 cells.

Evaluation of the differentiation ability of
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Forskolin and its therapeutic efficacy in
combination with Paclitaxel in the above CSCs.

Work achieved in the current year

We have evaluated the differentiation property of
Fo r s ko l i n a l o n e o r i n c o m b i n a t i o n w i t h
chemotherapeutic drug Paclitaxel. Mammosphere cells
were treated with either Forskolin (100µM)/ Paclitaxel
(10µM) or in combination of Forskolin (100µM) and
Paclitaxel (10µM) to evaluate the differentiation ability of
mammosphere cells hypothesizing that induced
differentiation through Forskolin will render CSCs more
vulnerable to conventional chemotherapeutics. The
mRNA expression level of stemness associated marker
Vimentin was quantified using qPCR and it was found
that Vimentin expression reduced significantly by
Forskolin treatment and further reduction was observed
with Forskolin in combination with Paclitaxel (Fig. 2 a).
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Fig. 1. Characterization of breast CSCs a. Microscopic view of the mammopshere cells. b. 2*104 mammosphere cells and adherent cells
tested for ALDH activity assay as per the manufacturer protocol and analysed with a FACS Fortessa flow cytometer. c. The expression of
stemness associated genes (Nanog, Sox2 and Oct4) in mammosphere cells and adherent cells (n=3). d. Western blot analysis of Nanog,
Sox2 and Oct4.

Further, the expression of Vimentin protein was also
evaluated through immunofluorescence technique and
found that the combinational approach of Forskolin and
Paclitaxel reduced the expression of Vimentin (Fig. 2 b).
Finally, Cell death assays (annexin-V/PI) using FACS were
performed to evaluate the synergistic mode of action of
Forskolin and Paclitaxel treatment on mammospheres.
We found that combination of Forskolin and Paclitaxel
was more cytotoxic than the respective individual drug
(Fig. 2 c). Lastly, we have evaluated the uptake ability of
nanoparticles by CSCs by incubating the cells with native
fluorochrome 6-coumarin and 6-coumarin loaded
polymeric nanoparticles both quantitative (flow
cytometry, results not shown) and qualitative (confocal
imaging). The results found that in both cases
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nanoparticle uptake is higher as compared to native dye
(Fig. 2 d).

Future Plan
•

Nanoformulation of Forskolin, Paclitaxel and dual
d r u g Fo r s ko l i n a n d Pa c l i t a xe l l o a d e d
n a n o p a r t i c l e s a n d i t s p hy s i o c h e m i c a l
characterisation.

• Evaluate the differentiation ability and

cytotoxicity of dual drug loaded nanoparticles as
compared to native drug, and single drug loaded
nanoparticles in mammosphere cells.

• Study the pharmacokinetics and antitumor
efficacy of nanomedicine in xenograft mice model.

INSTITUTE OF LIFE SCIENCES

ANNUAL REPORT - 2016-17

Fig. 2. Synergistic effect of Forskolin and Paclitaxel on CSCs a. mRNA expression of vimentin reduced relatively in combined treatment of
Forskolin and Paclitaxel than Forskolin or Paclitaxel as single drugs. 1*105 cells per well in a 6 well ultra low attachment plate were
treated with drugs for 4 days and subjected to RNA isolation for mRNA expression studies. b. Protein level of Vimentin was detected by
immunofluorescence staining.
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Project A: Identification of RANK and COL1A1 polymorphisms and their association with Otosclerosis

Introduction / Background
Otosclerosis (OTSC), an abnormal bone growth in the
middle ear that causes hearing loss, and it usually
inherited. The study was focused to identify the disease
associated genes/variations and to understand their
functional significance in disease process. Our previous
studies indicated up/down regulation of genes OPG,
TGFB1, RANKL at transcript level due to SNPs associated
with otosclerosis development. In the present study we
focused on RANK and COL1A1, which are involved in the
abnormal bone metabolism associated with otosclerosis.

Specific Aims
•

To evaluate the genetic contribution of RANK and
COL1A1 SNPs to otosclerosis susceptibility

Work achieved in the current year

All the cases included in the study were clinically
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diagnosed as otosclerosis. The patients were aged
between 15 and 70 years (mean age 31.51±13.22 yrs). Of
372 cases enrolled, 64% were males and 36% were
females which contradict the earlier reports where
women are shown to be more susceptible for the disease
than men. Although otosclerosis is a rare disease, we
reported 0.44% prevalence of otosclerosis in this/Indian
population. The control group from the same ethnicity
with age, sex matched having no early history of any kind
of ear related disorders were included in the study.

RANK variants and otosclerosis

Being a complex genetic disorder it is difficult to identify
the gene responsible for this disease, therefore, we
targeted OPG/RANK/RANKL signaling pathway which
play an important role in bone remodeling. We have
shown the role of RANK ligand promoter polymorphisms
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associated with otosclerosis in our previous studies. We
have shown the effect of RANKL SNPs on mRNA
expression in otosclerotic tissue. We found there is a
significant difference in levels of mRNA expression
between different genotypes of RANKL SNPs among the
cases.

During bone remodeling RANKL interacts with RANK and
promotes activation of nuclear factor Kappa B (NF-kB)
which in turn differentiates pre-osteoclast to form
multinucleated mature osteoclasts cells that lead to bone
resorption required for normal bone homeostasis.
Genetic factors such as single nucleotide polymorphisms
(SNPs) in RANK gene could alter its expression and
activity. We have shown in our previous study
significantly higher OPG:RANK ratio in otosclerosis
tissues compared to controls. Therefore, the purpose of
this study is to elucidate the genetic influence of RANK
polymorphisms with otosclerosis. To understand the
prognostic influence of RANK gene in otosclerosis, we
selected two most important variants rs35211496 and
rs1805034 in the coding region of RANK which have
shown significant association with many bone related
diseases including Paget's disease and bone mineral
density disorders.

Genotypes for the RANK SNPs rs35211496 (c.421C>T)
and rs1805034 (c.575C>T) were determined by using
PCR based RFLP method and direct sequencing.
Association testing was evaluated in 330 otosclerosis
cases and 360 healthy controls. For each SNP, HardyWeinberg equilibrium (HWE) was calculated with a cutoff value 0.001 and found both the SNPs followed HWE
and none of them showed significant deviation.
Genotyping results revealed a weak but statistical
significant association of rs1805034 SNP among males.
The association testing between case and control males
revealed that the TT genotype [recessive model; P=0.040;
OR=0.600; 95%CI=0.37-0.97] has shown a protective
effect towards the disease in males. However, no

Fig.1. (A) Allele frequency distribution of RANK gene
polymorphisms in otosclerosis cases and controls. (B) Frequency
of common haplotypes in otosclerosis cases and controls
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statistically significant association was found in overall
case-controls studied for both the SNPs (Fig. 1A). Further,
to evaluate the extent of linkage disequilibrium (LD),
haplotypes were constructed from the obtained
genotypes of the two SNPs. Four Haplotypes (CC, CT, TT,
TC) were observed (in order of rs35211496 and
rs1805034) with CC being the most common and TC
being the least common. None of the haplotypes was
found to be significantly different (P>0.05) in cases and
controls (Fig. 1B).
COL1A1 variants and otosclerosis

COL1A1 is one of the main constituent of the bone organic
matrix. It has been shown many mutations in this gene
are associated with variety of bone related disorders like
fragile bone, osteogenesis imperfect, osteoporosis etc.
This is the first case-control study in our population for
otosclerosis.

Genotyping was performed for the four SNPs
(rs1107946, rs11327935, rs2269336 and rs1800012) of
COL1A1 that were found to be positively associated with
otosclerosis in some populations. The cases analysed in
the study were clinically diagnosed and their mean age
was recorded as 31.51± 13.22yrs. All the SNPs genotyped
were in HWE (P>0.05). The calculated genotype and
allele frequencies were statistically similar for all the
SNPs except rs1800012G/T (Fig 2). The genotypes GG,
GT, TT for the SNP rs1800012 were seen in 286 (89%), 32
(10%), and 1 (0.3%) in cases and in 257 (81%), 59 (18%),
1 (0.3%) controls respectively. We observed the
heterozygous GT genotype was present in more number
of controls 59 (0.18) as compared to cases 32 (0.10). The
minor allele 'T' frequency was observed to be 0.05 in
cases and 0.09 in normal individuals. Testing of this SNP
showed a significant association for rs1800012 of G allele
and T allele between cases and controls, a significant
difference (p=0.005; OR=0.5481; 95%CI=0.342-0.8168)
has been observed. Further, Testing for interaction
between allele frequencies and sex revealed differences

Fig.2. Allele frequency distribution of COL1A1 gene
polymorphisms in otosclerosis cases and controls.
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between gender, showing the SNP rs1800012 is
significant in males (p=0.0113, OR=0.462; 95%CI=0.2580.826) and not in females (p=0.2445). We considered
statistical significance at p-values less than 0.05. The
results of this analysis indicates 'T' allele may play a
protective role in the development of otosclerosis as 'T'
allele frequency was found to be higher in controls than
cases, especially in males. Further, pathophysiological
mechanisms underlying these associations need to be
addressed.
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Future Plan
•

Gene expression studies will be taken up for
estimating the effect of the significantly
associated RANK and COL1A1 SNPs with
otosclerosis. Further, binding of nuclear factors to
these polymorphic sites will be studied for their
involvement in the transcription regulation of the
gene, which may affect bone mass determination.
We have also planned to study the influence of
cytokines, vitamins and hormones on RANK gene
and COL1A1 promoter function.
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Computational Biology and Bioinformatics
Protein Structure Function Relationship Studies
Principal Investigator:

Dr. Anshuman Dixit

PhD Students:

Mr. S. Suresh

Co-Investigator (S):

Dr. Narottam Acharya, ILS, Bhubaneswar

Mr. Ravindra Kumar

SRF

Mr. Sugandh Kumar
Research/Project Associates:
Collaborators:

SRF

JRF

Miss. Shaheerah Khan

JRF

Dr. Pabitra Mohan Behera

Dr. Narottam Acharya, ILS, Bhubaneswar

Dr. Tushar K Beuria, ILS, Bhubaneswar

Dr. S. Chattopadhyay, ILS, Bhubaneswar

Dr. Rupesh Dash, ILS, Bhubaneswar

Dr. Rajeeb Swain, ILS, Bhubaneswar

Dr. S. K. Mishra, ILS, Bhubaneswar

Dr. N. Dey, ILS, Bhubaneswar

Project A: Computational modeling and structural studies on DNA Polymerases from pathogenic yeast
Candida albicans)
Introduction /Background
C. albicans (C. albicans) is an opportunistic
commensal that is found in gastrointestinal,
genitourinary tracts, epithelial surfaces of the mouth,
nail, vaginal and parts of our skin tissues. In an
immunocompromised system, the C. albicans may cause
severe infection. Over the past decade, the candida
infections have been increased, thus suitable treatment
strategies are urgently required. We have used an in-silico
approach to understand the differences and similarities
among this thymine-thymine (TT) and thymine-thymine
dimers (TTD) DNA lesion bypass in pol η. Further, we
have tried mutational studies on specific residues that
were found crucial from our earlier studies.
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Specific Aims
•

•

To investigate the structural basis for DNA lesions
bypass in the modeled polη structures.

