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Over the years, the Institute of Life Sciences (ILS) has performed advanced 

biotechnological research for the betterment of society. The major focus 

areas of ILS include cancer biology, infectious diseases, and plant and 

environmental biotechnology. The focus of our research initiatives is to 

enhance understanding of the intricate mechanisms regulating disease 

progression, diagnostics, and appropriate therapies, resulting in better 

disease management.
 
The past year has been challenging for research communities at large and 

ILS in particular. The COVID-19 pandemic has largely impacted the day-to-

day life and functioning of each individual. In Odisha, the surge in COVID-19 

cases resulted in many deaths. ILS, with major programs on infectious 

diseases, rose to the challenge of contributing to the diagnosis and research 

related to COVID-19. At the instance of the Government of Odisha, ILS set up 

a biosafety level-3 (BSL-3) facility in short time and started testing for 

COVID-19 using reverse transcription-polymerase chain reaction (RT-PCR) 
thfrom 14  April 2020. Using the samples provided by the Govt. of Odisha, ILS 

has tested more than 2.5 lakhs samples collected from 26 of the 30 districts 

of Odisha so far, thereby significantly augmenting the testing efforts of the 

state. This has been well appreciated by both the state and central 

governments, as well as the public at large. 

ILS started a focused research program in the field of genomics, immune-

profiling, microbiome analysis, and identification of drug candidates for 

therapeutic applications. As a part of a pan-Dept. of Biotechnology (DBT) 

consortium for sequencing 1,000 viral genomes, ILS contributed 248 SARS-

CoV2 sequences to the global database. ILS is now recognized as a regional 

sequencing centre for genomic surveillance efforts of the Govt. of India and 

is currently engaged in sequencing 5% of the positive cases from Odisha, 

Bihar, Chhattisgarh, and Jharkhand as a part of the Indian SARS-CoV2 

Genomic Consortia (INSACOG). The scientists of ILS have established and 

developed virus cultures of nearly 22 isolates, and ILS is one of the four 

laboratories in India that has all the four major clades reported in Odisha, as 

well as the recent viral cultures of mutant strains reported in India. These 

cultures will be important for furthering research and development related 

to COVID-19, particularly in the field of diagnosis and therapeutics. In the 

process, ILS established a biorepository of the important SARS-CoV2 strains 

isolated from patient samples. With the support from the Dept. of 

Biotechnology, the scope of the DBT-ILS biorepository has now been 

increased to include clinical samples from COVID-19 infected and non-

infected individuals. In a short period of time, the ILS biorepository has been 

able to gather blood, plasma, peripheral blood mononuclear cells (PBMCs), 

urine, and stool samples of as many as 400 individuals.
 
ILS has performed detailed studies on the immune profiles of symptomatic, 

asymptomatic, non-infected, and primary contact individuals and assessed 

their antibody titres and cytokine levels. To consolidate the various activities 

based on the expertise gained by ILS scientists, we are now establishing 

research platforms to support research and development in this important 

area. Drug screening and animal challenge study platforms are being 

established at ILS to cater to the needs of researchers, start-ups, and 

industries across the country, particularly in the eastern region of India. In 

the coming days, we sincerely hope that ILS will have significant experience 

and expertise in handling emerging infectious diseases and will contribute 

to the enhancement of surveillance, diagnosis, and disease management.

The lockdown, as well as restrictions in the movement and number of 

people allowed in the work places during the pandemic, significantly 

impacted the day-to-day research activities at ILS. Despite these 

restrictions, students and scientists at ILS put their best effort in furthering 

the research activities. The significant research achievements of different 

research groups at ILS are provided in this report, which highlight the 

outstanding contributions in basic and translational research. In the area of 

infectious disease biology, the research programs focused on pathogen 

biology, host response, and disease onset and progression at cellular and 

molecular levels, as well as identification of potential drug 

molecules/targets. In the area of cancer biology, a multi-disciplinary 

approach was used to identify novel strategies for combating various types 

of cancer e.g. oral, pancreatic, prostrate, and breast cancer and leukaemia. 

The researchers of this group are investigating new avenues for developing 

diagnostics, therapeutics, and preventative approaches for different 

cancers. The major focus of the plant and environmental biotechnology 

group has been on prospecting of novel genes, compounds, and organisms 

for development of site-specific research approaches. In addition, the 

research of this group has also focused on enhancing the productivity and 

profitability of the fragile ecosystems impacted by climate change and 

global warming using genomic tools. In the following pages, my colleagues 

have provided a detailed account of the research activities performed 

during the year, the results obtained, as well as the implications of those 

results. I compliment the dedicated and sincere efforts of all our faculties 

and researchers, as well as our technical and support staff, for their untiring 

efforts during the pandemic. The research studies at ILS have resulted in the 

publication of 53 peer reviewed high-quality articles in journals of 

international repute. In the last academic year, 9 students have obtained 

their doctorate degrees and 6 students have submitted their PhD theses. In 

addition, several faculties have been recognized and rewarded by national 

and international agencies and organizations for their seminal 

contributions.
 
While research at ILS is of utmost importance, equal emphasis was also 

placed on the translation of research findings for product development and 

commercialization. Three technologies have already been commercialized 

and few more are in the pipeline. To take the translation of research ideas to 

the next level, ILS has established a bioincubator for promoting 

entrepreneurship in the area of biotechnology. This bioincubator, 

established with support from DBT, Govt. of Odisha, and BIONEST of BIRAC, 

was inaugurated by the Hon'ble Chief Minister of Odisha, Shri. Naveen 
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thPatnaik, on 15  March 2021. The incubator, with more than 12,000 sq. ft. 

area, is now occupied by 12 incubates. We firmly believe that in the coming 

days, this bioincubator will provide employment and business opportunities 

for the younger generation. 
  

thThis year marks the 20  year that the Institute was taken over by the DBT, 

Govt. of India. On the foundation day, the Hon'ble Union Minister for Science 

and Technology, Dr. Harsh Vardhan, while gracing the occasion as the chief 

guest, complimented the scientists and students of ILS for high-quality 

scientific research performed during the last few years, laid the foundation 

stone for the Animal Biosafety Level 3 laboratory, and inaugurated the DBT-

ILS biorepository. On this occasion, the Hon'ble Union Minister Shri. 

Dharmendra Pradhan, while appreciating the scientific work of ILS, 

requested the science and technology minister to consider establishing a 

Centre for Excellence on Marine Biotechnology, and this proposal has now 

been accepted. I personally express my sincere gratitude to both the 

ministers.
 
ILS has consciously attempted to take technology to the people for 

contributing towards overall enhancement of lives and livelihoods, 

especially those of the tribal communities and socially marginalized 

populations. Various activities focusing on agriculture, natural resource 

management, water conservation, nutritional improvement, and skill and 

technology development are among the many initiatives undertaken that 

has resulted in economic development of as many as 1,000 tribal farming 

families.  As a long-term initiative, ILS has established a processing unit for 

medicinal and aromatic plants at Tigiria, benefiting a large number of 

farmers and encouraging communities for cultivation of these plants. 

Similarly, ILS has established a sal (Shorea robusta) leaf plate-making unit in 

Nabarangpur, benefiting a large number of tribal women by augmenting 

their income. The ILS flagship program on Tribal Health and Nutrition, aimed 

at comprehensive understanding based on an omics approach, has made 

significant progress, and during the year, samples were collected from 

Nabarangpur and Keonjhar for 9 major and 6 minor tribes despite the 

pandemic.

 ILS strongly believes in forging partnerships for research programs that can 

contribute to broader research agenda. In this endeavour, ILS has developed 

partnerships with local institutions and universities for strengthening a 

research, development, and innovation ecosystem in Odisha. A proposal for 

the establishment of an URJIT CLUSTER has been submitted to the DBT, 

involving as many as 11 research institutions and universities and 2 

incubators. We hope that this initiative will transform the research and 

development framework for better coordination and collaboration among 

the institutions for addressing location-specific research agenda. In a similar 

line, ILS has established the ILS-IBSD partnership centre for training and 

capacity building of scientists and researchers in the north-east of India in 

the field of advanced biotechnology. In the long run, this program will 

connect the east and north-east in terms of research, and appropriate 

technology development and dissemination. Taking a step forward, ILS and 

IBSD are jointly coordinating a research network for the Himalayan 

Bioresources Mission of the DBT. Both initiatives were launched by the 
thHon'ble Science and Technology Minister, Dr. Harsh Vardhan, on 18  

February 2021.

Despite the pandemic, I am sure that the readers will find the research 

findings provided in this report significant and worthwhile. My sincere 

thanks and appreciation to Team ILS for their sincere and dedicated 

contribution, which are scientifically rewarding and socially relevant. I wish 

to express my sincere gratitude to Dr. Renu Swarup, Secretary, DBT, Govt. of 

India, and Chairperson, Governing Body, ILS, for her constant support, 

advice, and encouragement. I am also grateful to the Chairman and 

members of the Scientific Advisory Committee, ILS and other statutory 

committees for their support and guidance from time to time. This year's 

Annual Report has been compiled by a committee comprising Dr. Mamoni 

Dash, Dr. Amaresh Panda, Dr. Ansuman Dixit, Dr. Naga Jogayya.K, and Dr. D. 

Pradhan. My sincere appreciation for their painstaking efforts.    
     

Dr. Ajay Parida
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Odisha has the second largest tribal population, accounting for 

approximately 8% of India's tribal community. As per the Odisha 

Gazette Notification, Odisha has 62 recognized tribes, 13 of which 

are primitive tribal groups. These tribal groups are mainly 

concentrated in the western regions of the state, which are 

characterized by high level of natural resources, including 

bioresources. Owing to low level of literacy and the difficult terrain 

of their habitat, these populations are not in contact with the 

mainstream population and face major challenges in terms of 

food, nutrition, and health security. 

The Indian tribal population is highly endogamous and therefore 

represent genetically isolated populations. Owing to the 

unavailability of nutritious food at these extreme locations, these 

populations display high level of malnutrition. Therefore, the 

flagship program of the Institute of Life Sciences (ILS) was designed 

to understand the interaction of host genetics with the gut 

microbiome and linking them to the environmental and associated 

factors. In addition, this study aims at understanding the immune 

competence and other factors that define the healthy and disease-

predisposed population in the state.
 

The ILS program on tribal health and nutrition has the overall goal 

of providing a comprehensive outcome via.
 

lIdentification of potential locally used bioresources,

lUnderstanding host genomic diversity and differentiation,

lLinking of immune-metabolic variations to prevalent disease,

lUnderstanding gut microbiome diversity and their contribution 

to/or influence on human nutrition and diseases, in ethnically 

distinct, well differentiated, and geographically distributed tribal 

populations in Odisha.

A. Subject recruitment and sample collection

During the last year, sample collection from different tribal regions 

was considerably affected due to the COVID-19 pandemic. 

However, we collected samples from approximately 360 

individuals, representing 9 major and 6 minor tribal groups, from 

Nabarangapur and Keonjhar districts. Combining them with the 

earlier samples collected from Sundargarh and the urban location 

of Bhubaneswar, ILS has so far collected over 1,000 samples for 

further analysis. All samples were collected with prior approval of 

the institute's Human Ethics Committee and the state Health 

Department, and after obtaining prior informed consent from the 

selected individuals.
   
The anthropometric data, along with biochemical analysis 

(complete blood count, serum lipid, liver, kidney, thyroid, and 

electrolyte profile), were recorded for all the individuals from 

whom blood and fecal samples were collected in a specially 

designed database.

DBT-ILS FLAGSHIP PROGRAM

B. Genomic Profiling 

For the genomic studies, we performed both whole genome and 

exome sequencing of the peripheral blood mononuclear cells 

(PBMCs) isolated from the blood samples collected from the 

individuals. The DNA sequencing libraries were pooled 

(maintaining minimum 30 coverage) and sequenced using the 

NovaSeq platform. Bioinformatics analysis for raw data, quality 

control, alignments, variant calling, and population stratification 

were performed for the collected samples. The sequencing results 

showed more than 30 coverage and the variants were obtained 

using GATK4 best practices. The sequenced data were analysed for 

genotypic study to understand the population structure based on 

autosomal single nucleotide variants. The preliminary results 

suggested that the Dum and Oraon population showed less 

haemoglobin content, which might have a genetic basis. Further 

studies in larger cohorts will substantiate this hypothesis. 

Furthermore, our analysis showed that socially isolated groups 

such as Dum are genetically different from the other hunter-

gatherer population groups. Some individuals in the Munda 

community showed similar mitochondrial chromosomal 

haplogroups, suggesting South-East Asian ancestry of these 

groups.
 
C. Immune Profiling 

PBMCs, plasma, and serum were isolated from the collected 

samples for analysing the immune profiles. The biochemical 

profiles and results of pathogen testing were combined with those 

of immune phenotyping. The blood samples were screened first 

using Enzyme-Linked Immunosorbent Assay (ELISA) and 

subsequently using Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR) to identify the pathogens for dengue, 

chikungunya, Japanese encephalitis, and malaria. The results of 

immune phenotyping revealed an activated innate immune 

system, which is indicative of low-grade infection with or without 

inflammation. Similarly, the urban population showed higher 

number of naive T-cells, indicating that their adaptive immune 

system was not activated. The biochemical parameters in the 

blood did not suggest any overt or underlying disease states, 

including diabetes, hypertension, arthritis, or asthma, which 

might indicate hyper immune status. The analysis also revealed 

higher Th2/Th1 and Th2/Th17 ratios, indicating the existence of 

allergenic and tolerance mechanisms to viral infection in most 

tribal groups. In addition, higher Tregs in all populations, except for 

in the Chamar tribes, indicated that the immune system of these 

tribes were capable of handling low-grade infections. 

Most of the samples analyzed showed higher prevalence of 

dengue, among which dengue-1 was the most common serotype. 

A large number of individuals had previous exposure to the 

Japanese encephalitis virus in the sample cohorts in most sampled 

DBT-ILS FLAGSHIP PROGRAM
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areas. The tribal populations screened for the presence of 

chikungunya virus (ChickV) antibodies and viruses showed lower 

seropositivity and RT-PCR positivity, indicating that these 

populations are more immune to viral infections than the urban 

population.
 
D. Microbiome Profiling
 
The tribal populations are ethnically and geographically isolated 

groups with unique lifestyle and social structure, who use the local 

knowledge base for nutrition and remedies. Hence, they represent 

a unique population group, studying the gut microbiome of which 

is critical. Dependence on forest products for food, use of 

fermented food products, negligible antibiotic consumption, and 

the unique ecosystem contributes to the gut microbiome of the 

tribal communities. As information regarding this aspect is 

negligible, the present study will be the first of its kind and will 

provide significant information of practical use. 

We have collected stool samples from selected individuals and 

processed these samples for 16S rRNA sequencing using the 

Oxford Nanopore MinIon device at the sequencing facility at ILS. 

The quality of the resultant sequence was assessed, filtered, and 

multiplexed. Firsta5 files were used for base calling and generation 

of FASTQ files. The metadata of all the samples were categorised 

based on different locations. The common operational taxonomic 

units (OTUs) were prepared for all barcoded samples. The 

differential OTU classification of different locations was performed 

using the deSeq2 software. The analysis yielded 72 differential and 

significant OTUs, with threshold of adjusted p-value < 0.01, and 

identified OTUs that are differentially present in the populations 

screened. 

During these studies, we have identified novel microorganisms, 

which can be utilized for isolating probiotics. We have identified 20 

bacterial isolates (Gram-positive and catalase-negative) based on 

their preliminary morphological differences and colony 

characteristics on solid nutrient media. The results of 16S rRNA 

sequencing revealed that most of these belong to the genus 

Lactobacillus. The probiotic characterization was performed per 

the ICMR/DBT guidelines. The acid and bile tests showed that the 

isolates had various degrees of tolerance. Antibiotic sensitivity test 

suggested that these isolates were sensitive to various antibiotics. 

In addition, assays for assessing adhesion to intestinal epithelial 

cells, milk coagulation ability, and potential antifungal activity were 

performed to establish their probiotic attributes. Based on these 

analyses, one of the isolates (F14) was selected as a potential 

probiotic candidate to study its anti-Salmonella activity in a 

C57BL/6 mouse model. Animal experiments to evaluate the 

effectiveness of this isolate alone and/or in combination with other 

isolates against small animals are underway. We strongly believe 

that this probiotic is responsible for the better immune response of 

the tribal populations of Odisha. 
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DBT-ILS SOCIETAL DEVELOPMENT PROGRAMS
Socio-Economic Development of Tribal Communities

Despite inhabiting biodiverse regions rich in natural resources, 

tribal people face numerous challenges in terms of food, health, 

and nutrition security. Lack of adequate knowledge, skill, and 

capacity in adopting advanced technologies has been considered 

one of the major factors contributing to this problem. Based on 

development indices, the Niti Ayog, Govt. of India, has identified as 

many as 10 districts in Odisha as aspirational districts. Therefore, 

scientific interventions are required for improving the economic 

conditions of the populations residing in these identified districts.    

The Institute of Life Sciences, Bhubaneswar, has been 

implementing several interventions aimed at empowerment of 

tribal farming communities of Nabarangapur district since the last 

three years. These initiatives are supported by the Department of 

Biotechnology, Govt. of India, Rashtriya Krishi Vikas Yojana (RKVY), 

and the Govt. of Odisha. These programs are being implemented in 

partnership with ICMR-RMRC and KISS Deemed-to-be University, 

Bhubaneswar, and 10 other ICAR, CSIR, and ICMR institutions 

located in Odisha. In addition, ILS is also undertaking societal 

development projects in the Tigiria block of Cuttack district with 

support from the National Academy of Sciences (NASI), Prayagraj.

The interventions include:
 
lDeveloping integrated farming systems (IFS) with integration of 

fisheries, horticulture, poultry, and goatary with crop-based 

activities.

lPromoting low water-requiring crops in lands that are not fertile, 

with focus on cultivation of medicinal and aromatic plants that 

produce essential oil such as lemongrass, palmarosa, and mentha.

lEducating communities about health and nutrition, and 

establishment of nutrition gardens and backyard poultry for 

nutritional security and dietary diversification.

lProviding technological and skill empowerment, focusing on on-

farm, off-farm, and non-farm interventions. 

Integrated Farming Systems

Declining land holding in the Indian context poses a serious 

challenge to the stability, sustainability, productivity, and 

profitability of farming systems. Hence, it is essential to develop 

strategies and agricultural technologies that will generate adequate 

employment and income, specifically for the small and marginal 

farmers. A shift from crop and cropping system-based research to 

farming system-based research in a holistic manner is essential for 

proper management of available resources by small farmers. Owing 

to the gradual shrinking of land holding, it is necessary to integrate 

land-based enterprises such as fishery, poultry, duckery, apiary, and 

cultivation of horticultural crops. ILS has provided training, quality 

fingerlings, and feed to 200 farmers in Nabarangpur district and 50 

farming families in Tigiria to start fish farming. Through regular 

monitoring, we are ensuring that this intervention is sustained in 

the long run. Similarly, 176 households have received support for 

starting poultry farming in the form of training and supply of 

vaccinated chicks and feed until the chickens start laying eggs. Fifty 

families have been given 250 goats and training for establishing 

goataries.

Cultivation of Aromatic Plants and Production of Essential 
Oils

Water is scarce in many hilly areas, as it is only available for a short 

period during the monsoon season. We have supported farmers 

having marginal land underutilized for crop cultivation because of 

lack of assured water supply. Cultivation of low water-requiring 

medicinal and aromatic plants were introduced in these locations 

by providing farmers adequate exposure and training, as well as by 

supplying them with planting material for lemongrass, palmarosa, 

and mentha. A village level training centre is being established at 

Tigiria, where an essential oil extraction distillery has also been 

installed for ensuring local level processing of the produces. This 

has resulted in lot of enthusiasm among local farming 

communities, as it will add to their income via the production of 

essential oils.

Health and Nutrition Literacy

One of the easiest ways of ensuring access to a healthy diet that 

contains adequate macro- and micronutrients is to produce 

different kinds of food in the home garden. This is especially 

important in rural areas where people have limited income-earning 

opportunities and poor access to markets. Home gardens are also 

becoming an increasingly important source of food and income for 

poor households. It is also important to inform communities about 

dietary diversification and nutrition. Hence, ILS has partnered with 

ICMR-RMRC to develop a health and nutrition communication 

strategy in Odia, to establish nutrition gardens at homes and 

residential schools, and survey the health and nutrition status of 

children, pregnant women, and lactating mothers. We have helped 

500 families and 48 residential schools in establishing nutrition 

gardens.

Skill Empowerment Activities

We have been focusing on empowering the members of women 

self-help groups (WSHG) with income generation skills. We have 

trained and provided raw materials to 65 WSHG members for 

starting mushroom cultivation. Fifty WSHG members are engaged 

in leaf platemaking using sewing machines and plate pressing 

machines. With our support, 15 WSHG members have been 

producing phenyl, dish washing solution, and liquid hand wash. 
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Corona virus disease-19 (COVID-19), caused by the severe acute 

respiratory syndrome corona virus-2 (SARS - CoV2), has emerged as 

a global pandemic that has also affected India. In Odisha, the 

pandemic has wrought devastation and the infected patients 

showed varied symptoms, leading to hospitalization due to the 

many complications associated with the disease.

In response to this pandemic, the Institute of Life Sciences (ILS) rose 

to the occasion and actively formulated a research agenda. As 

infectious disease is one of the core research areas in ILS; hence, the 

institute rapidly initiated several research initiatives regarding 

COVID-19. The following sections provide a brief account of the 

various research initiatives undertaken by the ILS. 

A. COVID-19 Testing 

A dedicated Biosafety Level-3 (BSL-3) facility was under 

construction at ILS, and the process of completion and 

commissioning of this facility was hastened to meet the 

requirements for COVID testing. The newly built BSL-3 facility has an 

operational area of nearly 1,400 sq. ft., with dedicated and exclusive 

power supply units where negative pressure is maintained. It was 

rapidly commissioned with all required infrastructure and 

equipment. It is also equipped with the necessary protocols for the 

disposal of biomedical waste material.
 
COVID testing was initiated at ILS at the instance of the Department 

of Health and Family Welfare of the Govt. of Odisha. With due 

approval of the Department of Biotechnology (DBT), Govt. of India, 

and the Indian Council of Medical Research (ICMR), ILS initiated 

COVID testing of patient samples received from the Govt. of Odisha 
thon 14  April 2020. With the dedicated efforts of the staff and 

students, more than 2.5 lakhs samples have been tested using 

reverse transcription-polymerase chain reaction (RT-PCR) so far 

and more than 20,000 positive cases have been reported. This 

initiative of ILS has been well appreciated by all concerned. 

B. Genomic Studies
   
Genomic studies at ILS was undertaken as a part of a pan-DBT 

consortium of 1,000 viral genome sequencing project. As a part of 

this study, ILS performed whole genome sequencing of 225 clinical 

strains from Odisha. We used ARTIC primer-based amplicon 

sequencing to profile 225 SARS-CoV2 genomes. Phylogenetic 

analysis revealed the presence of five reported clades (19A, 19B, 

20A, 20B, and 20C) in the analysed samples. Our detailed analysis 

highlighted that Europe and South East Asia could possibly be the 

major routes for introduction of the disease in India and that 

subsequently, clade 19B became more prevalent than the other 

genomes in India due to local transmission. We have also shown 

that 19A and 19B were mostly reported in the samples collected 

during March and April 2020, while the clades 20A and 20B 

appeared subsequently. We reported marginal occurrence of clade 

20C (four samples only), which subsequently disappeared and was 

not reported in India by any other scientific group. Furthermore, we 

reported the prevalence of mutations P4715L, F942F, D614G, and 

241C>T (in the 5 UTR) in the spike protein. Molecular modelling and 

docking analysis showed that the D614G mutation enhanced the 

affinity of the  S1-S2 hinge region of the spike protein with 

TMPRSS2 protease, resulting in increased virus shedding.
 
In December 2020, with the emergence of the UK variant strain, the 

Govt. of India initiated a genomic surveillance program in the 

country to monitor the appearance of new mutations in the 

country. Under the umbrella of Indian SARS-CoV-2 Genomic 

Consortia (INSACOG), ten laboratories in the country, including ILS, 

were identified to perform large-scale genome sequencing of 

COVID-19-positive samples. ILS is currently involved in sequencing 

5% of the positive samples from Odisha, Bihar, Chhattisgarh, and 

Jharkhand. So far, ILS has analysed the genomes from > 6,000 

samples from these four states. Our analysis revealed the 

occurrence of the UK variant, as well as that of B.1.617.2, during 

December 2020 and March-April 2021, respectively. The latter 

strain was considerably more infectious and transmissible in the 

population. This study is underway and we hope that this will lead 

to identification of new mutants and variants, leading to better 

management and control of the disease.
 
During the last few months the number of cases that are 

reinfections of earlier COVID-positive cases, as well as those who 

were vaccinated, have increased. We have collected samples from 
stindividuals with reinfection and those infected after receiving 1  

ndand 2  dose of vaccination of both COVAXIN and COVISHIELD. We 

are sequencing the viral genome in these individuals to identify 

changes, if any, in their genome and determine the probable reason 

of infection. 

C. Establishing Virus Cultures

As ILS has access to COVID-positive samples and genomic 

information, we initiated isolation and culture of viral samples that 

can be used by academicians and industries for furthering research 

and development efforts for COVID-19. The viral cultures were 

initiated for 17 virus strains isolated from reported clades (19A, 

19B, 20A, and 20B). These cultures were established in BSL-3 and 

each culture was followed up to 10 passages, establishing their 

reproducibility and stability. The genomes of these established 

virus cultures were sequenced, which revealed that the genomic 

characteristics of the cultured viruses had not changed. The 17 

virus cultures belong to clade 19A (5 isolates), 19B (3 isolates), 20A 

(5 isolates), and 20B (4 isolates). In addition, along with the recently 

reported mutant strains, we have established cultures for the UK 

variant, as well as the B.1.617.1, B.1.617.2, and B.1.617.3 isolates. 

These virus cultures can be used in academic research, drug 

discovery, vaccine development, and efficacy studies. For example, 

these cultures have been used by ILS scientists for several ongoing 

research activities, such as for screening of potential drug 

molecules and formulations.