2. To investigate the residue level understanding
of polη structures through mutational studies.

Work achieved in the current year

We have generated C. albicans DNA polymerase
eta structure using homology modeling technique. The
generated structure was refined and subjected to
molecular dynamics analysis.

1. Generation of the wild and mutant polη models with TT
and TTD
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The candida Polη ORF sequence i.e. CaO19.866
(ORF1) was downloaded from National Center for
Biotechnology Information (NCBI) with accession ID:
gi|68469958. The X-ray crystal structure of S. cerevisiae
(PDB ID: 3MFH) was identified as a suitable template
based on the sequence identity (41%), query coverage
(62%) and e-value (ORF1: 2e-99). The homology
modeling was done using Modeller-9.16 where ten
models were generated. The best model was selected
using molpdf function. The wild and mutant type ORF1

models were generated with TT and TTD in DNA
template. Three mutant structures were (K278A, K282A
and K(278, 282)A. The single and double mutants were
generated by keeping magnesium and DTP at the active
site as similar to the template structure.

2. Setting up MD simulation

The initial topology and coordinates for the
protein-DNA complexes were obtained using tleap of
AMBER 12.0. The parameters for TTD were generated

(A).

(B).

C

(D).

(E).

(F).

Fig.1. (A). The RMSD graph showing Timescale and RMSD (A) on X and Y axis respectively. The label MT278(TT) indicates K278A mutant
carrying 'TT' in the active site, whereas the label MT278(TTD) indicates K278A mutatant carrying 'TTD' in the active site. The same
stands for the label MT282(TT). The label MT(TT) indicates ORF1 mutated with ALA both at 278 and 282 position carrying 'TT' in the
active site, the label MT(TTD) indicates ORF1 mutated with ALA both at 278 and 282 position carrying 'TTD' in the active site, the label
ORF(TT)/(TTD) indicates ORF1 (WT) carrying 'TT'/TTD in the active site. (B). The RMSD graph indicating the stability of DNA.

The scale in 'X' axis represents the timeperiod (ps) and the RMSD (Å) distance between structures in 'Y' axis respectively.
The DNA backbone RMSD analysis revealed that the DNA is quite stable with average RMSD less than 2.0Å for each system.
( C). The RMSF plot indicates flexibility profiles of Cα atoms in protein structure. The residue number is shown on 'X' axis while 'Y' axis
indicates the flexibility pattern describing the highly stable and less stable parts of each system. (D). The graph indicates the Rg
values for each system during the entire simulation. 'X' axis represents time scale while 'Y' axis indicates the Rg values of
each system. (E). The figure shows the number hydrogen bonds during the simulation in both the two ORFs. The 'X'- axis scale
represents timestep (ps) while 'Y'- axis scale represents a number of hydrogen bonds in each system. (F). The figure shows the
hydrogen bonds occurred during the simulation in both the two ORFs. The 'X'- axis scale represents timestep (ps) while
'Y'- axis scale represents a number of hydrogen bonds in each system.
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using tleap module whereas the magnesium and DTP
parameters were taken from a precompiled database.
Each system was solvated in a TIP3P rectangular water
box keeping the buffering distance of 10Å. To neutralize
the solvated complex system Na+ ions were added. The
topology and coordinates were produced by applying
ff99SB force field parameters. The molecular dynamics
simulation was performed using NAMD software. The
system was initially minimized to remove any bad
contacts; thereafter the system was equilibrated for
about 2ns. After completion of the equilibration, the
production run was done for 100ns.

1. Structural stability analysis

The Root Mean Square Deviation (RMSD)
calculation for the protein and nucleic backbone atoms
was done to assess the stability of simulations. The
backbone RMSD values indicate that each system was
evolving until ~ 10ns. Thereafter the RMSD remained
stable (within 2 Å). The remaining data analysis was
performed on last 90 ns. (Fig.1a).

Further, to assess the DNA stability and any
conformational changes in each system the RMSD values
for DNA backbone atoms were calculated over the entire
trajectory for each system (Fig.1b).

2. Protein flexibility analysis

To identify differential flexibility in protein 3D
structures among each system the Root Mean Square
Fluctuation (RMSF) analysis was performed based on the
protein Cα atoms (Fig.1c).

The generated RMSF curves show that each
system is more or less similar in flexibility. Major
fluctuations were observed at the lower palm domain,
thumb domain, and PAD domain, while the finger region
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showed greater rigidity in comparison to other domains.

3. Assessment of Protein folds

The radius of gyration was calculated to identify
the overall alteration in the protein shape during the
dynamics. The Rg represents the total compactness of
system where each residue gets accommodated in a
molecule.

It can easily be seen that the measured radius of
each system remains unchanged at approximately
around 25.7 – 26.7 Å respectively. This indicates that
protein conformation was quite stable in each system
throughout the whole dynamics. This analysis computed
that the three-dimensional arrangement of the residues
maintain whole structure in each system remained
unchanged during the production run (Fig.1d).
4. Hydrogen bond analysis

In the current study, an attempt has been made to
identify the most important residue-residue interactions
that may have an important role in protein stability and
domain flexibility.

Through hydrogen bond examination from the
last 60ns trajectory, the analysis was performed to
identify the crucial residue interactions. It is evident from
Fig.5 that the number of overall interactions ranges from
60 -130 in each frame (Fig.1e). Further, the protein-DNA
interaction analysis was performed at the residue level.
The overall trajectory suggested that the protein-DNA
interactions remained consistent for each system (Fig.1f).

Future Plan
•

We are planning to identify suitable ligands that
can bind at the crucial tetrad and can prevent the
DNA replication in C. albicans.
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Cancer Biology
Glucose Metabolism and Cancer
Principal Investigator:
PhD Students:

Fast Track/Woman Scientist:

Dr. Rupesh Dash
Mr. Santanu Maji

SRF

Mr. Sabindra K Samal

SRF

Mr. Omprakash Shriwas

JRF

Dr. Neera Singh

Dr. Swati Chauhan

Project / Research Assistant:

Miss. Manashi Pridarshini

Collaborators:

Dr. Punit Prasad, ILS, Bhubaneswar

Laboratory Technician:

Miss. Laxmipriya Pattanaik

Project A: Role of glucose metabolism in Oral Squamous Cell Carcinomas (OSCC)
Introduction/ Background
Metabolic reprogramming is being considered as
a common feature of tumorigenesis. But the exact
molecular mechanism by which these metabolic
alteration leads to tumorigenesis is yet to be explored. We
are interested to explore the role of altered glucose
metabolism in OSCC, i.e. to study the role of glycolysis
(Warburg effect) and pentose phosphate pathways and
TCA in oral carcinogenesis. TIGAR (TP53-induced
glycolysis regulatory phosphatase) diverts the shunt
towards Pentose Phosphate Pathway (PPP).

Specific Aims
•

To evaluate the potential oncogenic role of TIGAR
in OSCC.

Work achieved in the current year

1. Clinicopathological association of TIGAR with OSCC:

Using immunohistochemistry (IHC), we
evaluated the expression pattern of TIGAR in OSCC
patient tumor samples along with normal adjacent
tissues. The tumor samples used for this analysis were

INSTITUTE OF LIFE SCIENCES

distributed stage wise with regard to disease progression,
i.e. stage I (10 patient samples), stage II (10), stage III (5)
and stage IV (8) along with their normal adjacent tissues.
Our data suggests that expression of TIGAR is
significantly high in all stages as compared to the normal
adjacent. But with the stages, in stage IV the expression of
TIGAR is slightly lower than stage I. We performed realtime for these patient samples and the expression pattern
of TIGAR is similar as evident in IHC. In addition to this,
our data suggests that TIGAR expression is significantly
higher in OSCC cell lines as compared to normal Human
Oral Keratinocytes (HOK).

2. Ectopic overexpression of TIGAR protects OSCC
lines against chemotherapy:

Using a lentiviral approach, we generated stable
clones of OSCC lines that ectopically overexpress TIGAR.
Our data suggests that TIGAR overexpression clones are
st
resistant to the cell death mediated by Cisplatin, 5-Fu (1
line drugs for OSCC) as compared to vector control clones.

3. Knocking down TIGAR enhances chemotherapy-
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induced cell death in OSCC cells.
OSCC lines were transfected with control Si or
TIGARsi after which they were treated with cisplatin/5Fu for 48h. Our cell death analysis data suggests that
TIGAR enhanced chemotherapy-induced cell death in
OSCC cells.
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Future Plan
•

•

Elucidating mechanism how TIGAR protects
OSCC cells from chemotherapy induced cell death.
We will perform NGS for this purpose.

In vivo validation of potential tumour initiating role
of TIGAR in carcinogen induced OSCC mouse model.
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Tumor Microenvironment and Animal Models
Principal Investigator:

PhD Students:

Dr. Shantibhusan Senapati
Mr. Sumeet Jain

SRF

Mr. Biswajit Das

SRF

Mr. Sujit Suklabaidya

SRF

Mr. Debasish Mohapatra
Research/Project Associates:
Laboratory Technician:
Collaborators:

JRF

Mr. Vodu Suresh

JRF

Dr. Pujarini Dash

Mr. Madan Mohan Malick

Dr. Prakash K Sasmal, AIMS, Bhubaneswar
Dr. Sanghamitra Satpathy, IGH, Rourkela

Dr. Sunil K Raghav, ILS, Bhubaneswar

Dr. Nrisingha Dey, ILS, Bhubaneswar

Dr. Sandeep K. Mishra, ILS, Bhubaneswar
Dr. Sanjeeb K. Sahoo, ILS, Bhubaneswar

Project A: To characterize the exosomes secreted by chemotherapy-exposed pancreatic cancer
associated fibroblast cells (CAFs) and investigate its role in chemoresistance of cancer cells
Introduction / Background
Chemoresistance (CR) of pancreatic cancer (PC)
poses a major threat making the currently available
therapeutic strategies less effective. Study has shown that
exosomes secreted by gemcitabine (GEM)-treated cancer
associated fibroblasts (CAFs) promotes proliferation and
drug resistance of PC cells. We have hypothesized that
“exosomes of cancer-associated CAFs exposed to
gemcitabin harbor protein and/or mi-RNA mediators
that induce CR in PCCs, and inhibition of certain key
factors present in CAFs-exosomes would optimize
therapeutic targeting of PC” (Fig. 1).
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Specific Aims
•

•

To isolate and characterize exosomes produced
by PSCs/CAFs in presence and absence of
gemcitabine

To functionally validate individual candidate(s)
present in the exosomes of PSCs/CAFs that might
have effect on chemoresistance of PCCs

Work achieved in the current year

Our preliminary data shows that noncytotoxic
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dose of gemcitabine (a standard chemotherapeutic drug
for PC) activates NF-κB in human PSCs. Importantly,
conditioned medium obtained from gemcitabine-treated
PSCs (GEM-PSC-CM) confers CR to PCCs.