D. Immune Profiling 

The response to COVID-19 varies among individuals. Depending on 

their level of immunity, the infectivity rate and clinical 

manifestations vary from person to person, indicating that the 
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genetic differences among individuals and the mutations in SARS-

CoV2 strains contribute to these variations. Scientists at ILS have 

studied the immune response for understanding COVID-19 

transmission and pathogenesis, including why some individuals 

tend to develop severe disease symptoms more than others.
 
We have performed immunological analysis of symptomatic, 

asymptomatic, primary contact, and control (uninfected) 

individuals to understand the immune response to SARS-CoV2 

infection. In this study we characterised antibody titres of SARS-

CoV2, surrogate virus neutralization efficacy, cytokine levels, and 

single cell profiles of 61 individuals (18 females and 43 males) 

among symptomatic and asymptomatic patients and controls. We 

observed that individuals who had come in contact with an infected 

person had higher levels of IgA, IgM, and IgG, and that symptomatic 

patients showed higher levels of the three antibodies than 

asymptotic patients. This study showed that direct contacts of an 

infected patient developed elevated neutralizing antibody titres 

and cytokine levels. Furthermore, data from single cell analysis 

revealed differential usage of V(D)J genes and unique BCR clone 

types, which impart protective immune signature.
 
We are currently performing similar studies to understand the 

immunological changes in patients with severe, mild, and low 

symptoms in response to the presence of other comorbid factors. 

For this purpose, we are collaborating with COVID hospitals in 

Cuttack and Bhubaneswar.

E. Microbiome Diversity

An increasing body of evidence has established the role of gut 

microbiota in modulating various disease phenotypes, including 

those of respiratory diseases. Therefore, we decided to study the 

oral, nasal, and gut microbiome  of patients with COVID-19 to 

understand the role of microbiome in disease pathophysiology. We 

have performed 16S rRNA sequencing of 80 samples that included 

48 nasopharyngeal samples from COVID-19-positive patients, 17 

oropharyngeal negative/control samples, 3 oropharyngeal COVID-

19-positive samples, and 12 stool samples. Our preliminary data 

showed distinct clusters of operational taxonomic units (OTUs) in 

principal coordinate analysis. We are currently including more 

samples for comprehensively understanding the microbiome 

diversity with respect to COVID-19 infections. 

In a related study, we have attempted to establish the routes of 

transmission for determining the rate and extent of the spread of 

the disease. We obtained experimental evidence regarding the 

faecal dissemination of the SARS-CoV2 genome from 12 patients 

from a COVID hospital, indicating that sanitary and hygienic 

measures have to be improved in the containment areas. It also 

suggested that the clinicians and health workers should be cautious 

and take appropriate measures to avoid the possible transmission 

of the virus via excreta.

F. Biorepository

ILS has established a biorepository to collect, process, store, and 

disseminate well-characterized clinical specimens and the 

associated de-identified health information of COVID-19-infected 

and control individuals to qualified researchers for undertaking a 

wide range of biochemical studies. This facility was inaugurated by 

Dr. Harsh Vardhan, Hon'ble Union Minister of Science and 
thTechnology, Govt. of India, on 18  February 2021. The purpose of 

establishing the biorepository was to assist in characterizing the 

basic pathophysiology of the disease and its clinical outcomes, as 

well as for developing diagnostic kits, therapeutics, and vaccines. In 

addition, ILS has also developed isolates and cultures of SARS-CoV2 

belonging to different clades and the recent mutant strains. These 

are being maintained and characterized in the biorepository.

The ILS biorepository has been established in a dedicated and well 

furnished room where all necessary equipment has been installed. 

A well designed database is in place for storing, indexing, and 

distributing the clinical samples to interested researchers. As per 

the Govt. of India guidelines, an oversight committee, a 

biorepository management committee, and a public engagement 

committee has been constituted to monitor the management of 

the biorepository. 

After obtaining prior approval from the Govt. of Odisha, clinical 

samples were collected from the COVID hospitals with appropriate 

ethical clearance from the ILS Human Ethical Committee. We have 

established linkages with Ashwini Hospital, Cuttack, KIMS Hospital, 

Bhubaneswar, TATA COVID Hospital, Berhampur, and Jajpur, and 

Aditya Care Hospital, Bhubaneswar.  So far, ILS has collected 

oropharyngeal/nasopharyngeal swabs, blood, urine, and stool 

samples from 202 COVID-19 patients and 50 non-infected 

individuals during the first wave of COVID-19 (from November 

2020 to February 2021). We have collected similar number of 

samples during the second wave of COVID-19. The clinical samples 

were collected from COVID-positive patients within 23 days of their 

hospitalization and after 910 days; subsequently, follow-up 

samples were collected from selected patients 12 months after 

recovery. The collected blood samples were processed to obtain 

serum, plasma, and peripheral blood mononuclear cells (PBMCs). 

So far, selected samples have been provided to 5 research 

institutions and 2 start-up companies. In addition, studies on 

immunobiology, microbiome profiling, and drug screening have 

been performed at ILS. We hope that in future, the ILS 

biorepository will support many research initiatives on COVID-19 

diagnostics and therapy. 
 
G. Development of Animal Challenge Platform

Animal challenge studies are important for studying the 

transmission of diseases, understanding pathogenesis, and 

evaluating the potential of therapeutics and putative vaccine and 

antiviral drug candidates. Globally, two popular models have been 

effectively used for animal challenge studies, the Syrian hamster 

and transgenic AC2 mice. ILS has established both models for 

evaluation of drug molecules and vaccine candidates. With support 

from BIRAC, a national level animal BSL-3 (ABSL-3) facility has been 

established for small animal breeding, rearing, and conducting 

COVID-19 related experiments.

We have performed animal infection studies with one virus isolate 

to confirm its infectivity in vivo. Analysis of clinical parameters and 

tissue samples showed pathophysiological manifestation of SARS-

CoV2 infection similar to that reported earlier in COVID patients 

and Hamsters infected with other isolates. We are currently 

breeding the Hamsters and raising appropriate number of animals 
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for providing services to interested developers of vaccines and 

drugs. We have also established a K18-h ACE2 transgenic mice 

colony at our animal house, which will be eventually used in 

preclinical evaluation of drug and vaccine candidates against SARS-

CoV2. This facility will be operated on a fee-for-service mode or on 

a partnership mode.

H. COVID Therapeutics 

The symptoms of COVID-19 generally overlap with those of various 

other diseases. While vaccines are an important intervention for 

addressing the challenges associated with COVID-19, other 

therapeutic advancements can be effectively used for 

management of this disease. The scientists at ILS are focusing on 

two major approaches. The first one includes identification and 

validation of therapeutic compounds and formulations from 

medicinal plants based on traditional knowledge regarding their 

use. Under a DBT-AYUSH-supported network, ILS, in partnership 

with RPRC, Bhubaneswar, and KISS University, Bhubaneswar, has 

investigated the bioactive fractions and compositions from several 

medicinal plants known for their antiviral properties. Several 

promising isolates have been identified from these plants that 

significantly inhibit the proliferation of SARS-CoV2. The second 

approach includes screening of Food and Drug Administration-

approved drug libraries using bioinformatics tools for identification 

of potential drug candidates. In addition, screening of other 

compound libraries is also being attempted to identify potential 

SARC-CoV2 inhibiting molecules.

The drug screening platform at ILS is also available for potential 

users from academia and industry for nonclinical evaluation of 

antiviral activity in vitro on a service mode. The services offered 

include cytotoxicity assay, and determination of IC50 and 

therapeutic indices. ILS will also initiate studies on antiviral activity 

in in vivo systems in a collaborative mode. So far, 35 external users 

across the country, representing academia, industries, and start-

ups, have utilized this platform. 

The research efforts at ILS in these challenging times was possible 

due to the untiring efforts of the ILS scientists, students, and staff. 

The advancements made at ILS are promising, and the platforms 

established at ILS, including the ILS biorepository, are committed to 

provide services to interested researchers from academia, industry, 

and start-ups. 
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DBT- ILS  EXTERNAL INDEPENDENT REVIEW

As per the mandate of the autonomous institutions under the 

administrative control of the Dept. of Biotechnology, the Institute 

of Life Sciences (ILS) has undertaken an independent external 

review to assess the progress made by the institution during the 

last five years (from 2015-16 to 2019-20). The committee 

reviewed the scope of ongoing research and its alignment with 

the stated vision, mission, and goals. The committee was also 

mandated to review the scientific progress in terms of the quality 

of science, its relevance, and measurable impact during the last 5 

years. The committee also reviewed the nature and extent of 

national and international collaborations, as well as contributions 

towards human resource development. Furthermore, the 

committee recommended future priority areas of research for the 

next 10 years based on area of competence and possibility for 

internal as well as national and international collaborations.
 
The committee was chaired by Prof. G. Padmanaban, Former 

Director, Indian Institute of Science, Bangalore. The other 

members of the committee included Prof. J. K. Batra from Jamia 

Humdard, Delhi; Dr. Madhu Dikshit, THSTI, Delhi; Dr. Bidyut 

Sharmah, AAU, Jorhat; Prof. S. K. Batra, University of Nebraska 

Medical Centre, Omaha, USA; Prof. Anandhi Upendran, University 

of Missouri, USA. 

The committee had several rounds of discussion with the ILS 

faculties based on a detailed documentation that was prepared 

for the review, which provided details of the work performed by 

the faculties during the last 5 years.  Structured discussions were 

organized in the three thematic ILS focus areas i.e. Cancer Biology,  

Infectious Diseases, and Plant and Environmental Biotechnology.
 
The committee, based on the review of the progress made, have 

observed the following: 

lThe research carried out at ILS is based on high quality science 

and domain expertise.

lThe record of publication in the last five years is very good.

lEfforts at translation of research are commendable.

lGreater interaction among faculties is evident.

lInterdisciplinary institutional programs with border societal 

goals are noteworthy.

lPartnership and collaboration particularly at local level is 

exemplary.

The committee has specifically complimented ILS's involvement 

in the COVID-19 pandemic, which augmented the testing efforts 

of the Govt. of Odisha. The committee also noted that ILS has 

performed significant research on COVID-19, resulting in the 

establishment of research platforms for antiviral drug screening, 

immune assay system, and animal challenge studies. The 

committee considers these initiatives as significant achievements 

of ILS for furthering future research in infectious diseases in the 

country, particularly in the eastern region. 

The committee also noted that the flagship program of ILS, 

focusing on tribal health and nutrition, is a unique initiative 

combining high-quality omics research and societal issues, which 

may contribute significantly to the health and nutrition outcomes 

of the tribal population. The committee also appreciated the 

establ ishment  of  the b io incubator  for  promoting 

entrepreneurship in the state and region. Similarly, the 

partnerships developed by ILS are commendable. 

Overall, the external review committee has found the 

performance of ILS to be significant; ILS has taken giant strides in 

the last 34 years to become one of the top DBT-funded institutions 

in the country. While recommending the future focus, the 

committee suggested that the institution needs to establish 

effective collaborations and partnerships with clinicians and 

hospitals. They also suggested strengthening of plant science 

research groups, as well as initiation of new specializations in the 

areas of systems biology and epigenetics. The committee strongly 

recommended that space and human resources should be 

expanded, both in terms of faculties and support staffs.

The review committee was highly satisfied with the inputs and 

documentation provided by the faculties, and the detailed 

presentations enabled the committee to assess the institute's 

progress. The committee felt that ILS has contributed significantly 

during the last 5 years and has effectively combined basic and 

applied research, translational research and product 

development, and outreach and socially relevant initiatives.
 
With these achievements and promise for future research, the 

committee strongly felt that ILS has the potential to 

conceptualize, develop, and implement research programs of 

national and global significance. 
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Focus of the lab

The key prerequisites of any proliferating cell include efficient 

replication, repair, and maintenance of its genome, for which it 

requires the concerted action of multiple DNA polymerases (Pol). 

DNA polymerases are the enzymes required for DNA synthesis in all 

DNA transaction pathways; therefore malfunctioning or absence of 

any of these leads to pathophysiological disorders in human. 

Multiple cancer-associated single nucleotide polymorphisms 

(SNPs) have been mapped to human Pols; therefore, understanding 

the function of eukaryotic Pols in the cellular context is one of our 

research areas of interest. Genomic plasticity in certain organisms 

has been shown to be critical for adaptation, evolution, and 

pathogenicity. The pathogenic yeast, Candida albicans, is one such 

organism that lives in the human host as a commensal. Candidiasis 

due to Candida species mostly depends on a fine balance between 

the virulence of fungi, neighbouring microbes, and the immune 

status of the host. On one hand, we are investigating the benefits of 

Candida species to the host, and on the other hand, we are studying 

the mechanisms underlying Candida pathogenesis. As DNA 

replication is an essential biological process, it is an obvious choice 

for the development of antifungal and cancer therapeutic drug 

targets. 

Research Activities

Human DNA polymerase delta; structural organisation and 
function.

Recruitment of DNA polymerase to the replisome by the DNA 

clamp, proliferating cell nuclear antigen (PCNA), is an essential step 

in DNA synthesis. Most of the PCNA-interacting proteins contain a 

short sequence known as the PIP motif, which fits perfectly in the 

hydrophobic pocket of PCNA and stabilizes the interaction. PCNA 

being a trimeric ring, has the added advantage of recruiting at least 

three proteins simultaneously during DNA transaction. DNA 

polymerases of X and Y families possess one or two PIP motifs, while 

multimeric replicative DNA polymerases possess one PIP motif in 

each subunit. Two recent cryo-EM structures suggested that 

binding of one PIP motif of a DNA polymerase to one interdomain 

connecting loop IDCL of PCNA is sufficient for DNA synthesis. The 

other two IDCLs of PCNA can bind to other binding partners to 

facilitate the tool-belt model of DNA replication. Considering the 

evidence so far, we suggest two possible modes of DNA polymerase 

positioning on PCNA involving either two or one PIP motifs (Figure 

1). In two-state positioning, first either the PIP motif of an accessory 

subunit of multimeric DNA polymerase or the C-terminal PIP motif 

of a monomeric DNA polymerase binds to PCNA and helps in 

tethering it to the replisome. This can be considered as “carrier 

state” positioning, as the DNA polymerase does not access the 

primer-template junction. In the second step, rearrangement of the 

replisome facilitates the binding of the PIP motif to the catalytic 

subunit of the multimeric DNA polymerase or the PIP motif situated 

close to the catalytic domain of monomeric DNA polymerase to 

PCNA. This can be considered as the “active state” positioning of a 

DNA polymerase and is required for DNA synthesis.
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Role of DNA Polymerases in C. albicans pathogenesis.

The recent COVID 19 pandemic in India has seen the emergence of 

fungal infections. Several deaths have been reported due to 

secondary infection by fungal pathogens such as Mucorales and 

Candida sp. As patients with SARS-CoV2 infection undergo long-

term treatment with antibiotics and steroids, a peptidoglycan 

storm leads to excessive growth of fungi and causes sepsis in vital 

organs, which is responsible for death. Owing to the limited 

availability of antifungals, management of fungal infections has 

become challenging. Surprisingly, vaccines against fungal 
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pathogens have not been approved so far. Therefore, our aims are 

to screen a library of compounds that can be repurposed for 

fungal infections and to design a live attenuated fungal strain that 

can be used further to develop a vaccine. As mentioned in study-I, 

PCNA is an essential protein for DNA replication. We have tested 

the antifungal potential of two small molecule inhibitors, T2AA 

and PCNAI1, which are known to bind to human PCNA and inhibit 

cell proliferation. We found that while T2AA binds weakly, PCNAI1 

does not interact with C. albicans PCNA (CaPCNA). Accordingly, 

both the inhibitors did not inhibit the growth of Candida even at 

millimolar concentrations. Determination of the structure of 

CaPCNA revealed that the hydrophobic pocket of CaPCNA 

contains a small and a large cavity, which may be responsible for 

the weak binding of T2AA. This also suggests that inhibitor binding 

to CaPCNA is highly specific and that it may not bind to human 

PCNA. Furthermore, several C. albicans knockouts strains have 

been developed for designing vaccines and their pathogenic 

potential in animal models are being tested (Figure 2). 
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Fig.1: DNA polymerase positioning on PCNA involving either two or one 
PIP motifs.
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Fig.2: PCNA-interacting proteins contain a short sequence known as the 
PIP motif, which fits perfectly in the hydrophobic pocket of PCNA and 
stabilizes the interaction.
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Molecular Virology

Focus of the lab

Chikungunya virus (CHIKV) causes self-limiting febrile illness, which 

often progresses to severe chronic incapacitating polyarthralgia. 

CHIKV is highly prevalent in India and is an impending global human 

health hazard owing to the lack of vaccines and specific antivirals so 

far. Our group aims to understand CHIKV biology by defining the 

functions of the non-structural proteins (non-structural protein-1-

4) of CHIKV during replication, identifying the cellular proteins 

required for viral life cycle, and understanding the molecular 

mechanism of disease progression and pathogenesis, and develop 

anti-viral molecules. These will ultimately help us to identify the 

crucial viral and host proteins that can serve as targets to develop 

appropriate control strategies. Furthermore, our group is also 

exploring the cause and clinical severity related to CHIKV - Dengue 

co-infection through identification of the host factors that are 

modulated during  DENV-CHIKV co-infection.

Research Activities

Role of MK2 and MK3 during CHIKV infection.

Genesis of the study: CHIKV epidemics worldwide have created 

public health concern owing to the unavailability of effective drugs 

and vaccines. This emphasizes the urgency for understanding the 

molecular biology of host-virus interactions, which will assist in 

developing effective targeted antivirals.

Past research leads: Microarray analysis was performed using 

CHIKV strain (prototype and Indian)-infected Vero cells and 

modulations in host gene expression were analysed. Several genes 

were upregulated and downregulated after viral infections. Two 

host isozymes, MK2 and MK3, were selected for further analysis. 

Silencing of MK2 and MK3 abrogated CHIKV progeny release from 

the host cell by 58%, and treatment with a MK2 activation (a) 

inhibitor (CMPD1) resulted in 68% inhibition of viral infection in 

vitro, indicating that these host factors are essential for CHIKV 

infection. 

Current year's progress: Gene silencing and drug treatment were 

performed to confirm the role of MK2/MK3 in CHIKV infection in 

vivo. Compared to that of the control, treatment of C57BL/6 mice 

with the MK2 activation (a) inhibitor, CMPD1, reduced the viral copy 

number and disease score and improved survivability. In addition, 

reduction in the expression of key pro-inflammatory mediators, 

such as CXCL13, RAGE, FGF, and MMP9, and increase in HGF (a 

CHIKV infection recovery marker) was observed, indicating the 

effectiveness of this drug against CHIKV. Furthermore, CMPD1 

inhibited the later phases of CHIKV infection. This was additionally 

supported by the fact that the intracellular viral titre of CMPD1-

treated CHIKV-infected cells was more than that of the control 

infected cells. In addition, CMPD1 abrogated viral progeny release 

by blocking lamellipodium formation. This was probably due to the 

modulation of cofilin, a key host factor involved in the actin 

remodelling pathway. Additionally, CMPD1 also inhibited herpes 

simplex virus 1 (HSV1) and severe acute respiratory syndrome 

(SARS) CoV2-19 infection in vitro. Taken together, we proposed that 

MK2 and MK3 are crucial host factors for CHIKV infection and can be 

Dr. Soma Chattopadhyay
Principal Investigator

Collaborators

• Dr. M.M. Parida, DRDO, Gwalior

• Dr. Subhasis Chattopadhyay, NISER, Khurdha

• Dr. Archana Ghatak, KIIT University, Bhubaneswar

• Dr. Prasanta Maiti, Imgenex India, Bhubaneswar

• Dr. B.B Subudhi, SOA University, Bhubaneswar

• Dr. Sujatha Sunil, ICGEB, New Delhi

• Dr. Amol Suryawanshi, ILS, Bhubaneswar

• Dr. Anshuman Dixit, ILS, Bhubaneswar 

• Dr. Dileep Vasudevan, ILS, Bhubaneswar

• Dr. Shantibhusan Senapati, ILS, Bhubaneswar

• Dr. Sunil Raghav, ILS, Bhubaneswar

• Dr. Rupesh Dash, ILS, Bhubaneswar

• Dr. Punit Prasad, ILS, Bhubaneswar

• Dr. Santosh Chauhan, ILS, Bhubaneswar

• Dr. B. Ravindran, ILS, Bhubaneswar

• Dr. Ajay Parida, ILS, Bhubaneswar

• Dr. Rajeeb Swain, ILS, Bhubaneswar

• Dr. Tushar Beuria, ILS, Bhubaneswar

Research Associates/Women Scientists/N-PDFs 

• Dr. M.Prabhudutta

Senior Research Fellows

• Miss. Sanchari Chatterjee

• Mr. Saikat De

• Miss. Ankita Datey

• Miss. Eshna Laha

Junior Research Fellows 

• Miss. Amrita Ray Parida

• Miss. Supriya Suman Keshry

• Miss. Soumyajit Ghosh

Laboratory  Technician

• Mrs. Sagarika Muduli 

• Mrs. Santoshini Dash

5

INFECTIOUS DISEASE BIOLOGY



 Current research progress: In the current study, we observed that 

TM can interfere in the early and late stages of CHIKV life cycle and 

was effective in pre and post-treatment assays. Furthermore, an 

agonist of the AT1 receptor and antagonist of PPARγ was found to 

increase CHIKV infection, suggesting that the anti-viral effect of TM 

can be mediated via these host factors. We also demonstrated that 

TM inhibited the CHIKV induced-inflammatory responses via the 

MAPK pathway. Furthermore, at the human equivalent dose, TM 

abrogated CHIKV infection and inflammation in vivo, leading to 

reduction in clinical score and complete survival of C57BL/6 mice. 

Importantly, TM was able to reduce infection in human peripheral 

blood mononuclear cell (PBMC)-derived monocyte-macrophage 

populations in vitro. Taken together, we concluded that TM can 

reduce CHIKV infection by interfering at multiple levels of its life 

cycle and by modulating different host factor. 

Future plans: Considering its safety and in vivo efficacy, TM can be 

developed as a suitable candidate for repurposing against CHIKV.

considered as key targets for developing effective anti-CHIKV 

strategies in future.We wish to investigate the interaction of viral 

proteins with MK2-MK3 and understand the functional significance 

of this interaction. This can also be used for translational 

application in future. 

Telmisartan restricts CHIKV infection in vitro and in vivo via 
the AT1/ PPARγ/MAPKs pathways.

Genesis of the study: CHIKV is a mosquito-transmitted virus that 

has re-emerged as a global public health threat, necessitating the 

need for effective therapeutics. The inflammatory pathways of RAS 

and PPARγ are usually involved in the progress of viral infections. 

Thus, the activity of telmisartan (TM) against CHIKV, known to block 

the AT1 receptor and activate PPARγ, was investigated in vitro and 

in vivo. 

Past research leads: Interestingly, TM abrogated CHIKV infection 

efficiently with an IC  of 15.34 µM and 20.89 µM in the Vero and 50

Raw264.7 cells, respectively. TM also considerably reduced the viral 

RNA and protein levels. 

Fig. 1.  CMPD1 blocks actin polymerisation, which is modulated by CHIKV for releasing its progeny. Vero cells were infected with the IS strain (0.1 MOI); then, 

50 µM of CMPD1 was added to the cells and incubated for 18 hpi. (A) Bright field images (20 magnification) showing the cytopathic effect after CHIKV 

infection with or without CMPD1 treatment (50 μM). (B) Western blot analysis showing the expressions of nsP2, pMK2, MK3, cofilin and p-cofilin. GAPDH 

was used as the loading control. (C) Bar graphs showing the relative fold change in viral and host protein expression with respect to DMSO control. (D) 

Confocal microscopy images showing the levels of E2 and phalloidin during CHIKV infection.
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Fig. 2. Efficient inhibition of CHIKV infection in mice: C57/BL6 mice were 
7infected subcutaneously with 10  PFU of CHIKV-PS and treated with 10 

mg/kg TM at every 12 h interval up to 4 or 5 days post-infection (dpi). Mice 

were sacrificed at 5 dpi, and serum and different tissues were collected for 

further downstream experiments. Equal volumes of sera were used to 

isolate viral RNA. cDNA was synthesised from equal volumes of viral RNA 

and the E1 gene was amplified using qRT-PCR. CHIKV copy number was 

obtained from standard curve of the Ct value. (A) Image of CHIKV-infected 

and drug-treated mice. (B) Bar diagram showing CHIKV copy number/mL 

in infected and drug-treated mice sera. (C) Whole RNA was isolated from 

the CHIKV-infected and drug-treated samples, and the CHIKV E1 gene was 

amplified using qRT- PCR. Bar diagram showing the fold change in viral 

RNA in infected and drug-treated samples. (D)  Western blot showing the 

viral E2 protein in different tissue samples. Actin was used as the loading 

control. (E) Bar diagram showing the relative band intensities of E2 in 

infected and drug-treated samples from different tissues.  All bar 

diagrams were obtained using the Graph pad prism software (n=3) and 

p ≤  0.05 was considered statistically significant. (F) (a) Image showing 

the haematoxylin-eosin stained muscles. (b) Image showing CHIKV-E2 

stained muscles. (G) Survival curve showing the efficacy of TM against 

CHIKV-infected C57/BL6 mice (n=6/group). (H) Line diagram showing the 

symptoms of CHIKV infection, which was monitored from 1 to 8 dpi. (I, J 

and K). Line diagrams indicating the concentrations of different cytokines 

(IP-10, MIP1-b, KC, IL-6, IL-12, RANTES, GM-CSF, TNF-α) in mock, infected 

and drug-treated mice sera.
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Research Activities

Role of the Min system in bacterial division and motility.

Cell division in bacteria is a highly controlled and regulated process. 