Future Plan
•
Fig. 1: Schematic diagram showing the role of cancer associated
fibroblast (CAF) derived exosomes in the chemoresistance of
pancreatic cancer cells (PCCs).
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To investigate the effect of chemotherapy on
CAFs/PSCs exosome composition and check how
it affects CR property of cancer cells. Further, to
inhibit certain important factors produced by
chemo-exposed CAFs/PSCs and check its impact
on CR property of PCCs.
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Structural Biology
Macromolecular X-ray Crystallography
Principal Investigator:

PhD Students:

Research Associates:
Project SRF:

Lab Technician:
Collaborators:

Dr. Dileep Vasudevan
Mr. Ashish Kumar

SRF

Mr. Ajit Kumar Singh

SRF

Mr. Rajivgandhi S

SRF

Mr. Ruchir Chandrakant Bobde

JRF

Dr. Chinmayee Mohapatra
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Dr. Sushil Kumar

Mr. Manas Kumar Jagdev
Miss. Sudeshna Sen

Dr. Balachandran Ravindran, ILS, Bhubaneswar

Dr. Narottam Acharya, ILS, Bhubaneswar

Dr. Tushar Kant Beuria, ILS, Bhubaneswar

Dr. Soma Chattopadhyay, ILS, Bhubaneswar

Dr. Rajeeb Kumar Swain, ILS, Bhubaneswar

Dr. Shantibhusan Senapati, ILS, Bhubaneswar
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Dr. Claudia Jonak, Austrian Institute of Technology, Tulln, Austria

Prof. Kim Lewis, North Eastern University, Boston, MA, U.S.A.

Prof. Sheng Luan, University of California, Berkeley, U.S.A.

Project A: Crystal structure of the N and C-terminal domains 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. 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, nuclear-localized,
FK506-binding protein which functions as a histone
chaperone. Herein, we report the crystal structure of its
N-terminal domain.
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Specific Aims
•

Structural characterization of AtFKBP53 Nterminal nucleoplasmin-like domain

Work achieved in the current year

The details of cloning, expression, purification
and preliminary crystallization experiments for
AtFKBP53 domains were provided in the previous year's
report. Herein, we report the crystal structure of the Nterminal nucleoplasmin-like domain of AtFKBP53.
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(A).

(B).

Fig.1 (A) : Structure of the pentameric, nucleoplasmin-like, N-terminal domain of AtFKBP53. Each subunit of a pentamer is shown
in a different colour. One monomer shows beta sheets in yellow, loop regions in green and helix in red. The four other monomers are
shown in orange, magenta, dark blue and cyan. (B) : The two-dimensional topology for one subunit of AtFKBP53 pentamer
revealing its secondary structural organization. Beta and helical secondary structures are shown and residues mentioned therein.
Hydrogen-bonds holding the beta sheets are also depicted. The acidic tract between β6 and β7 is also highlighted.

Crystals of AtFKBP53 NTD appeared in sitting
drop vapor diffusion plate in several different conditions
and conditions were further optimized. A single rodshaped crystal from an optimized condition was used for
data collection. High resolution dataset was later
collected at beamline BM14 of ESRF. The diffraction data
were processed using HKL2000. The crystal belonged to
the primitive monoclinic space group P21 with unit cell
o
dimensions a = 56.59 Å, b = 97.39 Å, c = 96.43 Å, = γ = 90 ,
o
and β = 94.12 .

The crystal structure was solved by molecular
replacement method with the help of the program
Phaser-MR in Phenix. Model building and structure
refinement were carried out using COOT and Refmac5
from CCP4 suite of programs. The structures were
analyzed for stereochemical quality using the program
PROCHECK.

AtFKBP53 NTD crystal structure had ten
molecules in the asymmetric unit as two independent
pentamers. The core of the beta barrel is filled primarily
with hydrophobic residues and the hydrophobic core
forms a ring in the pentamer, thereby stabilizing the
structure. The pentameric structure is quite similar in
organization to other known nucleoplasmin/
nucleophosmin structures. Fig. 1a. shows the pentameric
structure of AtFKBP53 N-terminal domain.

The core of each monomer has an eightstranded beta barrel having a jelly roll topology (Fig. 1b)
similar to other nucleoplasmin family members. The
hydrogen bonding between adjacent beta strands holds
the structure and provides stability. β6 is split into two by
a short coil of two residues. β4 and β5 form a beta hairpinlike structure. The stretch between β2 and β3 forms a 310
helix. The random coil stretch between β6 and β7 of
FKBP53 NTD forms an acidic stretch (DDDDE). The 5-fold
axis runs almost parallel to the individual beta strands in
each of the monomers. The split β6 lies closest to the 5fold axis whereas the beta hairpin made up of β4 and β5
twists out from the axis.

88

Future Plan
•

Crystallization of the C-terminal FKBP domain of
AtFKBP53 in complex with FK-506 needs to
carried out. Attempts are being made to express
and purify the full-length protein. Preparation of
a homogenous complex of the protein and/or its
domain(s) with histone oligomers also needs to
be tried. Interaction studies with histones and
nucleosomes will also be carried out. If a stable
complex can be obtained, the same will be used
for crystallization and SAXS experiments.

Project B: Arabidopsis thaliana caseinolytic
protease-associated chaperone D (AtClpD) has a
highly divergent N-terminal domain as
compared to other Clp chaperones
Introduction/Background
Caseinolytic protease-associated chaperones C1
and D (ClpC1 and ClpD) performs the function of
chloroplastic protein quality control primarily through
their association with ClpPR protease core, wherein the
chaperones aid in ATP-dependent unfolding of protein
substrates to be degraded by the protease machinery. Our
structural study focused on the N-terminal domain of
AtClpC1 and AtClpD.

Specific Aims
•

Structural comparison of AtClpC1 and AtClpD Nterminal domains with known Clp chaperone Nterminal domain structures.

Work achieved in the current year

The details of cloning, expression, purification,
crystallization and structural information were provided
in the previous year's report. Herein, we provide detailed
comparison of the two structures with other known Clp
chaperone N-terminal domain structures.

AtClpC1 N-terminal domain structure is very
similar to the structure of NTD from bacterial ClpC and
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Fig. 2A: Structure-based sequence alignment of AtClpC1 NTD and AtClpD NTD with bacterial ClpC NTDs. The sequences have been
aligned using ClustalW. The residues forming helices are underlined and the helices are labelled α 1 to α 8 (ClpC numbering). The residues
conserved among all seven sequences are highlighted in red, those conserved among five or six sequences are highlighted in green and
those conserved in four sequences are highlighted in grey. The residues of regions that are substantially different in AtClpD structure
have been given in blue. Mt, Cg, Cd, Bs and Bl corresponds to Mycobacterium tuberculosis, Corynebacterium glutamicum, Clostridium
difficile, Bacillus subtilis and Bacillus lehensis, respectively. B : Structure-based sequence alignment of AtClpC1 NTD and AtClpD NTD
with ClpA/B NTD and ClpT1/T2 proteins. The sequences have been aligned using ClustalW and the residues forming helices are
underlined and helices labelled α1 to α8 (ClpA/B/C/T numbering). The residues conserved among all seven sequences are highlighted in
red, those conserved among five or six sequences are highlighted in green and those conserved among four sequences are highlighted in
grey. The loop region of AtClpD corresponding to α3 of other structures is given in blue. Ec and Pf correspond to Escherichia coli and
Plasmodium falciparum, respectively.

aligns best with a minimal r.m.s.d. of 0.66 Å for 102 Cα
atoms with M. tuberculosis ClpC1 NTD (PDB id: 3WDB).
AtClpD NTD structure does not have the four-helical
structural repeat organization and it has a longer middle
loop. As such, it aligns poorly with the other known ClpC
NTD structures which have two halves of four-helix motif.
Alignment of AtClpD NTD gives minimal r.m.s.d. of 0.72 Å,
but only for 75 Cα atoms of C. difficile ClpC NTD (PDB id:
3FES). Figure 2a. shows the structure-based sequence
alignment of AtClpC1 NTD and AtClpD NTD with different
bacterial ClpC NTD.

The overall structure of AtClpC1 NTD is similar to
that of NTD from bacterial ClpA and ClpB proteins as well.
AtClpC1 NTD has its secondary structure organization
quite similar to that of E. coli ClpA and ClpB -NTD,
however the helices and loops of AtClpC1 NTD and those
of ClpA/B proteins are oriented slightly different and
hence the structure superpose with a relatively poor
r.m.s.d. of 3.82 Å (for 99 Cα atoms) and 7.31 Å (for 81 Cα
atoms) to E. coli ClpB NTD (PDB id: 1KHY) and E. coli ClpA
NTD (PDB id: 1R6C), respectively. The NTD of malarial
ClpB2 protein (PDB id: 4IOD) also has similar secondary
structural features, but superposes with AtClpC1 NTD
with higher r.m.s.d. AtClpD aligns with ClpB and ClpA
proteins with even higher r.m.s.d.

The chloroplast ClpT1 and ClpT2 proteins show
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high sequence similarity with each other and are likely
derived from ClpC chaperones given their significant
sequence similarity (31% sequence identity across 93 to
98 residues) to the NTD of chloroplast ClpC1/C2
chaperones. The structure of AtClpT1 (PDB id: 4Y0B) and
AtClpT2 (PDB id: 4Y0C) aligns with AtClpC1 NTD with an
r.m.s.d. of 1.03 Å (for 88 Cα atoms) and 1.31 Å (for 84 Cα
atoms), respectively and with AtClpD with an r.m.s.d. of
1.35 Å (for 92 Cα atoms) and 1.44 Å (for 90 Cα atoms),
respectively. Structure-based sequence alignment of the
NTD of AtClpC1 and AtClpD with AtClpT1, AtClpT2 as well
the NTD of E. coli ClpA, E. coli ClpB and malarial ClpB2 is
presented in Fig. 2 b.

Future Plan
•

AtClpC1 along with ClpS1 did not give any
complex crystals. As more recent literature
suggests the need for the additional adaptor
protein AtClpF, we are trying to look at the
possibility of crystallizing a complex containing
AtClpC1 or its NTD with AtClpS1 and AtClpF. We
are also trying to crystallize the ATPase domains
o f At C l p C 1 a n d At C l p D fo r s t r u c t u ra l
characterization. We hope to understand
functional versatility of these chaperones
through their structures.
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•
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•
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•

Infectious Disease Biology Unit (IDBU) of ILS-IGH

•

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

Dr. S. K. Das

Lab Technician:

Mr. Satya Mohanty
Mr. Kinshuk Chandra Nayak

Project A: Characterization of three novel SXT/R391 integrating conjugative elements ICEMfuInd1a
and ICEMfuInd1b, and ICEMprChn1 identified in the genomes of Marinomonas species
Introduction / Background

Work archived in the current year

Integrative conjugative elements (ICEs) are selftransmissible mobile genetic elements (MGEs) that are
widely distributed in bacterial genomes and play a
major role in bacterial adaptation, genome dynamics
and evolution. The ICEs of the SXT/R391 family are
major drivers in the dissemination of heavy metals and
multidrug resistance among environmental and
pathogenic clinical strains of diverse bacterial groups
within the Gammaproteobacteria. To date, SXT/R391
ICEs have been found in several species of Vibrio,
Shewanella, Photobacterium, Providencia, and Proteus.
Further, coexistence of two ICEs of the SXT exclusion
group in the same genome is very rare and limited
information is available on natural isolates harboring
such SXT/R391 ICEs arrays. Moreover, genomic analysis
on SXT/R391 ICEs harboring in the species of the genus
Marinomonas has not been reported so far. In the
present study we described and compared the genetic
features of three new SXT-like ICEs. Among them two
T
were identified in the genome of M. fungiae JCM 18476
and one in the genome of M. profundimaris strain D104.