FtsZ, a bacterial cytoskeletal protein forms the skeleton of a ring like 

structure known as the Z-ring at the mid-cell and recruits other cell 

division protein. There are at least two dozens of proteins that are 

known to involve in the Z-ring formation. A successful division of 

bacteria requires the correct positioning of the Z-ring. The 

placement of the Z-ring to the mid-cell is guided by the nucleoid 

occlusion factor (NOC) and the Min system. NOC inhibits the 

formation of Z-ring above the nucleoid, whereas the Min system 

oscillated between both the poles and inhibits formation of the Z-

ring at the poles. The Min system, comprising of MinC, MinD, and 

MinE proteins. MinD and MinE proteins are essential for Min 

oscillation, whereas, MinC interacts with MinD and thus oscillates 

along with them. MinC is a Z-ring assembly inhibitor that interacts 

with FtsZ and destabilizes FtsZ polymers and thus destabilizes the 

Z-ring formation at poles. The presence of MinD enhances the 

inhibitory effects of MinC by several folds. In the absence of Min 

system, Z-rings can form at the poles and divide the cells 

asymmetrically to produce a bigger cell containing both the 

nucleoids and a small cell containing no nucleoid. These cells are 

known as minicells (Figure 1) The interaction of the Min-system 

with FtsZ is well known. Recent studies indicate that Min proteins 

may play important roles in bacterial motility, colony formation, 

and even bacterial pathogenesis. However, the functions of the 

Min system in other cellular processes is not well known. In our 

recent study, we have shown that MinD interacts with proteins 

participating in diverse cellular processes such as protein 

secretion, chaperoning, and bacterial adhesion. We have also 

shown that the Min system is important for bacterial motility. Our 

current focus is to understand the role of the Min system in other 

cellular processes.

Understanding the role of the toxin-antitoxin (TA) system 

during persister formation in bacteria.

During bacterial persistence, a small bacterial population either 

becomes dormant or grows slowly, which endows them with the 

ability to withstand different stresses. Under diseased condition, 

bacterial persistence often leads to long-term infections, which 

increases the time and cost of treatment. Several other studies 

have indicated that persistence leads to the emergence of resistant 

Focus of the lab

Bacteria divide extremely rapidly. FtsZ, a conserved prokaryotic 

cytoskeletal protein and a homolog of tubulin, assembles at the 

mid-cell and initiates the division process. It recruits several other 

cell division proteins sequentially to the mid-cell to form a ring-

shaped dynamic complex called the divisome, which is also known 

as the Z-ring. The Z-ring constricts and divides cells into two 

identical daughter cells (Fig. 1). The placement of the divisome 

complex at the mid-cell is guided by two systems, namely, the 

nucleoid occlusion and Min systems. Furthermore, during cell 

division, the old cell wall is replaced by the new cell wall. Thus, 

hydrolysis of peptidoglycans and synthesis of the new cell wall 

during the cell division must occur in a regulated manner. The 

coordination between Z-ring constriction and cell wall hydrolysis 

and formation is not completely understood. In Escherichia coli, 

the septal PG hydrolysis is regulated by the FtsEX protein complex, 

which is a homolog of ABC transporters. Our lab aims to understand 

the assembly of the divisome complex and its coordination with 

new cell wall formation, and to identify the inhibitors of bacterial 

division.

8
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strains. Under laboratory conditions, the persistent phenotype in 

bacteria is enriched in nutritionally deprived environments. 

Similarly, in batch culture, the late stationary phase is enriched 

with persistent bacteria. The mechanism underlying the formation 

persister cells is not well understood. Several studies have 

indicated that TA systems are responsible for bacterial persistence. 

Rifampicin is an antibiotic that is used to treat highly persistent 

bacterial strains. In this study we characterized the interaction 

between rifampicin and the MazEF TA system. We found that the 

Fig. 2. Live-dead staining of bacteria. Live-dead staining of E. coli at log 

phase (6 h), death phase (72 h), and after kanamycin treatment.

9

population of bacteria in the death phase of a batch culture mainly 

consists of metabolically inactive live cells resembling persisters 

(Figure 2). We also observed increase in the expression of the 

MazEF TA modules in this phase. As rifampicin is used to kill 

persisters, we assessed the interaction of rifampicin with the MazEF 

complex. We showed that rifampicin moderately interacts with 

MazEF complex in 1:1 stoichiometry. Our study suggests that the 

interaction of rifampicin with MazEF complex might play an 

important role in the inhibition of persisters. 

Fig. 1. Wild type and min deficient bacteria.
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Research Activities

Small angle X-ray scattering (SAXS) analysis of 
recombinant Arabidopsis thaliana ClpC1.

The caseinolytic chaperones act as molecular gates that control 

substrate access and recognize specific substrates with or without 

the help of adaptor proteins, following which they unfold and 

translocate them into the associated protease core for 

degradation. The barrel-shaped tetradecameric protease core 

houses the catalytic site where the substrate polypeptides are 

cleaved into smaller peptides.  The diversity of the Clp chaperones 

is higher in plants than in any other organism. In Arabidopsis, Clp 

chaperones of the ClpC (ClpC1 and ClpC2) and ClpD subtypes 

localize in the chloroplasts and associate with the ClpPR 

proteolytic core. Herein, the chaperone forms a hexameric ring 

structure with the protease, which functions as a tetradecameric 

double ring. The adaptor proteins, namely ClpS1 and ClpF, 

associate with the Clp chaperones and aid in substrate recognition. 

Our previous crystallographic efforts have shown the structural 

differences between the N-terminal domains (NTDs) of ClpC1/C2 

and ClpD from A. thaliana. Our study explained why only ClpC1 and 

ClpC2, and not ClpD, associated with the adaptor proteins, ClpS1 

and ClpF. Furthermore, we wanted to express recombinant forms 

of these chaperones, purify them to homogeneity, prepare the 

functional hexameric forms, and characterize them using 

structural biology techniques. The mature full-length AtClpC1 

(residues 39929) is not expressed in a bacterial system. Hence, the 

online server for protein disorder prediction, PrDOS, was used to 

analyze the AtClpC1 sequence. Based on this analysis and upon 

comparison with bacterial ClpC protein sequences, an N-

terminally truncated stretch covering residues 94 to 929 of 

AtClpC1 was selected for expression and further characterization. 

The purified recombinant AtClpC1 formed a hexamer in the 

presence of 2 mM each of ATP and MgCl  SAXS was used to study 2.

the hexamer. The scattering data was used to generate a low-

resolution envelope model that perfectly fit the hexameric model 

of a bacterial ClpC protein (Figure 1). The hexameric protein will be 

used further for high-resoluton structural studies using X-ray 

crystallography or cryo-electron microscopy.
 
Structural studies on thymidylate synthase (TS) of the 
shrimp white spot syndrome virus (WSSV).
 
WSSV, the causative agent of white spot disease in crustacean life 

forms, is highly contagious and is the main cause of economic 

losses in the shrimp aquaculture industry. Previous studies have 

demonstrated that TS is a successful anti-cancer therapeutic drug 

target. The differential utilization of nucleotide precursors 

between WSSV and the host shrimp encouraged us to analyze the 

Focus of the lab

Advancements in biology enable us to understand basic biological 

processes using different technologies. Different structural 

biology, biochemical, and biophysical techniques have contributed 

substantially toward our understanding of important biomolecular 

machineries. Our group aims to understand the structure and 

function of chaperones such as the caseinolytic chaperones and 

histone chaperones. Some of these chaperones have been 

characterized in detail, while work on others is underway. We also 

work on proteins from shrimp viruses.  
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Fig.1. SAXS envelope structure and the fitting of a hexameric ClpC 

struture into the envelope.

Fig. 2. Crystal structure of wTS-dUMP-methotrexate ternary complex and 

its superposition with the apo-wTS structure . 

complex existed in a closed conformation (Figure 2). This increases 

the width of the wTS cavity and renders it easily accessible to the 

inhibitors. This is the first report regarding the structural 

characterization of wTS. The distinct structural features of wTS can 

be used to develop WSSV-specific folate analogue or non-analogue 

inhibitors. The higher rate of nucleotide utilization by WSSV should 

also confer an additional degree of specificity. Overall, the unique 

structural elements in the wTS structure indicate that TS is a 

promising target for developing anti-WSSV drugs. Future research 

will focus on this aspect. 

INFECTIOUS DISEASE BIOLOGY
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structure of WSSV-TS (wTS). Purified recombinant wTS was 

crystallized as an apo-form and also as a ternary complex with 

deoxyuridine monophosphate (dUMP) and the inhibitor, 

methotrexate. Diffraction data for the crystals were collected at the 

ID30A-3 beamline of the European Synchrotron Radiation Facility, 

Grenoble, France. The apo wTS revealed a dimeric structure, 

characteristic of known TS structures. The apo-wTS possesses an α-

helical conformation at the C-terminus, a feature that has never 

been reported in any of the known TS structures, including that of 

the host shrimp TS. Similar to other TS structures, the apo-form of 

wTS displays an open conformation, whereas the wTS ternary 



Clinical Proteomics
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Research Activities

A comprehensive understanding of nasopharyngeal 
carcinoma (NPC) in the north-eastern region of India.

Worldwide, NPC is a rare among all other types of cancer. Similarly, 

it is also rare in India. However, it is more prevalent in the north-

eastern states of India. Lack of specific symptoms and absence of 

robust markers are the major constraints limiting the early 

diagnosis of NPC. Furthermore, the molecular pathogenesis of NPC 

is unclear. This emphasizes the need which has to be addressed. In 

this study, we aimed to identify the signature proteins from 

plasma/tissue samples of patients with NPC and healthy controls 

from the north-eastern states of India using various quantitative 

proteomic approaches. Earlier, multiple proteomics approaches 

were used and identified fifteen differentially expressed proteins 

(DEPs). Among these, three proteins were consistently identified 

using all approaches. Our analysis showed that some of the 

proteins were novel and were reported for the first time in 

individuals with NPC. Few DEPs were successfully validated using 

the immunoblotting assay. Furthermore, functional analysis 

showed that these proteins are associated with endocrine system 

disorders, cellular abnormalities, and developmental disorders, 

interact with various proteins, and play important roles in signalling 

pathways. Deciphering the role of these proteins and 

Focus of the lab

Proteins acts as drivers of cellular function and play important roles 

in health and disease. Dynamic changes in their expression, 

subcellular localization, modification, and interactions contribute 

to the functional diversity of proteins. This information is often 

crucial for understanding cell physiology and the molecular 

mechanisms involved in disease pathogenesis. Currently, our 

laboratory is involved in many multidisciplinary studies with major 

research focus on disease proteome mapping, mapping of post-

translational modifications, and biomarker discovery for 

understanding the role of important protein(s) in disease 

pathogenesis using advanced quantitative proteomics approaches 

in various diseases such as cancer and infectious diseases, 

particularly Rabies, Chikungunya, and dengue. 

understanding their molecular function in NPC are currently 

underway. In conclusion, our study will enable us to identify 

signature molecules involved in NPC pathogenesis using 

differential proteomic approaches.

Identification and characterization of differentially 
expressed proteins during rabies virus infection.

Rabies, a zoonotic viral disease caused by the rabies virus, has the 

highest fatality rate among all infectious diseases and also more 

death rate compared to other zoonotic diseases. According to the 

estimates of the World Health Organization, rabies causes 56,000 

deaths worldwide and 20,000 deaths in India every year. Dogs are 

the major reservoirs of rabies and > 95% reported cases of human 

rabies are due to dog bites. Development of non/less-invasive and 

sensitive diagnostic methods, understanding the molecular 

mechanism of disease progression, and designing of effective 

therapeutics are the challenges that have to be met to control this 

disease. In this study, we aimed to identify and characterize the 

differentially expressed proteins involved in rabies viral infection 

using advanced quantitative proteomic approaches. Previously, 

iTRAQ-coupled approaches, liquid chromatography-matrix-

assisted laser desorption/ionization-mass spectrometry and high 

resolution mass spectrometry (HRMS), have been performed 

using rabies-infected and control dog brain tissue samples. In total, 

477 proteins were identified using the first approach, which 

included 19 differentially expressed proteins (DEPs) in rabies-

infected cases compared to that in the control. In another 

approach involving iTRAQ-8plex combined with HRMS, we 

identified 2,281 proteins, including 140 DEPs. Furthermore, the 

statistical analysis showed that compared to that in the control, 26 

proteins were down-regulated and 14 proteins were up-regulated 

significantly in the rabies-infected cases. Many DEPs were 

successfully validated using quantitative reverse transcription-

polymerase chain reaction or western blotting, which 

corroborated the expression trend observed in the proteomics 

data. Gene Ontology annotations showed that the majority of 

proteins were located at the mitochondria, and synaptic and 

axonal membranes, while they were enriched in different activities 

Principal Investigator
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Fig. 1. GO analysis of the identified proteins. 

and bindings such as calcium ion, microtubule, and calmodulin 

binding (Figure 1). Ingenuity Pathway Analysis showed that these 

DEPs were mostly involved in calcium ion signalling, calcium 

transport, synaptic transmission, and other signalling pathways and 

were associated with neurological diseases and psychological 

disorder. The analysis also showed that the down-regulated 

proteins involved in calcium ion signalling and the up-regulated 

neurofilament proteins are important and may be involved in rabies 

virus infection. Further experiments to understand the molecular 

mechanism are underway. Overall, this study will enable us to 

identify signature molecules involved in rabies viral infection using 

differential proteomic approaches.