This study reports the genomic features of three
new SXT/R391-like ICEs identified in the genome of
T
Marinomonas fungiae JCM 18476 (ICEMfuInd1a and
ICEMfuInd1b) and in Marinomonas profundimaris strain
D104 (ICEMprChn1). Structural organizations of the
three ICEs were similar to the typical SXT/R391 family
of ICEs and showed high degree of conservation in the
core genes. Sequence analysis revealed ICEMfuInd1b
and ICEMprChn1 were inserted into the genome at 5'end of the typical host prfC gene, while ICEMfuInd1a was
inserted at 5'-end of the atypical hipA-like gene. Despite
their coexisting, the ICEMfuInd1a and ICEMfuInd1b
were not present in a tandem fashion in the genome of M.
fungiae. Phylogenetic analyses revealed the three ICEs
either evolved independently or high degrees of
recombination events have masked their common
evolution from SXT-like ancestors. Further, we found
that the typical entry exclusion mechanism mediated by
the TraG/EeX protein pair was likely defective in
preventing the conjugative transfer of a second copy of
the same S (SXT) group ICE in M. fungiae due to
mutations. Our analysis showed the presence of 16, 25
and 27 variable genes in the hotspots of ICEMfuInd1a,
ICEMfuInd1b and ICEMprChn1 respectively, many of
which were not reported earlier for SXT/R391 ICEs
(Figure 1). Sequence analysis predicted these hotspot

Specific Aims
•

To study the genomic features of integrative
conjugative elements (ICEs) in the genomes of
Marinomonas species
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Fig. 1: Schematic representation of the (A), core SXT-like ICE backbones and (B), the five hotspot regions of the three ICEs:
ICEMfuInd1a, ICEMfuInd1b and ICEMprChn1. Genes/ORFs in the five hotspots are designated as a1 to a16 and b1 to b25 in
ICEMfuInd1a and ICEMfuInd1b, respectively (see Table 2). Genes/ORFs are colour coded: blue, integration and excision; yellow, DNA
processing; orange, conjugative transfer system; purple, RecA-independent homologous recombination and Umu-like mutagenic
repair; green, transcriptional activator; red, transcriptional repressor; grey, other or hypothetical functions; cyan, hotspot genes;
violet, gap regions.

regions were shaped by acquisition of genes through
homologous recombination between the SXT and R391
related ICEs or mobile genetic elements present in
disparate marine bacteria. Multidrug resistance genes
which are hallmark feature of SXT/R391 ICEs were not
present in either of the two ICEs from M. fungiae but
were present within a transposon cassette in the HS-1 of
the ICEMprChn1 from M. profundimaris. Finally, our data
provided information on the genetic diversity and
predicted functions encoded by variable genes present
in the hotspot regions of these new ICEs.

Future Plan
•

Genome scale reconstruction of metabolic
model and functional analysis of pathways
involved in synthesis of biomolecules,
bioremediation and degradation of xenobiotic
compounds

•

Analysis of Microbiomes collected from
extreme environments

Project B: Analysis of Codon usage bias using
statistical methods and bioinformatics tools.

use of synonymous codons in gene coding sequences is
not random and many factors like, gene expression level,
tRNA abundance and other evolutionary constraints
were reported to be contributory effect on this selection.
Some studies have showed that, codon bias is the most
determinant of translational efficiency and mRNA
folding at beginning of genes is dominant factor through
its effect on translation initiation. Also, it was reported
from study of fungus that impact of codon usage on gene
expression results mainly from effects on transcription
and is largely independent of mRNA translation and
mRNA stability. Since data set for these kinds of study
are inherently high dimensional and data reduction
techniques like Correspondence Analysis (COA),
Principal Component Analysis (PCA), Principal
Coordinate analysis (PcoA), factor analysis (using
different algorithms and matrices) available in statistics
in addition to bioinformatics tools based on these
theories are used to identify major trends of variability
and evolutionary constraints during genome evolution

Specific Aims
•

Identifying the primary trend of data variability
within genome for studying codon usage
pattern of prokaryotes and eukaryotes using
data reduction techniques and bioinformatics
tools.

•

Comparative codon and ribosome profiling of
prokaryotes

Introduction/Background
The degeneracy in genetic code enables a single
protein to be encoded by multiple synonymous gene
sequences. This is found both in eukaryote and
prokaryote genomes and the frequency of certain
preferable codons were found more in highly expressed
genes. This phenomenon called codon bias. So codon
bias plays an important role in regulating protein
expression. However, many uncertainties exists
concerning and explaining this phenomenon. Since the
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Work achieved in the current year
•

A We b s e r ve r, C h l o ro M i t o C U ( U R L :
http://chloromitocu.cgu.edu.tw/) was hosted
for browsing thousands of pre-compiled codon
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Fig. 2: Within Correspondence analysis (WCA) of S. oneidensis
genome, showing codon preferences for genes with reference
to codon count variation.

Fig. 3: ORFeome analysis of S. oneidensis genome showing
amino acid preferences (color intensity correspondences to
residual value present in each cell of contingency table).

patters across organelle genomes. It was
developed jointly working in collaboration with
Plant Functional Biology and Climate Change
Cluster (C3), University of Technology Sydney,
PO Box 123 Broadway NSW 2007 Australia.

infrastructure in the institute as per research
requirements from time to time.

•

•

Badhai J, Das SK*. Characterization of three novel
SXT/R391 integrating conjugative elements
ICEMfuInd1a and ICEMfuInd1b, and
ICEMprChn1 identified in the genomes of
T
Marinomonas fungiae JCM 18476 and
Marinomonas profundimaris strain D104.
Frontiers in Microbiology 2016; 7: 1896. doi:
10.3389/fmicb.2016.01896.

•

Badhai J, Whitman WB, Das SK . Draft genome
sequence of Rhizobium pusense strain NRCPB10T
(LMG 25623T) isolated from rhizosphere soil of
chickpea (Cicer arietinum L.) grown in India.
Genome Announcements 2017; DOI:
10.1128/genomeA.0028217.

•

Bandyopadhyay S, Whitman WB, Das SK*. Draft
genome sequence of Pannonibacter indicus
strain HT23T (DSM 23407T), a highly arsenate
tolerant bacterium isolated from a hot spring in
India. Genome Announcements 2017; DOI:
10.1128/genomeA.0028317.

•

Sablok G, Chen TW, Lee CC, Yang C, Gan RC,
Wegrzyn JL, Porta NL, Nayak KC, Huang PJ,
Varotto C, Tang P; DNA Research 2017 0(0) 1-6,
DOI: 10.1093/dnares/dsw044 .

Multivariate statistical analysis of codon and
amino acid usage was carried for facultative
anaerobic marine γ-proteobacteria and
significant evolutionary constraints shaping for
their genome evolution were identified. (Figure
2, Figure 3).

Future Plan
•

Development of new algorithm and software
/webserver 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.

•

Original peer-reviewed research articles

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

Facilities provided by DISC
DISC is providing IT infrastructure and facilities
for genomics and proteomics research integrating it
with high speed NKN network. The center is involved in
configuration, updating and coordinating all IT
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Central Proteomics Facility
Scientist In-charge:

Dr. Amol Suryawanshi

Lab Technician:

Mr. 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

INSTITUTE OF LIFE SCIENCES

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.

101

ANNUAL REPORT - 2016-17

AB SCIEX TOF/TOF 5800 System

NanoLC Ultra 2D Plus system with EKSpot MALDI Spotter
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Experimental Animal Facility
Dr. Sarita Jena

Veterinarian-Scientist In-charge :

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.

produced from PC are shifted to Stock for use and never
backed to FC. Animals in PC are randomly mixed animals
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.

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.

The hamster breeding strategy includes only one
breeding system i.e. the Foundation Colony (FC). In FC
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/GO/ReBi/S/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

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

Table : Total Animal used for experiment by the PI/researchers for the year 2015-16:

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

Mice
(BALB/c)

Mice
(C57BL/6)

Mice
(Nude)

Mice
(Tg/KO)

Rat
(Copenhagen)

Rabbit
(NZW)

Hamster
(SGH)

1143

1312

332

200

25

3

39

The animal house is currently maintaining and breeding following species and strains of animals.
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Lab. Animal ethics.

Mouse:

Defined breeding protocols, careful health
management, husbandry and standard operating
procedures are followed to ensure high quality and
purity of animals.

Mice strains:

A Four day intensive 2nd Orientation Workshop
on Laboratory Animal Sciences was held at Institute of
Life Sciences, Bhubaneswar, from 26th-29th April 2016 in
association with NISER,Bhubaneswar for research
scholars and students involved with research with
animals.

BALB/c, C57BL/6, C3H/OuJ, C3H/HeJ, CBA/N, CBA/CaJ,
IL-4 KO, IL-10 Ko, , FVB , FVB AT-ATX KO,B6-GFP
Tg,DBA/1,B6SJL,B6 MARCO-/-,B6 SRA-/-,MARCO.SRA-/-

Rat:
Rat strains: Copenhagen

Hamster:
Hamster strains: Syrian Golden Hamster

Images of ILS animal house facility
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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
1549 reference Books including Manuals and Protocols,
996 bound back volumes & 43 CD's. The Library is
currently subscribing 8 Print and 12 Online Journals,
besides 1171 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.

Open Source for You

Sl No.

Publisher

Journal (Online) Title

Web Address

1.

Oxford

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

2.

Oxford

Journal of Antimicrobial
Chemotherapy
Journal of Infectious Diseases

3.

BMJ

Journal of Medical Genetics

http://jmg.bmj.com/

4.

AALAS

Comparative Medicine

http://www.aalas.org/publications/index.aspx#cm

5.

NPG

Journal of Human Genetics

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

6.

Ovid/ LWW

Ear and Hearing

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

http://jid.oxfordjournals.org/
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7.

Science Direct

Intl. J. of Pediatric
Otorhinolaryngology

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

8.

Science Direct

Journal of Proteomics

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

9.

Science Direct

Journal of Clinical virology

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

10.

Ann. Rev. Inc.

AR Biochemistry

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

11.

Ann. Rev. Inc

AR Immunology

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

12.

Ann. Rev. Inc

AR Plant Biology

http://www.annualreviews.org/journal/arplant
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Central Instrumentation Facility
•

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

•

Leaf Porometer

•

Bio-plex suspension array system

•

Light cycler real time PCR

Chem Doc. System,

•

Lyophilizer

•

Confocal Microscope

•

Mass Spectrometed (MALDI-TOF/TOF)

•

FACS Aria (Flow Cytometer)

•

•

FACS (Caliber)

NanoLC Ultra 2D Plus system with EKSpot MALDI
Spotter

•

Fast protein liquid chromatography

•

Phosphor Imager

•

Fermenter / Bio reactor

•

•

FTIR

Programmable Micro injector and Micro
manipulator

•

Gas Chromatograph system

•

Real time PCR (Opticon-2)

•

Gel Doc System

•

Gel permeation chromatography(GPC)

•

Scanning Electron Microscope

•

Small animal In-vivo imaging system

Refrigerated Vacuum concentrator

•

Gene chip scanner micro array system

•

Genetic Analysis System

•

Ultra Microtome

•

Glass ware washer

•

Zebra Fish Facility

•

Helios Gene Gun System

•

Zeta sizer

SPR System
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Infectious Disease Biology Unit (IDBU) of ILS-IGH
The Infectious Disease Biology Unit (IDBU), a state of the art research facility at the premises of Ispat General Hospital
(IGH), Steel Authority of India Limited (SAIL) Rourkela, Odisha, was established by Institute of Life Sciences,
Bhubaneswar, with the support of Department of Biotechnology (DBT), Govt. of India, in November 2011. The primary
aim of IDBU is to facilitate the exchange of scientific knowledge between the Researchers & Scientists of ILS and
Clinicians & Researchers of IGH in various diseases and to foster thrust areas of infectious disease biology through
bilateral collaborations. Besides providing a unique platform to perform cutting-edge research on infectious diseases,
this facility is also involved in training college and university students on various research techniques that are involved
in life science and clinical research. Further, IDBU facility offers free diagnosis for malaria to all the patients coming to
IGH with febrile symptoms. Till now, nearly 5700 fever cases have been screened and found positive for malaria, and
these patients were treated in IGH with standard antimalarial medication.

Several studies are being carried out in this facility by ILS scientists and IGH doctors on malaria parasite biology, cancer
biology, immunology, molecular virology etc. This facility has been utilized by various national research institutions,
universities and colleges like Indian Institute of Science, Mizoram University, SCB Medical college, National Institute of
Malaria Research (NIMR), National Institute of Technology Rourkela and Rourkela Institute of Management Studies
(RIMS), LV Prasad EYE Institute etc., for conducting their studies. It is also involved in international projects of New
York University School of Medicine (NYUSoM), USA; London School of Hygiene and Tropical Medicine (LSHTM), UK;
Mahidol Oxford Research Unit (MORU), Bangkok, Thailand; Amsterdam Medical Center (AMC), NL; Michigan State
University (MSU). USA; Queen Elizabeth Hospital, Blantyre, Malawi, Africa; Pasture Institute, France; MRCP-UK;
Stockholm, Sweden; Oxford University, UK; and University of Nebraska, USA.
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Research Publications and Awards
•

Research Publications

•

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 (2016-17)
Staphylococcus haemolyticus isolated from variety
of infections in India. PLoS One 2016,
11(11):e0166193.

Original Articles
1.

2.

3.

4.

5.

6.

7.

8.

9.

Mukhopadhyay S, Thatoi PK, Pandey AD, Das BK,
Ravindran B, Bhattacharjee S, Mohapatra SK.
Transcriptomic meta-analysis reveals upregulation of gene expression functional in
osteoclast differentiation in human septic shock.
PLoS One. 2017 Feb 15;12(2):e0171689.

10.

Panda AK, Ravindran B, Das BK. CR1 exon
variants are associated with lowered CR1
expression and increased susceptibility to SLE in a
Plasmodium falciparum endemic population.
Lupus Sci Med. 2016 Nov 14;3(1):e00014.

Bhotra Tilothama, Das Moon Moon, Pal BB, Singh
DV. Genomic profile of antibiotic resistant,
classical ctxB positive Vibrio cholerae O1 biotype
El Tor isolated in 2003 and 2005 from Puri, India: a
retrospective study. Indian Journal of Medical
Microbiology, 2016, 34(4):462-470.

11.

Sengupta A, Ghosh S, Das BK, Panda A, Tripathy R,
Pied S, Ravindran B, Pathak S, Sharma S, Sonawat
HM. Host metabolic responses to Plasmodium
1
falciparum infections evaluated by H NMR
metabolomics. Mol Biosyst. 2016 Oct
18;12(11):3324-3332.

Jha G, Sahu PK, Panda S, Singh DV, Patole S,
Mohapatra H, Sarkar M. Synthesis, phytophysical
studies on some anthracene-based ionic liquids
and their application as biofilm inhibitors.
Chemistry Select 2017, 2:2426-2432.
DOI:10.1002/slct.201601964.

12.

Abimannan T, Peroumal D, Parida JR, Barik PK,
Padhan P, Devadas S. Oxidative stress modulates
the cytokine response of differentiated Th17 and
Th1 cells. Free Radic Biol Med. 2016 Aug
24;99:352-363.

13.

Peroumal D, Abimannan T, Tagirasa R, Parida JR,
Singh SK, Padhan P, Devadas S Inherent low Erk
and p38 activity reduce Fas Ligand expression and
degranulation in T helper 17 cells leading
toactivation inducedcell death resistance.
Oncotarget. 2016 Jul 28.

14.

Nayak TK#, Mamidi P#, Kumar A, Singh LP, Sahoo SS,
*
*
Chattopadhyay S ,Chattopadhyay S . Regulation of
V i ra l Re p l i c a t i o n , A p o p t o s i s a n d P ro Inflammatory Responses by 17-AAG during
Chikungunya Virus Infection in Macrophages.
Viruses. 2017 Jan 6;9(1). pii: E3. doi:
10.3390/v9010003. (#-Joint first author).

15.

Satpati S, Manohar K, Acharya N*, Dixit A.
Comparative molecular dynamics studies of
heterozygous open reading frames of DNA
polymerase eta (η) in pathogenic yeast Candida
albicans. Sci Rep. 2017 Jan 25;7:41087. doi:
10.1038/srep41087. (Joined corresponding
author).

16.

Ray R, Rai V*. Lysophosphatidic acid converts
monocytes into macrophages in both mice and
humans. Blood. 2017 Mar 2;129(9):1177-1183.
doi:10.1182/blood-2016-10-743757. Epub 2017
Jan 9. PubMed PMID: 28069607.

17.

Ojha N, Pradhan N, Singh S, Barla A, Shrivastava A,
Khatua P, Rai V*, Bose S. Evaluation of HDPE and
LDPE degradation by fungus, implemented by
statistical optimization. Sci Rep. 2017 Jan
4;7:39515. doi: 10.1038/srep39515. PubMed
PMID: 28051105; PubMed Central PMCID:
PMC5209683.

Dalko E, Tchitchek N, Pays L, Herbert F, Cazenave
PA, Ravindran B, Sharma S, Nataf S, Das B, Pied S.
Erythropoietin Levels Increase during Cerebral
Malaria and Correlate with Heme, Interleukin-10
and Tumor Necrosis Factor-Alpha in India. PLoS
One. 2016 Jul 21;11(7):e0158420.
Barman PK, Mukherjee R, Prusty BK, Suklabaidya
S, Senapati S, Ravindran B. Chitohexaose protects
against acetaminophen-induced hepatotoxicity in
mice. Cell Death Dis. 2016;12;7:e2224. doi:
10.1038/cddis.2016.131.
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. Infect Genet Evol.
2016 Sep;43:146-50.
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 cooperativity between TLRs
present in hematopoietic tissues and CD80
present on non-hematopoietic tissues in mice. Dis
Model Mech. 2016.1;9(6):707-17.
Das Moon Moon, Bhotra Tilothama, Zala
Dolatsingh, Singh DV. Phenotypic and genetic
characteristics of Vibrio cholerae O1 carrying
Haitian ctxB and attributes of classical and El Tor
biotypes isolated from Silvassa, India. Journal of
Medical Microbiology 2016, 65(8): 720-728.
Panda Sasmita, Jena Smrutiti, Sharma Savitri,
D h awa n B e n u , N a t h G o p a l , S i n gh DV .
Identification of novel sequence types among
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18.

19.

20.

21.

22.

23.

24.

25.

26.

Xue J, Manigrasso M, Scalabrin M, Rai V,
Reverdatto S, Burz DS, Fabris D,Schmidt AM,
Shekhtman A. Change in the Molecular
Dimension of a RAGE-LigandComplex Triggers
R AG E S i g n a l i n g . S t r u c t u re . 2 0 1 6 S e p
6 ; 2 4 ( 9 ) : 1 5 0 9 - 2 2 . d o i : 1 0 . 1 0 1 6 / j . s t r.
2016.06.021. Epub 2016 Aug 11. PubMed PMID:
27524199; PubMedCentral PMCID:
PMC5014727.
Tripathy A, Khanna S, Padhan P, Smita S, Raghav
S, Gupta B. Direct recognition of LPS drive TLR4
expressing CD8+T cell activation in patients with
rheumatoid arthritis. Sci Rep. 2017, 7: 933.
Sobel JA, Krier I, Andersin T, Raghav S, Canella D,
Gilardi F, Kalantzi AS, Rey G, Weger B, Gachon F,
Dal Peraro M, Hernandez N, Schibler U,
Deplancke B, Naef F; CycliX consortium.
Transcriptional regulatory logic of the diurnal
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2.

Suklabaidya S, Dash P, Senapati S. Pancreatic
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Book Chapters
1.

Narottam Acharya*, Kodavati Manohar,
Shreenath Nayak, Avishek Chatterjee and Amrita
Dalei (2016) DNA Polymerase: A putative drug
target against Candidiasis. Frontiers in Life

116

Padmanaban G, Nagaraj VA. Curcumin from
turmeric as an adjunct drug? In: Studies in
Natural Products Chemistry, Bioactive Natural
Products. Edited by Atta-ur-Rahman. 2017. [In
Press]
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Patents
Patents Filled
1.

Sahoo SK, Dilnawaz F, Singh A, Patro ARK (2016). An improved magnetic nanoparticle device. Application
No. 201631024913.

2.

S.K. Das (2016), A patent application has been filed on the title "Whole cell biosensor for the detection of
arsenic contamination in the drinking water". The patent number allotted by the Kolkata Patent Office to this
application is 201631017650 of 23.05.2016.

3.

Raghav SK, Acha-Orbea Hans, Ahad A, Smita S. (2017). Method to generate tolerogenic dendritic cells capable
of enhancing T regulatory cell development: application no-201731006590.
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Memberships/Honors/Awards/Fellowship

Dr. Vivek Rai
•

New York Science Academy, New York, USA
Indian Immunology Society, India American
Association of Immunologists, USA.

Dr. Sabarish V. Indran
•

Elected as a full member of Kansas State
University chapter of Sigma Xi- the Scientific
Research Honor Society, USA.

•

Dr. Punit Prasad
•

Member American Society of Microbiology,
USA.

Dr. PV Ramchander
•

PV Ramchander & Saurabh Priyadarshi. Best
Poster Award (1st Prize) awarded by 'The
Indian Society of Human Genetics' for the
presentation on "Understanding the Genetic
and Molecular Basis of Otosclerosis" (2016).

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).
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Ramalingaswami Fellowship 2016.

Dr. V. Arun Nagaraj
•

Dr. Subrata K Das
•

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

Received NAVDB Award for Outstanding
Contribution on Molecular Biology in 13th
Conference on Vector and Vector-Borne
Diseases, National Academy of Vector Borne
Diseases, 27th February-1st March 2017.

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.

Dr. Gulam Hussain Syed
•

Recipient of the Wellcome Trust/DBT India
Alliance Intermediate Fellowship 2016-2021

•

Life member of the Indian Virology Society
from 20th Feb 2017.
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Seminars delivered by visiting Scientists in ILS
(2016-17)
Sl.
No.
1

Name of
Invitee
Inumulu Jaya Bharati

Date of
Seminar
rd

23 February,
2017

2

Dr. Manoj Prasad

th

30 December
2016

Affiliation
United States-India
Educational
Foundation

Title of talk
Outreach programto provide
information on FulbrightNehru, other Fulbright, and
Fulbright-Kalam fellowship
opportunities for study,
research, teaching and
professional in the U.S.