INFECTIOUS DISEASE BIOLOGY
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pathway intermediates, and/or enzymes from the host, asexual 

parasites express heme pathway enzymes and synthesize heme. We 

showed that heme synthesized in asexual stages promotes cerebral 

pathogenesis. Mice infected with Plasmodium berghei (Pb) heme 

pathway knockout (KO) parasites were completely protected from 

cerebral malaria, with an overall decrease in systemic and neuronal 

inflammation, and T cell infiltration in the brain milieu. Death due to 

anemia was also delayed. The heme pathway KO parasites synthesized 

less hemozoin (Hz). Hz is a parasite molecule associated with 

inflammation, aberrant host-immune responses, disease severity, and 

cerebral pathogenesis. We provided evidence regarding the unexpected 

role of de novo heme in influencing the detoxification of Hb-heme into 

Hz by regulating the food vacuole (FV) integrity in asexual stages. FVs of 

KO parasites were compromised in terms of pH, lipid unsaturation, and 

proteins associated with Hz formation. We observed drastic reduction in 

oleic acid synthesis in KO parasites, with negligible changes in 

phospholipid or neutral lipid levels, suggesting that alteration in the 

degree of lipid unsaturation can affect Hz formation. Griseofulvin, 

isolated from Penicillium griseofulvum, is used to cure tinea infections. It 

interacts with fungal microtubules and disrupts spindle assembly 

leading to mitotic arrest. In humans, griseofulvin is administered to the 

extent of 1000 mg/day to adults and 10 mg/kg/day to children for 

several weeks. It can also inhibit ferrochelatase (the final enzyme in the 

heme synthesis pathway) by generating N-methyl protoporphyrin IX 

(NMPP) via the action of cytochrome P450 enzymes. Therefore, we 

evaluated the potential of griseofulvin in preventing cerebral malaria. 

Targeting of parasite heme synthesis by griseofulvin prevented the 

occurrence of cerebral malaria in mice and provided a new adjunct 

therapeutic option for cerebral and severe malaria (Figure 1).

INFECTIOUS DISEASE BIOLOGY
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Focus of the lab

Malaria remains a major cause of morbidity and mortality, 

especially because of the emergence of parasite resistance to 

artemisinin-based combination therapies and mosquito resistance 

to insecticides. According to World Health Organization (WHO), 

229 million cases and 409,000 deaths due to malaria occurred in 

2019. WHO has set global targets for a malaria-free world, which 

include decreasing the global incidence and mortality due to 

malaria by at least 90% and eliminating malaria from at least 35 

countries by 2030. India has also launched the National Framework 

for Malaria Elimination by 2030. Our research is focused on: 1) 

understanding the significance of amino acid requirements in the 

entire life cycle of malaria parasite; 2) deciphering the molecular 

mechanisms underlying the development of sexual stages in 

mosquitoes and exo-erythrocytic stages in liver; 3) identifying the 

key parasite factors responsible for disease virulence and host-

immune evasion; and 4) screening phytochemicals for new 

antimalarials. The major outcomes include identification of the 

role of de novo heme in cerebral malaria pathogenesis, 

identification of griseofulvin, a Food and Drug Administration-

approved antifungal drug, as an adjunct drug for cerebral and 

severe malaria, and characterization of a non-canonical glutamine 

synthetase in the malaria parasite.

Research Activities

Role of de novo heme in cerebral malaria  pathogenesis.

The heme-biosynthetic pathway of malaria parasite is dispensable for 

asexual stages, but is essential for its mosquito and liver stages. Despite 

having backup mechanisms for acquiring hemoglobin (Hb)-heme, 
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A non-canonical glutamine synthetase in the malaria 
parasite.

Malaria parasites have lost de novo pathways for amino acid 

biosynthesis, and the parasite genome has only retained the enzymes 

that are required for asparagine, glutamine, serine, and ornithine 

synthesis, together with few transaminases and enzymes functioning 

at the junction of nitrogen and carbon metabolism. Glutamine is the 

most abundant amino acid in the blood with plasma concentrations 

ranging between 0.50.8mM. It is also abundant in the mosquito 

hemolymph and represents 40-60% of the total amino acids in human 

liver tissue. Despite the abundance of glutamine in host milieu and the 

ability of the parasite to access hemoglobin-derived and extracellular 

glutamine, the parasite has retained a putative gene for glutamine 

synthetase (GS), which is conserved across all the Plasmodium species 

infecting humans, primates, rodents, and birds. This prompted us to 

investigate the functional significance of GS in the entire life cycle of 

the malaria parasite. We demonstrated that the parasite GS is 

enzymatically active and that it belongs to a unique type I enzyme that 

has evolved with distinct regulatory mechanisms. We characterized 

the subcellular localization of parasite GS and showed that it is 

expressed in all the stages of the parasite life cycle. L-methionine 

sulphoximine  (MSO) is a potent irreversible inhibitor of GS. MSO-

phosphate, generated by the phosphorylation of MSO by GS, acts as a 

transition state analogue that binds non-covalently and stabilizes the 

flexible loop of the GS active site, thereby preventing glutamate entry 

(Figure 2). In addition, the methyl group of MSO-P occupies the 

ammonium binding site to prevent further reaction. Phosphinothricin 

(PPT), widely used as a broad-spectrum herbicide, is another potent 

irreversible inhibitor of GS, the mechanism of inhibition of which is 

similar to that of MSO. Inhibition studies using recombinant GS and in 

vitro studies with P. falciparum (Pf) cultures showed that the parasite 

GS is sensitive to MSO and PPT. We used Pb as an in vivo rodent 

parasite model for the entire life cycle, and P. falciparum (Pf) as an in 

vitro human parasite model for asexual stages and gametocytes to 

study the essentiality of GS. We observed species-specific differences 

in the essentiality of GS in asexual stages of Plasmodium and validated 

these findings using clinical samples of Pf and P. vivax (Pv) from 

malaria-infected individuals. These findings have implications in 

developing new therapeutic strategies that are specific for Pf, the 

deadliest human parasite responsible for 90% of the global malaria 

infections.

Fig.1. Absence of cerebral pathology in griseofulvin-treated Pb-infected 

mice, and model depicting the role of de novo heme in cerebral malaria.
Fig.2. Functional characterization of Plasmodium GS and its subcellular 

localization in asexual stages.
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Research Activities

Decipher the significance of host mitochondria-centric 
events in JEV life cycle and associated neuroinflammation 
and neurodegeneration.

According to the World Health Organization (WHO), around 3 billion 

people are at the risk of JEV infection (WHO fact sheet) and JEV is the 

leading cause of acute viral encephalitis. Globally, ~68,000 clinical 

cases of JEV infection are reported each year, which are associated 

with 2030% mortality. Although the neurological manifestations of 

JEV infection are well known the molecular mechanisms that drive 

the neurological symptoms in young children and elderly are 

Focus of the lab

The overall goal of the lab is to decipher the molecular mechanisms 

that drive viral disease pathogenesis and identify host factors that 

facilitate viral dissemination. Identification of the pro-viral host 

factors and the molecular basis of viral diseases will enable 

development and design of potential therapeutic strategies to curb 

viral infections and disease manifestation. Viruses completely rely 

on host cells for their proliferation and have evolved strategies to 

exploit the cellular machinery and evade defence mechanisms. 

Mitochondria are the major hubs of multiple signalling pathways 

and can also govern anti-viral defence. The interactions between 

the viruses and host mitochondria determine the outcome of viral 

infection. In our ongoing studies, we are attempting to decipher the 

interactions between Flaviviruses and host cell mitochondria and 

their consequence on viral dissemination and disease 

pathogenesis. We observed that Dengue perturbs host 

mitochondrial homeostasis, leading to cell necrosis and release of 

cellular damage-associated molecular patterns (DAMPs), which 

can trigger cytokine storm and immunopathogenesis. In contrast, 

Japanese Encephalitis virus (JEV) infection does not lead to 

mitochondrial injury but promotes necroapoptotic cell death. 

Overall, our observations suggest that the viruses interact with the 

host cells in a unique manner and understanding these interactions 

is vital to unravel the molecular mechanisms that drive viral disease 

pathogenesis.

unclear. Previous reports have suggested that JEV infection leads to 

neuroinflammation and neurodegeneration. Persistent activation 

of central nervous system-resident mononuclear phagocytes, 

majorly the microglial cells, is observed in neuronal inflammation 

neurodegenerative diseases such as Alzheimer's, Parkinson's, and 

Huntington's diseases Defects in mitochondrial function and 

homeostasis  is implicated in many neurodegenerative diseases. 

Defect in mitochondrial homeostasis leads to necrotic cell death, 

resulting in release of cellular and mitochondrial DAMPs that can 

trigger inflammation and promote neurodegeneration. 

Neurotrophic viruses such as JEV can disrupt neuronal 

mitochondrial homeostasis, leading to necrotic death and 

activation of pro-inflammatory signalling. In this inflammatory 

signalling. In this study we observed that JEV infection of the hepatic 

cells leads to mitochondrial fragmentation and subsequent 

induction of mitochondria-selective autophagy (mitophagy) and 

apoptotic death. In contrast, JEV infection of the neuronal cell line, 

SHSY5Y, did not lead to any mitochondrial injury and disruption of 

mitochondrial dynamics. We observed that the JEV-infected 

SHSY5Y cells undergo necroapoptotic cell death, which can lead to 

release of DAMPs and promote inflammation in naïve bystander 

immune cells. We are attempting to decipher the significance of 

necroaopoptosis in JEV-associated neuronal inflammation.

Unravelling the mechanisms associated with hepatitis C 
virus (HCV) morphogenesis and secretion. 

In this study, we are attempting to identify the host factors that 

facilitate HCV morphogenesis and secretion. Previous studies have 
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Fig. 1: Model depicting how the Japanese encephalitis virus can activate 

immune cells and promote release of inflammatory cytokines, triggering 

neuroinflammation and degeneration. 

established that HCV exists as hybrid of the virus and lipoprotein, 

termed the 'lipoviral' particle (LVP). These LVPs are about 100-

150nm in size, atypical of the regular secretory cargo emanating 

from the endoplasmic reticulum (ER). The COP-II vesicles that carry 

secretory cargo from the ER to the Golgi are typically 50-60nm in 

size, which is sufficient to accommodate the regular cargo. Recent 

studies have suggested that secretion of large cargoes from the ER 

requires specific modulation of the COP-II vesicle size in proportion 

to the cargo size. Our previous observations have indicated that 

HCV utilizes the COP-II vesicle size regulators for releasing the virus 

particles. However, the effect of genetic ablation of these specific 

regulators did not completely inhibit secretion, suggesting of an 

alternate route of release or redundant role of these regulators in 

HCV release. We are attempting to simultaneously knockdown 

these proteins to determine their effect on HCV release.  We 

observed that HCV downregulates global protein secretion by 

regulating the organization of the ER exit sites (ERES). The infected 

cells display more compact ERES. Apolipoprotein E, a major 

component of the HCV virus particle is highly enriched in the ERES 

of the infected cells. Knockdown of cargo adaptor ERGIC-53 in the 

ER-Golgi intermediate compartment resulted in less production of 

intracellular and extracellular virus particles. We also observed 

colocalization  of the HCV envelope protein and the ERES protein, 

Sec16. ERES provide membrane resources for formation of 

autophagic vesicles and it is highly plausible that reorganization of 

ERES in HCV-infected cells not only downregulates global secretion, 

but facilitates formation of autophagy vesicles that may pave the 

way for non-conventional secretion of HCV virus particles. We are 

attempting to identify the molecular cues that lead to ERES re-

organization and understand its role in the HCV lifecycle.      
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Research Activities
 
Immunomodulation by a nematode homologue of HSP70 
(filarial HSP70).

We have previously reported the immunomodulatory potential of 

chitohexsose, a carbohydrate residue of a WGA lectin-binding 

glycoprotein from filarial parasite. Further analysis of its protein 

backbone using N-terminal amino acid sequencing of the 

electrophoretically pure molecule revealed it to be a homologue of 

the mammalian HSP70, which has been named FHSP70. Human 

HSP70 has been reported to induce activation of dendritic cells and 

the type 1 interferon (IFN) pathway, leading to generation of anti-

viral cytokines. Native, as well as recombinant FHSP70 (RFHSP70), 

were found to be Toll-like receptor (TLR)2 and TLR4 agonists in vitro 

in human and murine myeloid cells. When systemically or 

intranasally administered to mice, FHSP70 induced innate 

activation and release of inflammatory cytokines in circulation, 

indicating its potential for generating local innate immunity in the 

upper respiratory tract. Intranasal administration of FHSP70 in 

mice, followed by challenge with the virulent human influenza 

virus, H1N1, decreased viral growth and improved survival (Figure 

1). The protective effect was observed after prophylactic and 

therapeutic administration of FHSP70 and human HSP70. Thus, the 

nematode molecule was superior to the mammalian homologue, 

suggesting that FHSP70 may be used as a drug that can be 

administered as a nasal spray or drops for treating respiratory viral 

infections. Furthermore, caecal ligation and puncture (CLP), a gold 

standard procedure that causes poly-microbial sepsis and 

mortality in mice, was performed to study the efficacy of FHSP70 

and human HSP70. The results are shown in Figure 2. Therapeutic 

administration of a single dose of FHSP70 (Figure 2B), but not 

prophylactic administration within hours post-CLP (Figure 2A), 

indicated its potential as a immunotherapeutic drug for clinical 

management of sepsis The observed protection did not correlate . 

with levels of TNF-α, IL-1, and IL-10 at the time point tested, 

although a significant inverse correlation between survival and IL-6 

induction was observed. Our observations highlight the potential 

of using FHSP70 as a therapeutic molecule for both polymicrobial 

sepsis and human influenza H1N1 viral infection. The potential of 

FHSP70 for blocking SARS-CoV2 infection in hamster model will be 

investigated in future. 
 