Role of epigenetics and
National Institute of
Plant Genome Research, Tomato 26S Proteasome
Delhi
subunit RPT4a in providing
tolerance against plant
viruses

3

Dr. Joe Lutkenhaus

2nd December
2016

University of Kansas
Medical Center, USA

4

Dr. Sunish Radhakrishnan

22nd August,
2016

School of Biology, IISER, Topoisomerase IV activity in
Trivandrum
bacteria gets a redox switch

29th June, 2016

NII, Delhi

5

Dr. Sanjeev Das
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Assembly and activation of
the divisome in E. coli

Proteomics approaches to
understand tumor
suppressor function and
regulation
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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
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Conference / Symposium / Workshops / Meeting attended
and Invited talk / Oral Presentation by Scientists
Dr. Durg V Singh
•

•

Chaired a session on Drug Development and
Health Care in International Conference on
Current Trends in Biotechnology (ICCB-2016),
held at VIT University, Vellore from December 810, 2016.

Dr. Narottam Acharya·
•

•

th

Attended 12 Indo-Australian Biotechnology
Conference, conducted by ILS, BBSR from 7th- 9th
Aug. 2016.
An invited speaker in National conference on
Bioprospecting in Life Sciences Research for
Human Welfare" conducted by School of life
science, Sambalpur University from 24-26th Dec.,
2016.

Dr. Dileep Vasudevan
•

12th Indo-Australian Biotechnology Conference
held in Bhubaneswar from 07-09 August 2016.

•

Wellcome Trust Research Management and
Administration in India Workshop held in New
Delhi on 20 October 2016.

•

EMBO Conference on Bacterial Morphogenesis,
Survival and Virulence: Regulation in 4D held in
Thiruvananthapuram from 27 November - 01
December 2016.

•

6th Meeting of Asian Forum for Chromatin and
Chromosome Biology held in CCMB, Hyderabad
from 03-05 March 2017.

Dr. Tushar Kant Beuria
•

EMBO conference on Bacterial Morphogenesis,
survival and virulence: Regulation in 4D. 27th Nov
– 1st Dec, 2016, Thiruvananthauram, Kerala,
India.

Dr. Vivek Rai
•

•

Dr. Amol R. Suryawanshi
•

Participated in Symposium on Metabolomics and
Volatomics towards disease markers at NCCS,
Pune on May 16, 2016.

•

Pa r t i c i p a t e d i n Wo r k s h o p o n C a n c e r
Proteogenomics jointly organizing by Broad
Institute of MIT and Harvard University,
September 26-30, 2016 at RGCB,
Thiruvananthapuram, Kerala

•

Participated and delivered a talk in 8 Annual
meeting of Proteomic Society, India (PSI); 3rd
meeting of Asia Oceania Agricultural Proteomics
Organization (AOAPO) & International
Conference on Functional and Interaction
Proteomics: Application in Food and Health held
on December 14-17, 2016 at NIPGR, New Delhi

ICI 2016 International Congress of Immunology
2016 | 21-26 August, Melbourne, Australia

Dr. Sabarish V. Indran
12th Indo-Australian Biotechnology Conference
Biotechnology interventions in human health:
infection, immunity and inflammation held at
ILS, Bhubaneswar from August 7-9, 2016.

Dr. Subrata K Das
•

Attended 57th Annual Conference of Association
of Microbiologists of India and International
Symposium on Microbes and Biosphere and
delivered a talk on Exploration of Microbiome
for the Elucidation of Novel Metabolic Pathways
organized by Department of Botany, Gauhati
th
University Guwahati, Assam from 24-27
November.

•

Attended 6th Asian Chromatin Meeting 2017
held at CCMB, Hyderabad from 3rd-5th March
2017.

•

6th Annual Conference of Molecular Pathology
Association of India, at KIIT University from 10th
to 12th February, 2017. High-throughput
transcriptome analysis reveal differential
expression of epigenetic factors in myeloid cell
developmental stages. Subha Saha*1, Krushna
Chandra Murmu*1, Punit Prasad**1 *Joint
authors, **Co-responding author

•

12th Indo-Australian Biotechnology conference
held in Bhubaneswarfrom 07-09 August 2016

Dr. PV Ramchander
•

Delivered a talk entitled Genetic and
Molecular Basis of Hearing Impairment
at Center for Hearing and Deafness,
University at Buffalo-SUNY, USA on May 9,
2014.
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th

Dr. Punit Prasad

Dr. Rajeeb K. Swain
• The second Indian Zebrafish Investigators'
Meeting (iZIM), Alibaug, Maharastra (2nd to 5th
November, 2016).

12th Indo-Australian Biotechnology Conference
on Biotechnology interventions in human
health: infection, immunity and inflammation
organized by Indo-Austrian Biotechnology
Society & Institute of Life Sciences, Bhubaneswar
from 07-09, August, 2016.
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Hyderabad from 2nd-5th March-2017.

Dr. V. Arun Nagaraj

nd

•

Pathogens and Host Response , Systems
Immunology and Genetics of the Infectious
Diseases, 10th-12th August 2016, NII, New Delhi.
Invited as speaker.

•

Invited speaker at 2 International conference
on Translational research (ICTR-2016)
organized by KIIT, University in Bhubaneswar
th
th
from 14 -16 October 2016.

•

National Conference on Bioprospecting in Life
st
Sciences Research for Human Welfare & 41
Annual Conference of Orissa Botanical Society,
th
th
24 -26 December 2016, Sambalpur University,
Sambalpur. Invited as speaker.

•

Attended 12th Indo-Australian Biotechnology
th
th
conference held at Bhubaneswar from 7 -9
August 2016.

•

Invited lecture on Functional genomics and its
applications at workshop on Hands on training
o n a n a ly s i s o f b i o l o g i c a l d a t a u s i n g
computational tools at CIFA, Bhubaneswar on
9th July 2016.

•

Molecular Immunology Forum, 10th-11th March
2017, Organized by PGIMER and IMTECH,
Chandigarh. Invited as a speaker.

Dr. Soma Chattopadhyay
•

•

•

12th Indo-Australian Biotechnology Conference
Biotechnology interventions in human health:
infection, immunity and inflammation Venue:
The New Marrion Hotel, Bhubaneswar, 7-9th
August, 2016.
Virocon Conference, International Conference
on Global Perspectives in Virus Disease
Management held at IIHR, Bengaluru, from
December 8-10, 2016.
Molecular Virology Meeting which was held in
THSTI, Faridabad from 11-12 February, 2017.

Dr. Nrisingha Dey
•

International Symposium on Plant
Biotechnology and Crop Improvement at IIT
th
st
Guwahati, Assam on 20 and 21 January 2017

•

International symposium on Insight to plant
biology in modern era, Bose Institute, Kolkata;
February 8-10, 2017

•

20th ADNAT Convention International
Symposium on 'Genome Editing Technologies
and their Applications in Biology, Medicine and
Agriculture' 16th to 18th February 2017

•

National Seminar under UGC CAS SAP –II
th
program at Calcutta University on 29 March
2017

Dr. Sunil K. Raghav
•

•

•

Presented work at Molecular Immunology
Forum-2017 meeting held at Pachkula,
Chandigarh on 9th and 10th of March -2017.
Invited speaker at ADNAT-2017 organized by
KIIT, University in Bhubaneswar from 16th-18th
February 2017.

Dr. Gulam Hussain Syed
•

Attended the Indo-Australian Biotechnology
Conference from 7th – 9th Aug 2016.

•

Attended the Autophagy mini symposium held at
st
nd
ILS Bhubaneswar from 21 -22 Dec 2016

Attended Asian Chromatin meeting at CCMB
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Conferences/Workshops/Meetings attended by Students
Dr. B. Ravindran
•

•

Dr. Birendra Kumar Prusty, ISVIB student travel
grant award 2016 by of Indian Society for
Veterinary Immunology and Biotechnology in
recognition to research work at Annual
conference from 17th to 19th April 2017 at
Shirwal, Maharastra.
Dr. Birendra Kumar Prusty, Dr Rishendra Verma
Young Scientist award at 25th Veterinary
Congress from 8-9 April 2017, organized at
Indian Veterinary Research Institute, Izatnagar,
UP, India

•

Dr. Birendra Kumar Prusty, Best oral
presentation award at Odisha Bigyan O
Paribesha congress 4-5 Dec 2016, organized by
Odisha Bigyan Academy, Orissa University of
Agriculture & Technology, Bhubaneswar, Odisha,
India

•

Dr. B iren dra Ku ma r Pru st y, Keyston e
Scholarship: Keystone Symposia on Cell biology
and Immunology of persistent infection , 2016,
presented Oral and one poster entitled
Immunomodulation during chronic murine
malaria. Fairmont Springs Banff, Alberta,
Canada

•

Dr. Birendra Kumar Prusty, Graduate/Medical
Student Member, Federation of Clinical
Immunology Societies (FOCIS), WI, USA.

•

Dr. Birendra Kumar Prusty, Life member, Indian
Science Congress Association, Kolkata, India.

•

Dr. Birendra Kumar Prusty, Life member, Indian
Society for Veterinary Immunology and
Biotechnology, Tamilnadu, India.

Dr. Vivek Rai
•

Rashmi Ray - Indian Immunology Society, India

Dr. Subrata K Das
•

J Badhai. Biotech Research Society of India travel
grant to attend the XIII BRSI Convention and
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International Conference on Current Trends in
Biotechnology (ICCB-2016) held at Vellore,
Tamil Nadu from December 8-10, 2016.
•

J Badhai. SciGenome Research Foundation
Scholarship/Travel Award to attend the 2016
NextGen Genomics, Biology, Bioinformatics and
Technologies (NGBT) Conference held at
Cochin, Kerala from October 3-5, 2016.

•

J Badhai. Life membership of the Biotech
Research Society of India (LM 1917).

Dr. Amol R. Suryawanshi
•

Ms. Shilpa Swagatika Tripathy: Received PSI
Travel award for attending 8th Annual Meeting
of the Proteomics society, India and 3rd Meeting
of Asia Oceania Agricultural Proteomics
Organization held on December 14-17, 2016 at
New Delhi

Dr. Punit Prasad
•

Obtained third poster prize in 6th Annual
Conference of Molecular Pathology Association
of India, at KIIT University from 10th to 12th
February, 2017. High-throughput transcriptome
analysis reveal differential expression of
epigenetic factors in myeloid cell developmental
stages. Subha Saha*1, Krushna Chandra
Murmu*1, Punit Prasad**1 *Joint authors, **Coresponding author

•

Miss Jhinuk Base received CSIR-JRF fellowship.

Dr. Sunil K. Raghav
•

Best poster award to Mr. Abdul Ahad at 12th
Indo-Australian Biotechnology conference held
at Bhubaneswar from 7th-9th August 2016.

Dr. Nrisingha Dey
•

Society of Biological Chemists, India

•

Indian Immunology Society

•

Indian Society of Plant Physiology
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Different activities of ILS Foundation Day Celebration
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Conference / Workshops /
Meeting organized by ILS

Conference / Workshops Meeting
Organized by ILS
•

2nd Orientation Workshop on Laboratory Animal Sciences.

•

12 Indo-Australian Biotechnology Conference, ILS, BBSR

•

National Symposium and Workshop on Quantitative Proteomics
(NSWQP2017)

•

5 National workshop on Drug Design and Discovery-2017

th

th
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Workshop / Training / Meeting /Reports
2nd Orientation Workshop on Laboratory Animal Sciences

nd

A four day intensive 2 Orientation Workshop on
Laboratory Animal Sciences was held at Institute of Life
Sciences, Bhubaneswar, from 26th-29th April 2016
organized by ILS and NISER for research scholars and
students involved with research with animals.
Humane use of animals in research is not only a
legal and ethical obligation but is also necessary to do
quality science. The objective of this workshop was to
prime researchers with basic facts and principles that
are essential for the humane use and care of animals.
The contents of the workshop was designed to cover the
recommendations of the Committee for the purpose of
Control and Supervision of Experiment on Animals
(CPCSEA).
The workshop intended to provide orientation
and overview of animal care & use in relation to national
and international guidelines.

Replacement.
•

Animal welfare

•

Recognition of pain and distress

•

Statistics

•

Anaesthesia and Analgesia in Lab animals

•

Practical training (Hands on practice for
participants of workshop includes handling,
Identification methods, Sex determination of
animals, Sites of injection, sites for sample
collection, administration of medicines etc.)
Simulation based practical training

•

Biology and husbandry of laboratory animals

•

Genetic standardization

•

Behaviour and housing

•

Diseases of laboratory animals

No. of participants attended:34

•

Nutrition of laboratory animals

Contents

•

Alternatives to animal experiments

•

Introduction to laboratory animal science

•

•

Rules and regulations pertaining to animal use in
research as per CPCSEA

Ethical aspects of animal experimentation·
Euthanasia/humane endpoints

•

Behaviour, stress and well-being

•

Importance of 3 R's- Reduction, Refinement and

•

Analysis of a published paper.
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Workshop / Training / Meeting /Reports
12th Indo-Australian Biotechnology Conference, ILS, BBSR
(7th-9th, August, 2016)

The 12th Indo-Australian Biotechnology conference
was held in ILS, Bhubaneswar from 7th- 9th August, 2016.
th
The theme for the 12 Indo-Australian Biotechnology
conference was Biotechnology interventions in
human health:
Infection, immunity and
inflammation . The Indo-Australian Biotechnology
Conference was initiated in 2004 and is now held under
the aegis of the Indo-Australian Biotechnology Society.
This international conference is conducted in Australia
and India in alternate years and in 2016, it was jointly
conducted by Institute of Life Sciences, Bhubaneswar
and Queensland University of Technology. About 140
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researchers who were at various levels of their career
both from India and Australia had attended the meeting.
The conference had provided an excellent platform to
discuss recent advances in biotechnology research to
improve human health and many also developed
scientific collaborations. The conference was a great
success and many senior investigators, PhD students
and post-doctoral fellows in the field of infection,
immunity and inflammation were benefitted. It
continued to be a significant platform for dialogue
between Australian and Indian biomedical communities
for developing collaborative linkages.
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Workshop / Training / Meeting Reports
National Symposium and Workshop on Quantitative Proteomics (NSWQP2017)
(6th-10th, March, 2017)
Convener: Dr. Amol R. Suryawanshi

Quantitative proteomics with recent advancement has

scholars and young faculties working in the field of

emerged as an essential technique in biological research
as it gives identification and quantification of proteins

proteomics. Out of many applications received, total 15
participants from different part of India were shortlisted

using mass spectrometry based approach. It become

which included PhD Scholars and Young Scientists

more useful as it can be applied in various areas of
clinical and biological research. The National

/faculties from different reputed Research Institutes
and Universities. The 4-day long intensive workshop

Symposium and Workshop on Quantitative Proteomics

was consisting of two modules. First was gel based

(NSWQP2017) was conducted at Institute of Life
sciences, Bhubaneswar, Odisha, India from March 06-10,

quantitative proteomics approach conducted on day one
which include Demonstration of DIGE experiment and

2017. This included one day Symposium on Mar 06,

Gel analysis by Decyder software. It was followed by

2017 followed by a four day workshop from March 0710, 2017. This was supported by Proteomics Society-

second module called gel free approach which includes
Introduction to proteomics, Basics of mass

India (PSI), GE Healthcare and Sciex, India.

spectrometry, Workflow of a typical proteomics study,

The Symposium was mainly focused on the application
of High through put quantitative proteomics techniques
to different aspects of life sciences wherein several

Protein identification / quantification by Mass
Spectrometry (iTRAQ), 5800 MALDI TOF/TOF - A
working model of high resolution mass spectrometer

eminent invited speakers from different fields
presented their research work and share their
knowledge and experiences. Total 80 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.

and Tandem mass spectrometry data analysis wherein
main focus was to introduce, demonstrate and provide

The workshop was aimed to provide training to research
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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
proteomics users. Workshop concluded with
valedictory function by awarding a workshop
completion certificate to participants by chief guest,
Mementos as a token of appreciation to Instructors and
finally vote of thanks by convener.
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Workshop / Training / Meeting Reports
th

5 National workshop on Drug Design and Discovery-2017
(20th-23rd, March, 2017)
Convener: Dr. Anshuman Dixit

The fifth National workshop on Drug Design and
Discovery was organized at ILS from 20-23rd
March 2017. 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
18 participants which included Masters & PhD
students and faculties from various universities
attended the workshop.
Leading experts from different institutions such as
National Institute for Science Education and
Research (NISER), MANIT-Bhopal, IIT-Guwahati,
IIT-Bhubaneswar, TCS, University of Hyderabad,
and University of Patiala, etc. covered different
topics related with Biological network analysis,
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target identification, drug design, virtual
screening, pharmacophore modeling, protein
structure modeling, molecular docking, molecular
dynamics and force-field development. Hands on
training in using softwares such as Cytoscape,
Schrodinger, Modeller, Autodock, VMD, NAMD and
pymol were provided to the participants.
The experts also conducted training sessions
where the participants were trained through case
studies and an opportunity to learn with subject
ex p e r t s s o a s to d eve l o p a n i n - d e p t h
understanding of the modern drug discovery
research.
The workshop concluded on 23rd March with
distribution of certificates and thanks note from
Director.
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Hindi Pakhwada

On 26th April one-day workshop on Official Language Policy: Problems and Solutions held at IIT, Bhubaneswar. A five
days translation training program (ie. 13-17 June, 2016) was organized in collaboration with CSIR, IMMT,
Bhubaneswar by Official Language Implementation Committee, Bhubaneswar and Mr. Debabrata Goswami, Sr.
Stenographer was nominated for the program. We have also participated on the 59th NARAKASH meeting & seminar at
IIT, Bhubaneswar on 24th Aug, 2016. The Hindi Pakhwada was celebrated at ILS on 14th & 15th Sept, 2016. On 14th
Sept the events observed are Hindi dictation, translation & Quiz. On 15th Sept Bad-Vivad & the Ek-minute competitions
are also observed. After the competition cash prizes are distributed to the winners of different events. Joint Hindi
Scientific Seminar held at IOP, Bhubaneswar on 27th February 2017 in collaboration with ILS, IMMT, AIIMS, NISER
CIWA and CIFA. The seminar topic was "Role of Scientific & Technical Institutions in economic self- reliance".
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Foundation Day

Foundation Day oration delivered by Prof. Indira Nath

Dr. Trilochan Mohapatra, Secretary, Department of Agricultural Research and Education (DARE) and Director
General, Indian Council of Agricultural Research (ICAR) delivered the ILS Foundation Day Oration. His oration titled
'Science for Society' was open to public at large. It was held at Institute of Physic auditorium to accommodate a large
th
number of audiences on 17 February 2017. He interacted with faculty and students and distributed prizes to students
who had own awards for poster presentation during SAC meeting 2016 and ILS annual seminars.
th

The foundation day started with the traditional Rangoli competition on 11 February 2017. Dr Ajay Parida delivered
the Director's address on the occasion of the foundation day in which he highlighted the achievements and future
ambitions of the institute. 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
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International Women’s Day

Panel discussion on International Women's Day
Institute of Life Sciences organised a Panel discussion on International Women's Day . The theme of the
Women's Day for the year 2017 was Be Bold for Change . Based on this, the panel discussion was proposed to
focus around the theme focusing on Role of Women Scientists in Addressing Emerging Challenges .

Panelist for the event
1.

Dr. Sanghamitra Pati, Director, Regional Medical Research Centre, Bhubaneswar

2.

Dr. Archana Mukherjee, Director,Central Tuber Crops Research Institute, Bhubaneswar

3.

Dr. Jatinder Kishtwaria, Director,ICAR-Central institute for women in Agriculture,Bhubaneswar

4.

Prof.Sashmita Samanta, Registrar, KIIT University, Bhubaneswar

5.

Dr. Vidya Das, Director Agragamee, (NGO), Bhubaneswar

6.

Dr. Bijoya Mishra, Director MAMATA, (NGO), Bhubaneswar

7.

Dr. Prabhati Mohapatra, HOD, Zoology Dept, Utkal University,Bhubaneswar

The Panelists advocated for special initiatives such as flexi times and women friendly working environment
and incentives so as to attract and nurture women scientists for carrier development.They also emphasized that the
women scientists and policy makers need to play a major role in innovation and translation of scientific research to
reach the people at large.
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Science Outreach Programme

Science Outreach at ILS
Institute of Life Sciences, Bhubaneswar had started a science outreach programme in 2015 to familiarise school and
college students and their teachers with modern biological research activities. This year, for the first time, ILS
participated in the Ishan Vikash Scheme initiated by the Ministry of Human Resources Development (HRD), Govt. of
India. Thirty-seven students from three different northeastern states of India visited ILS for a day through this scheme.
These include students from Vivekananda Kendra Vidyalaya Kharsang, Arunachal Pradesh; Sainik School Goalpara,
Assam; Ming Mang Tribal HS, Assam and Govt. High School Tawipuri (South), Mizoram. We also participated in the UGCHRD programme for teachers from Colleges conduted by Utkal University, Bhubaneswar. Forty-two faculties teaching
BSc. courses trained at ILS for two days. These activities were conducted at ILS in addition to regular visits by school
and college students conducted throughout the year.

Inauguration and Dedication of the Science Outreach Center at ILS
Governor of Odisha, His Excellency Dr. S.C. Jamir inaugurated and dedicated the Science Outreach Centre of the Institute
st
of Life Sciences (ILS) on 1 March 2017.
In his address, Dr Jamir said that science and technology had been the driving force in the development of the society.
Science has enormous potential in achieving food, nutrition, health, environment and energy security. The challenge is
to convert research outputs from the laboratories into providing solutions for practical problems in a time-bound and
co-ordinated manner. He said that effective science outreach programme would help people understand science and its
role in society better.
The event was hosted by Dr Ajay Parida, Director, ILS and the speakers on the occasion included Dr SP Das, Director,
SVNIRTR, Olatpur; Shri VV Yadav, Secretary S&T, Govt. of Odisha; Dr M Munshi, Advisor, DBT, Govt. of India; Prof. AK Das,
Vice Chancellor, Utkal University, Bhubaneswar and Dr B. Ravindran, ILS. Eminent academicians, researchers and ILS
members attended the event.
The inauguration was followed by a lecture on the National Science day theme of Science and Technology for persons
with disabilities by Dr SP Das, Director, SVNIRTR, Olatpur. A poster competition on the same theme was also organized
in which students from colleges in Bhubaneswar participated.
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Union Minister Visit
Dr. Harsh Vardhan

ILS was honored to have Dr. Harsh Vardhan, Union Minister of Science and Technology and Earth Sciences, to
inaugurate the Research and Development Building, ILS. The students and scientists had an opportunity to interact
with him.
Dr. Harsh Vardhan is intracted with students of ILS. Dr. Vardhan took immense interest in the ongoing research works
in ILS.
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Forging Research Partnerships for
Societal Development

The ILS convened an interactive meeting on Forging Research Partnerships for Societal Development involving
Heads and Key Researchers from academic and research institutes from Bhubaneswar and Cuttack to interact and
exchange keynotes. The programme was conducted to promote basic and advanced research in the frontier areas of
science and technology. Various spheres and emerging areas of science was the key feature of the event. This was an
extremely sorted out approach of Institute of Life Sciences to foster interactions amongst scientists of various
disciplines and promote research for social developments.