SLE Consortium.

SLE is an autoimmune disease primarily involving dysfunction of B-

lymphocytes. Considering the importance of characterizing SLE in 

Indian patients (existing literature on SLE is only from western 

countries) a consortium of nine laboratories/hospitals primarily 

involved in clinical immunology in India have been funded by the 

Department of Biotechnology, India, to recruit 5,000 patients with 

SLE with the primary objective of generating longitudinal cohorts 

of patients. This cohort will be used to characterize Indian patients 

with SLE for patterns of clinical presentation and response to 

treatment, and for generation of a biorepository. The ILS/SCB 

Medical College component has two specific objectives: a) 

Focus of the lab

Our laboratory is currently focusing on two aspects (yes, one 

aspect has two approaches shown as a) and b) of 

immunomodulation in infection biology in the area of 

inflammation mediated by molecules produced by eukaryotic 

pathogens. We are investigating a) whether HMGB1 of malarial 

parasite origin, which was found to be immunologically distinct 

from host HMGB-1, is a potential eukaryotic PAMP; b) the immune-

modifying properties of a nematode homologue of human heat 

shock protein 70 (HSP70); c) the regulation of nitric oxide (NO) and 

its role in inflammation in infectious diseases. More specifically, we 

are investigating the post-translational regulation of nitric oxide 

synthases (NOS) by nitric oxide synthase-interacting protein 

(NOSIP), which interacts with three isoforms of NOS. The 

laboratory is also part of a large consortium of laboratories for 

characterizing cases of system lupus erythematosus (SLE) in India. 

In this report, we will discuss the details of the work undertaken on 

a) nematode HSP70 performed in collaboration with C-CAMP and 

b) the progress in the work performed as a part of the SLE 

consortium programme.
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Fig.1: Single prophylactic or therapeutic dose of FHSP70 (WFL) protects 

lungs from tissue infiltration and haemorrhage during influenza infection in 

mice. A) Representative images of the whole lungs from different groups at 

the end of the study. B) Lung histological images of three independent mice 

from each group. C) Influenza virus load in the lungs of surviving mice at the 

end of the study in different groups treated with indicated amounts of 

filarial or human HSP70. D) Mortality of mice in the four groups (n=59 in 

each group).

generation of a longitudinal cohort of 500 patients and b) studying 

the kinetics and regulation of genes involved in type 1 IFN-α and 

interferon regulatory pathway in the cohort. Unregulated increase 

in type 1 IFN level is a cardinal feature of SLE and is also associated 

with extreme deficiency of vitamin D3. The cohort will be 

supplemented with high as well as recommended doses of vitamin 

D3 to study the effect of vitamin D3 on clinical remission and the 

kinetics of the IFN-α pathway. So far, 150 patients have been 

recruited for this study. 

Fig.2: FHSP70 protects mice at late stage intervention (24 h post-CLP) and 

these protective effects are independent of pro-inflammatory cytokine 

regulation. A) Effect of P1 on survival rate of mice with sepsis when a single 

dose was administered 6 h post-CLP along with standard antibiotics. The 

control 'untreated' group did not receive any intervention, while the 

“antibiotic alone' group received single dose of standard antibiotics 6 h 

post-CLP. B) Effect of P1 on survival rate of mice with sepsis when a single 

dose was administered 24 h post-CLP. The standard antibiotics were 

administered 6 h post-CLP. The same control groups were used as indicated 

in Fig. 2A. C) Effects of administering 25 µg FHSP70 on plasma IL-6 levels 

after 6 h, and plasma IL-10, IL-1, TNF-α, and MCP-1 levels 48 h post-CLP in 

the groups shown in Fig. 2A and 2B. *p < 0.05, ns= non-significant.
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Antibiotic Resistance, Biofilm and Bacterial Pathogenesis

Dr. Durg Vijai Singh
Principal Investigator (On Lien)

Collaborators

• Dr. Shavitri Sharma, LV Prasad Eye Institute, Hyderabad

• Dr. Saroj K Mohapatra,  NIBMG, West Bengal

Senior Research Fellows

• Mr. Amol Kanampalliwar  

• Miss. Shifu Agarwal 

• Miss. Shubhashree Saha

• Miss. Swagata Bose  

Laboratory  Technician

• Mr. Satyajit  Behera

Focus of the lab

Our research program focuses on identifying the critical functional 

and regulatory genes involved in biofilm development and 

examining the role of biofilms in the evolution and 

horizontal/vertical transfer of antibiotic resistance and virulence 

genes, and its effect on immunological responses in biofilm 

infections. We use Stapylococcus aureus strains to identify biofilm-

associated genes and assess their expression for ascertaining the 

molecular basis of biofilm formation. In addition, we aim to 

characterize the biofilm matrix formed by Vibrio cholerae.

Research Activities 

Role of surface proteins in biofilm formation of S. aureus.

Genesis: S. aureus matrix molecules are involved in binding to host 

factor-coated foreign material.  Cell wall adherence and 

pathogenicity of S. aureus depend on the LPXTG motif and sortase 

A ( ), respectively. In contrast, the dispersal of biofilm cells is SrtA

regulated by the agr quorum-sensing system and factors such as 

phenol-soluble modulins (PSMs), which act as surfactants. We 

examined 30  strains isolated from different sources to  S. aureus

determine their ability to form biofilm and the composition of the 

biofilm matrix. In addition, the biofilm-associated genes and their 

expression were determined to ascertain the molecular basis of 

biofilm formation. 

Past achievements: The increased expression of genes encoding 

the efflux pumps, EtBr, ciprofloxacin, and moxifloxacin, and 

decreased expression of norB, norC, abcA, and mepA genes in 

methicillin-sensitive S. aureus (MSSA) and methicillin-resistant S. 

aureus (MRSA) isolates in the presence of thioridazine, 

chlorpromazine, and naringenin demonstrated that the MFS, 

MATE, and ABC family of efflux pumps play essential roles in 

developing antibiotic resistance and biofilm formation. 

Current year progress: Both MRSA and MSSA isolates produced 

large amounts of biofilms in Brain Heart Infusion (BHI) , which 0.5%Glu

contributed to better survival strategy. The detachment assay in 

the presence of NaIO4, proteinase K, or DNase revealed the 

various biofilm components in S. aureus strains (Figure 1). 

Polymerase chain reaction revealed the presence of biofilm-

associated genes, including those encoding for intracellular 

adhesins and quorum sensing genes. srtA, clfA, and sasG genes 

were transcribed, indicating their role in the different stages of 

biofilm development. These findings suggested that S. aureus 

formed biofilms comprising protein, DNA, or both, and that these 

genes may play a critical role in the development of biofilm, 

starting from attachment to dispersal.

Future plans: We will determine the expression of the global 

regulator, Agr, in the dispersal phase of the biofilm. 

Biofilm formation and quorum sensing in V. cholerae.

Genesis: Quorum sensing systems such as the Lux, toxR signalling, 

cqs, hapR, and vqm systems are common in V. cholerae. Although 

some studies have shown inhibition of these genes, the problem of 

multidrug resistance persists. Therefore, we aimed to characterize 

the biofilm matrix of seven strains of V. cholerae.

Past achievements: We showed that extracellular DNA interacts 

with Vibrio polysachharides (VPS) in the V. cholerae biofilm and 

contributes to biofilm integrity and strength. Also, it might interact 

with other components of biofilm. Our study showed that eDNA, 

together with VPS, play a vital role in providing integrity and 

strength to the biofilm.

Current year progress: All the seven strains of V. cholerae produced 

biofilm to different extents. Sodium dodecyl sulphate-

polyacrylamide gel electrophoresis and scanning electron 

microscopy showed that all the strains had almost similar 

extracellular polymeric substance (EPS) profile, indicating that 

protein is one of the major biofilm components. Biofilm 

detachment assay using the drug PgX showed inhibition in the initial 

stage of biofilm formation, while the violacein inhibition assay 

showed inhibition of quorum sensing signalling pathway in the 

presence of various concentrations of the drug (Figure 2). Protein is 

the predominant biofilm component of V. cholerae strain TVM 287. 

Matrix-assisted laser desorption/ionization-time-of-flight (MALDI-

TOF) analysis led to the identification of several proteins such as 

Rbm, which is known to play an important role in biofilm formation.
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Future plans: (i) Expression profiling of the major components of 

biofilm using nano-liquid chromatography-mass spectrometry. (ii) 

Identification of inhibitory drugs targeting new active targets that 

affect host-pathogen interaction in cell line-based studies.

Fig. 1.   Biofilm detachment assay using DNase, proteinase K, and NaIO4 

in MRSA and MSSA clinical isolates.
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Fig. 2.  Percentage inhibition of various concentrations of the drug, PgX, 

against the Vibrio cholerae strain TVM287.
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Breast Cancer Pathogenesis

Dr. Sandip K. Mishra
Principal Investigator

Collaborators

• Prof. Eric W.-F. Lam, Imperial College of London, UK

• Prof. Gopal Kundu, KIIT University, Bhubaneswar

• Dr. Amit Kumar Adhya, AIIMS, Bhubaneswar

• Dr. A.K Rath, Hemlata Hospital, Bhubaneswar

• Prof.  Dillip Parida , AIIMS, Bhubaneswar

• Dr. Manwar Ali , AIIMS, Bhubaneswar

• Dr. Anshuman Dixit, ILS, Bhubaneswar

• Dr. Umakanat Subudhi, IIMT, Bhubaneswar

Senior Research Fellows

• Mr. Surya Prakash 

• Miss. Monalisa Parija

• Miss. Sanghamitra Dash

Junior Research Fellows 

• Miss. Pranita

Laboratory  Technician

• Mr. Shashibhusan Sahoo

Focus of the lab

Breast cancer is a group of diseases associated with various 

complications such as drug resistance and recurrence. Our 

observations showed that oestrogen-related receptor (ERR)β is a 

potent candidate for determining the prognosis of breast cancer. 

ERRβ-mediated reduction in cancer cell growth and enhancement 

of apoptosis explain the significant association of its expression 

with improved patient survival. Modulation of G-protein coupled 

receptor (GPCR) function might delay or halt the progression of 

many cancers and their spread to distant organs. Western blotting 

and quantitative reverse transcription-polymerase chain reaction 

(qRT-PCR) data revealed up-regulation of E-cadherin and down-

regulation of β-catenin in GPR141-overexpressing MCF7 cells. 

Various reports suggest that E-cadherin is a repressor of solid 

tumours. From this, we deduced that GPR141 might act as a 

tumour suppressor. The detailed molecular mechanism has to be 

studied to validate this hypothesis.

Research Activities

Role of NEDD8 in breast cancer progression.

ERRβ is an orphan nuclear receptor, the regulation of which is 

mostly not known. ERRβ is down-regulated primarily at the protein 

level in breast cancer. We showed that ERRβ degradation is 

mediated by the ubiquitin-proteasome pathway. Our results 

delineated a critical mechanism of ERRβ down-regulation in breast 

cancer. We also found that ERRβ is down-regulated in tamoxifen-

resistant cell lines. Consistent with this data, overexpression of 

ERRβ also reduced the viability of tamoxifen-resistant cancer cells 

and significantly decreased cell migration. Modulation of GPCR 

function might delay or halt the progression of many cancers and 

their dissemination to distant organs. Results of western blotting 

and qRT-PCR revealed up-regulation of E-cadherin and down-

regulation of β-catenin in GPR141-overexpressing MCF7 cells. 

Various reports suggest that E-cadherin represses solid tumours. 

Based on this observation, we deduced that GPR141 might act as a 

tumour suppressor. The detailed molecular mechanism has to be 

studied to validate this hypothesis. GPR141 promoter activity and 

translation are up-regulated by ERRβ. GPR141 is down-regulated in 

MTR, which paves way for a crosstalk between GPR141 and 

tamoxifen resistance signalling and can be used for improving 

therapeutic intervention.

Crosstalk between GREB1 and EERβ and its role in tumour 
progression in breast cancer.

XEDAR, a type III transmembrane glycoprotein, belongs to the 

tumour necrosis factor receptor (TNFR) family. We observed that 

XEDAR is up-regulated at both transcriptional and translational 

levels in MCF-7 breast cancer cell lines upon overexpressing ERRβ, 

whereas it was down-regulated upon knocking down ERRβ. We 

identified two ERRβ response elements (ERRE) at -956 and -1972 bp 

using the TFBIND INPUT software. We also identified ERα response 

elements (ERE) in the upstream region of the XEDAR transcription 
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Fig. 1. Decrease in XEDAR expression in ER+ve breast cancers 

compared to that in ER-ve breast cancers.



start site at -1130 and -1474 bp.  XEDAR mRNA was down-

regulated in the ER-positive breast cancer cell lines such as MCF-7 

and T47D compared to that in MCF-10A. Furthermore, XEDAR was 

up-regulated after knocking down ERα in MCF-7. We observed 

increase in luciferase activity upon deleting the EREs and decrease 

in luciferase activity upon deleting the ERREs. This further suggests 

that ERRβ promotes, whereas ERα inhibits XEDAR expression. We 

also observed that the expression of mesenchymal markers 
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decreased in XEDAR-overexpressing MCF-7 and MDA-MB-231 

cells.  We transfected MDA-MB-231 cells with XEDAR-expressing 

plasmid (1 μg) along with a green fluorescent protein-encoding 

plasmid (GFP, 200 ng) using Lipofectamine. The XEDAR- 

transfected cells appeared round and detached from the plate, 

whereas the vector-transfected cells showed normal morphology. 