CONDOLENCE

We deeply mourn the untimely demise of

Mr. Joyness Ningthoukhongjam
(Nov. 9, 1988 – May 3, 2017)
May God give him eternal rest and the family the strength to bear the great pain
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MOU’s with ILS

An MOU has been signed between ILS and Kalinga Institute of Industrial Training (KIIT) university to offer PhD
registration for ILS students and undertake collaborative research. The event took place on 17th February, 2017 in the
presence of Dr. Trilochan Mohapatra and Dr. S. R. Rao, Advisor, DBT between Dr. A. Parida, Director ILS and Dr.
Mrutyunjay Suar, Director KIIT School of Biotechnology.
Dr. Ajay Parida, Director of Institute of Life Sciences, Bhubaneswar and Dr. Dinabandhu Sahoo, Director of Institute of
Bioresources and Sustainable Development, Imphal signed an MOU on 24th January, 2017 to undertake joint
collaborative research and development programs. The collaboration aims for exchange of scientists and students and
capacity building of scientists of NE region in advanced biotechnology research.
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ILS welcomes Dr. Ajay Parida

Dr. Parida, a well known plant molecular biologist and a recipient of Padma Shri in 2014, joined ILS as the Director in
January, 2017. Making notable research contributions in the field of plant genetics, stress biology and agriculture
biotechnology, he has been involved in working with grass-root organizations and local communities in addressing the
issues affecting food and livelihood. Prior to joining ILS, Dr. Parida has served as Executive Director of M.S.
Swaminathan Research Foundation, Chennai.

Dr. B. Ravindran Retirement

A well known figure, Dr. Ravindran superannuated from the ILS in August 2016. He served as the Director of ILS from
April 2006 till his retirement. He oversaw the development of ILS which include construction of the new research
building, the outreach center and convention center (under construction). He was also instrumental in hiring most of
the research faculties in ILS. Under his able guidance ILS has state of the art infrastructural facilities, including
sophisticated scientific instruments, animal facilities, green house and computational facilities to name a few.
Presently he is an Emeritus Scientist at ILS and adjunct Professor at NISER.
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Administrative Officer

31. Mr. Biraja Prasad Samal

Stores & Pruchase Officer

32. Mr. Biswa Mohan Mishra

Accountant

33. Ms. Durgesh Nandini Kanungo

Assistant Librarian

34. Mr. Amitav Routray

Technical Officer-I

35. Mr. Sourajit Das

Jr. Instrumentation Engineer

36. Mr. Prana Krushna Das

Technician
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37. Mr. Prakash K. Sahoo

P.A. to Director

38. Mr. Krushna Ch. Sahoo

Lab. Technician

39. Mr. Paritosh Nath

Lab., Technician

40. Mr. Bhabani Sankar Sahoo

Lab. Technician

41. Mr. Satya S. Mohanty

Lab. Technician

42. Mr. Kinshuk C. Nayak

Lab. Technician

43. Mr. Debabrata Goswami

Senior Stenographer

44. Mr. Debendra Kumar Kar

Jr. Asst. cum Typist

45. Mr. Manudhar Behera

Office Assistant

46. Mr. Niranjan Parida

Driver (Spl. Grade)

47. Mr. Ramesh Chandra Sha

Tradesman

48. Mr. Bijay Kumar Rout

Tradesman

49. Mr. Sudhir Kumar Rout

Tradesman

50. Mr. Abhimanyu Biswal

Tradesman

51. Mr. Arikhsita Barik

Tradesman

52. Mr. Jatadhari Mallick

Tradesman

53. Mr. Madhusudan Nayak

Tradesman

54. Mr. Rajendra Kumar Behera

Finance & Accounts Officer

55. Mr. Samir Kumar Kar

Information Officer

56. Mr. Chakradhar Parhi

Asst. Engg (Elect.)

57. Mr. Narottam Nayak

Asst., Engg. (Civil)

58. Dr. Naga Jogayya Kothakota

Technical Officer

59. Mr. Kamal Kanta Bhuyan

Multi Skill Office Assistant

60. Mr. Debendra Nath Sahoo

Multi Skill Office Assistant

61. Mr. Dipti Ranjan Das

Multi Skill Office Assistant

62. Mr. Chitta Ranjan Jagadev

Multi Skill Office Assistant

63. Mr. Gouranga Parida

Technical Assistant

64. Mr. Akshaya Kumar Mohanty

Lab. Technician

65 Mr. Prabodha Kumar Behera

Electrician
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Research Scientist / Associates, Senior and
Junior Research Fellows
List of JRF/SRF
1. Diwakar Kumar Singh
2. Birendra Prusty
3. Shaifaly Parmar
4. Tilak Chandra
5. Amber Gupta
6. Sudhanshu Sekhar
7. Amol M. Kanampalliwar
8. Shifu Aggarwal
9. Moonmoon Das
10. Smrutiti Jena
11. Subhasmita Mohanty
12. Ravichandra Tagirasa
13. Soumya Sengupta
14. Gajendra Jogdand
15. Kanchan Kumari
16. Amita Gautam Ghadge
17. Sanoj K Naik
18. Madhu Krishna
19. Debasish Deb
20. Ankita Shrestha
21. Ahamed Khan
22. Snehalata Parida
23. Shayan Sarkar
24. Arundhati Halder
25. Kasturi Bala Nayak
26. Arundhati Das
26. Mobeen Sheik
27. Riya Sarkar
28. S.N.Rajashree
29. Deepika Singh
30. Aliva Prity Minz
31. Kodavati Manohar
32. Prashant R Khandagale
33. Shraddheya K. Patel
34. Abhishek Chatterjee
35. Rhitayu Chakraborty
36. Jhasketan Badhai
37. Sherin
38. K.D.Narayan
39. Rinchen Lepcha
40. Prabala Kumari
41. Sayantani Bhattacharjee
42. Atimukta Jha
43. Abdul Ahad
44. Shuchi Smita
45. Arup Ghosh
46. Gyan Prakash Mishra
47. Viplov Kumar Biswas
48. Abhishek Kumar
49. Mamidi Prabhudutta
50. Sameer Kumar
51. Tanuja Kumari
52. Sanchari Chatterjee
53. Kirtal Hansdah
54. Neha Singh
55. Pritha Biswas
56. Cyrus Alexander
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57. Sunanda Mallick
58. T. Ashoka Chary
59. Ravindra Kumar
60. Sugandh Kumar
61. Shaheerah Khan
62. S. Suresh
63. Sabindra Kumar Samal
64. Santanu Maji
65. Omprakash Shriwas
66. Sujit Suklabaidya
67. Sumit Jain
68. Biswajit Das
69. Praveen Barrodia
70. Supriya Borah
71. Sana Fatma
72. Ashish Kumar
73. Ajit Kumar Singh
74. Rajivgandhi S
75. Ruchir C. Bobde
76. Manas Kumar Jagdev
77. Rashmi Ray
78. Nitish Jangde
79. Kautilya Kumar Jena
80. Parej Nath
81. Rashmi Kanti Patel
82. Jayesh Kumar Sevak
83. Swarnaprava Pany
84. Sourav Ghosh
85. Aditya Anand
86. P. M.Vaisali
87. M. Chandana Shetty
88. Bharati Singh
89. Kokavalla Poornima
90. Mohd. Faraz Alam
91. Ruthu
92. Shilpa Swagatika Tripathy
93. Suchismita Behera
94. Krushna Chandra Murmu
95. Subha Saha
96. Jhinuk Basu
97. Anirudha Das
List of RA/ PDF/WOS
1. Dr. Fahima Dilnawaz
2. Dr. Chandana Mohanty
3. Dr. Neera Singh
4. Dr. Swati Chauhan
5. Dr. Sushil Kumar
6. Dr. Dipti Ranjan Mishra
7. Dr. Srinivasa Prasad Kolapalli
8. Dr. Binay Busan Panda
9. Dr Jawed Alam
10. Dr. Raj Kumar Patro
11. Dr. Debee Prasad Sahoo
12. Dr. Pabitra Mohan Behera
13. Dr. Subhash Mehto
14. Dr. Chinmayee Mohapatra
15. Ms. Pujarini Dash
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INSTITUTE OF LIFE SCIENCES, Bhubaneswar
Balance Sheet as on 31st March 2017
CAPITAL FUND AND LIABILITIES

Schedule

Current Year
2016-17
1,061,306,060.84
1,851,879.00

(Amount in Rs.)
Previous Year
2015-16
1,047,597,836.74
-

CAPITAL FUND
RESERVES AND SURPLUS

1
2

EARMARKED/ ENDOWMENT FUNDS

3

-

-

SECURED LOANS AND BORROWINGS

4

-

-

UNSECURED LOANS AND BORROWINGS

5

-

-

DEFERRED CREDIT LIABILITIES

6

-

-

7

83,009,879.11
1,146,167,818.95

67,058,107.02
1,114,655,943.76

FIXED ASSETS
CAPITAL WORK-IN PROGRESS
INVESTMENTS-FROM EARMARKED/ENDOWMENT FUNDS

8
8
9

727,538,998.72
285,251,311.00
-

739,731,019.16
94,542,000.00
-

INVESTMENTS-OTHERS

10

CURRENT LIABILITIES AND PROVISIONS
TOTAL
ASSETS

-

-

CURRENT ASSETS
(i) CASH AND BANK BALANCES

11

92,753,670.82

82,916,601.74

(ii) LOANS & ADVANCES

11

40,623,838.41

197,466,322.86

MISCELLANEOUS EXPENDITURE

-

-

(to the extent not written off or adjusted )
TOTAL

1,146,167,818.95

SIGNIFICANT ACCOUNTING POLICIES

25

CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS

26

As per our attached
report of even date

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: 14.07.2017
(Mr. R. K. Behera)
Finance & Accounts Officer

1,114,655,943.76

(Dr. Ajay Kumar Parida)
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 2017
(Amount in Rs.)
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
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 to Schedule8)
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-11 )
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

Previous Year
2015-16

12
13
14
15

305,586,646.00
333,710.00
-

302,450,689.32
183,030.00
-

16
17
18
19

4,402,782.00
3,962,672.00
314,285,810.00

7,175,927.00
4,503,366.15
314,313,012.47

20
21
22
23

81,903,332.50
150,947,049.98
70,576,734.08
109,175,068.00
1,269,342.75
413,871,527.31
(99,585,717.31)

64,826,408.50
144,985,289.20
66,720,905.50
111,854,390.93
375,202.10
388,762,196.23
(74,449,183.76)

4,402,782.00
26,857,247.09

7,175,927.00
15,841,124.00

24

(130,845,746.40)

(97,466,234.76)

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: 14.07.2017
(Mr. R. K. Behera)
Finance & Accounts Officer

Current Year
2016-17

(Dr. Ajay Kumar Parida)
Director

INSTITUTE OF LIFE SCIENCES

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