This shows that XEDAR induces cell death (Figure 1).



Leukemia Research

Dr. Soumen Chakraborty
Principal Investigator
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• Dr. Pradeepa   

• Dr. Payel Guha 

Junior Research Fellows 
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• Ms. Suman Singh

• Mr. Sayantan Chanda

• Ms. Shristi Lama

Laboratory  Technician

• Mr. Lakesh Kumar Sahoo�
Irinotecan treatment, and this phosphorylation is mediated by 

several AGC kinases such as PKA, AKT and PKG (Figure 1h). 

Treatment of cancer cells with H89, inhibited both EVI1 

phosphorylation and AKT function (Figure 1i). We checked the 

therapeutic efficiency of a combination of kinase inhibitor H89 

and Irinotecan in nude mice model and observed significant tumor 

reduction when compared to the individual therapy (Figure 1j). 

This suggested that EVI1 phosphorylation by AGC kinase is one of 

the factor that is responsible for Irinotecan resistance in colon 

cancer treatment.

Focus of the lab

My laboratory works on the molecular aspects of hematological 

malignancies with particular emphasis on Chronic Myeloid 

Leukemia (CML) and Acute Myeloid Leukemia (AML). We aim to 

understand the role of miRNAs, RNA binding proteins, and 

oncogenes, known or novel, in the progression of the disease. As 

CML is a perfect model to study leukemia-initiating cells, we are 

also trying to understand the molecular mechanisms that 

distinguish CML stem cells from normal hematopoietic stem cells. 

As one part of the laboratory works on CML/AML, the other part is 

investigating the consequences of cellular mechanisms 

potentiated by the post-translational modifications 

(phosphorylation, acetylation, and sumoylation) of the proto-

oncogene Ecotropic Viral Integration Site I (EVI1) in solid 

tumor/leukemia and stem cells. The research findings will lead to 

the development of biomarkers and targeted molecular therapies 

that will help to detect and eliminate the disease before it leads to 

progression.
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Research Activities

Role of EVI1 in Colon cancer Chemoresistance.

EVI1 is an oncogenic zinc finger transcription factor that is 

frequently up-regulated in many types of cancer such as 

haematological malignancies, colon cancer, etc. Earlier, we have 

shown that colon cancer cells expressing EVI1, when injected into 

immunocompromised mice, metastasized into the intraperitoneal 

layer, lungs, and spleen. We have also shown that TIMP2 (a 

metastasis suppressor) is down-regulated by EVI1 in metastatic 

colon cancer cells and Aza-D (a well-known DNA hypomethylating 

agent) treatment activated TIMP2 expression without altering the 

binding of EVI1 to the TIMP2 promoter. EVI1 plays an important 

role in chemotherapy resistance by promoting different survival 

pathways against chemotherapy induced cell death. Our initial 

studies have shown that expression of EVI1 also contributes to 

drug resistance in different colon cancer cell lines. To study in detail 

the role of EVI1 in drug resistance and related pathways, we 

knocked down EVI1 in EVI1 expressing colon cancer cells lines 

(Figure 1a) and tested for cytotoxicity response against different 

chemotherapeutic drugs. EVI1 knockdown cell lines exhibited 

significant less IC towards Irinotecan when compared to the 50 

control cell lines (Figure 1b and 1c). No significant difference in IC50 

was noted for Oxaliplatin and 5-FU. Increased apoptosis and 

cleaved PARP level was noted in the Irinotecan treated EVI1 knock 

down cell lines when compared to the control cell lines. Similar 

response was also observed in the nude mice subcutaneous 

model, where Irinotecan therapy reduced the tumor volume in the 

EVI1 knock down cells when compared to the control cell lines 

(Figure 1d & 1e). EVI1 knock down decreased AKT phosphorylation 

and induced PTEN expression (Figure 1f). Treating cell lines with 

Irinotecan sustained PI3K-AKT signaling without altering PTEN 

expression (Figure 1g). We observed EVI1 phosphorylation after 
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Fig. 1: EVI1 regulates chemoresistance in colon cancer cell lines. A- EVI1 knockdown was evaluated in Colo 205 and HT 29 cell lines. B&C- MTT assay for Colo 

205 and HT 29 cell lines against Irinotecan. D-Control and EVI1 knocked down Colo 205 cells were subcutaneously injected to nude mice and the tumor 

progression was measured. E-Irinotecan was administered to the tumors and the progression was measured.F-Whole cell lysate from the control and EVI1 

knocked down Colo 205 cells were immunoblotted with p-AKT and PTEN antibodies. GAPDH was used as the internal control. G- Colo 205 cells were treated 

with Irinotecan and whole cell lysate was evaluated for p-AKT expression.H-Colo 205 cells were treated with Irinotecan, kinase inhibitors, its combination and 

then EVI1 was immunoprecipitated. The precipitated product was tested for EVI1 protein phosphorylation. i.Colo 205 cells were treated with Irinotecan, H89 

and its combination, whole cell lysate was immunoblotted with p-AKT and p-GSK3B antibodies. j- Tumor progression rate of Irinotecan, H89 and 

Irinotecan+H89 administered Colo 205 subcutaneous mice model.**p<0.01, ***<0.001.
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Cancer Nanotechnology

Dr. Sanjeeb Kumar Sahoo
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Research Activities

Piperlongumine-based nanomedicine: A multimodal 
approach for targeting breast CSCs in triple negative 
breast cancer.

Among the subtypes of breast cancer, triple negative breast 

cancer (TNBC) is associated with high relapse rate, resistance to 

chemotherapy, and mortality. The malignant nature of TNBCs is 

driven by a self-renewing sub-population of cells called CSCs. The 

chemotherapeutic regimens currently used for patients with 

TNBC target the actively proliferating bulk cancer cells but spare 

the CSCs. Hence, efforts are on to identify new therapeutic agents 

that can improve the therapeutic efficacy for TNBC. In this regard, 

we investigated piperlongumine (PL), an alkaloid selectively toxic 

to cancer cells, and an inhibitor of glutathione-S- transferase pi 1 

(GSTP1), a key driver of TNBC cell metabolism and pathogenicity. 

Despite the superior anti-cancer properties of PL, it has poor 

pharmacokinetics, which limits its application as an anti-cancer 

agent. Hence, to enhance its biological activity we used a 

nanomedicinal approach to develop a poly(lactic-co-glycolic acid) 

(PLGA)-based nanoformulation for PL (PL-NPs) and assessed the 

anti-CSC effects of both native PL and PL-NPs in mammospheres. 

Results indicated that the cellular uptake of PL-NPs was higher 

than that of native PL in mammospheres. Furthermore, we 

demonstrated that treatment of mammospheres with PL-NPs 

remarkably inhibited various characteristics of CSCs, such as 

expression of aldehyde dehydrogenase, self-renewability, 

chemoresistance, and epithelial-mesenchymal transition (Figure 

1). We next investigated the mechanism underlying these 

multimodal effects of PL in CSCs and found that inhibition of STAT3 

might be the driving force. To confirm that STAT3 orchestrated 

these anti-CSC effects, we used colivelin, a potent synthetic 

peptide activator of STAT3, in combination with the treatments 

and found that the anti-CSC effects of PL and PL-NPs were 

reversed. Taken together, we demonstrated the potential of PL-

based nanomedicine as a new avenue for targeting CSCs in TNBC.

PL-loaded smart polymeric nanoparticles for targeting 
chemoresistance in oral squamous cell carcinoma.

Despite persistent treatment, oral squamous cell carcinoma 

(OSCC) is clinically challenging, owing to its chemoresistant 

nature. Conventional chemotherapy targets the sensitive cells 

while sparing the resistant counterparts, allowing it to develop 

chemoresistance. Therefore, targeting of the resistant cells is 

essential for curing OSCC. Chemoresistance occurs due to 

multiple factors, such as overexpression of drug efflux 

transporters, reduction in drug accumulation, alteration in drug-

target interactions, activation of DNA repair, and reduction in 

apoptotic signalling. We focused on the identification of natural 

compounds harbouring anticancer potential (phytochemicals) 

that can target cancer cells or enhance the efficacy of 

conventional chemotherapy in a synergistic manner. Hence, we 

Focus of the lab

In the clinical scenario, chemotherapy, used to treat cancer, can 

effectively target the bulk tumour cells, but not the cancer stem 

cells (CSCs) that are responsible for cancer progression. Hence, 

despite the initial tumour shrinkage, tumours eventually relapse 

and metastasis is observed. Recently, phytochemicals have 

attracted attention as targeting agents for CSCs owing to their 

multimodal targeting and relatively low systemic toxicity. 

However, poor aqueous solubility and low bioavailability are the 

major drawback associated with phytochemicals. To overcome 

these drawbacks, nanoparticles can be used as drug delivery 

vehicles, as they can achieve target-specific drug delivery with low 

systemic toxicity and improve the pharmacokinetic parameters of 

the loaded drug. Therefore, our laboratory is developing 

nanomedicines loaded with phytochemicals that may be used 

singly or in combination with conventional chemotherapeutic 

drugs.
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selected a phytochemical, PL, which is selectively toxic to cancer 

cells and can effectively reverse chemoresistance and its related 

mechanism. However, despite its superior anti-cancerous 

properties, clinical translation of this molecule has been limited 

because of its poor pharmacokinetics. Recently, scientists have 

attempted to develop pH-responsive nanomedicines (smart 

nanomedicines) to improve the selectivity of delivery, overcome 

resistance to drugs, and simultaneously increase the therapeutic 

efficacy with minimal side effects. In this regard, we have 

developed PL-loaded smart polymeric nanoparticles (smart PL-NP) 

~156 nm in diameter and with 65% entrapment efficiency, which 

can rapidly release sufficiently high level of the drug in the 

intracellular acidic environment that exceeds the drug efflux 

capacity and provides the optimum drug concentration required 

for reversing chemoresistance (Figure 2). Furthermore, we have 

studied the anticancer properties of the above nanoformulation 

and compared them with those of native PL in cisplatin-resistant 

OSCC cell lines and found that smart PL-NPs are more effective 

than native PL. In addition, smart PL-NPs enhanced the sensitivity 

of cells towards cisplatin better than native PL and efficiently 

downregulated markers for apoptosis, stemness, and multidrug 

resistance. Therefore, our observations indicate that this 

formulated smart nanomedicine can be potentially used for 

targeting chemoresistance in OSCC.

Fig. 2: Schematic diagram representing mechanism of action of smart PL-

NPs on chemoresistant cells. After the smart nanoparticles are 

internalised by the chemoresistant cells, the encapsulated gas-

generating agent reacts with the protons in the acidic organelles and 

generates CO  bubbles, which then disrupts the nanoparticles, resulting 2

in rapid release of PL in the acidic environment and providing optimum 
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Fig. 1. Multimodal effects of PL on CSCs are orchestrated via inhibition 

of STAT3. (a) Expression of STAT3 and p-STAT3 in mammospheres after 

treatment with either 10 μM PL or PL-NPs was assessed using western 

blotting. (b) ALDH assay was performed using flow cytometry and the 
TMALDEFLUOR  kit, and the representative graph is shown (n=3; data as 

mean ± SD).



Understanding the Molecular Mechanism of 
Chemoresistance in Oral Squamous Cell Carcinomas

Research Activities

RRBP1 rewires cisplatin resistance in OSCC by regulating 
Hippo pathway.

We had established an appropriate acquired chemoresistance 

OSCC model to cisplatin. For this purpose, we used multiple 

human tongue OSCC lines such as H357, SCC-4, and SCC-9. We 

determined the IC50 value for cisplatin in these cells lines. Further, 

the cells were incubated with lower doses of the drug and 

eventually the dose was increased up to IC50.  In this process, 

drugs efficiently eliminated the rapidly dividing cancer cells by 

inducing cell death, but poorly targeted the slowly dividing cells. 

Gradually, the poorly sensitive cells regained the normal growth 

Dr. Rupesh Dash 
Principal Investigator
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• Dr. Ranjan Nanda, ICGEB, New Delhi

• Dr. Bikash K Jena, CSIR-IMMT, Bhubaneswar
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• Dr. Narottam Acharya, ILS, Bhubaneswar

• Dr. Mahesh Sultania,  AIIMS, Bhubaneswar
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• Dr. Joytirmay  Tripathy 

Senior Research Fellows

• Miss. M. Priyadarshini
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• Mr. Sibashis Mohanty

Junior Research Fellows 

• Miss. Shamima Azma Ansari

• Mr. Abinash Behera

•   Miss. Laxmipriya Panda

cycle (in a span of 58 months). Here, the parent cells were 

considered as sensitive. The cells treated for 4 and 8 months were 

termed as early and late resistant cells, respectively. Monitoring 

cell death in three stages (sensitive, early, and late drug resistant 

cells) using flow cytometry suggested that complete acquired 

resistance is achieved in 8 months and partially in 4 months.  To 

identify the causative factors of chemoresistance, we performed 

RNA sequencing and global proteomic profiling of human OSCC 

lines exhibiting sensitive, early, and late cisplatin-resistance 

patterns. For convenience, H357CisS, H357CisR4M, and 

H357CisR8M was used to code sensitive OSCC line H357 and those 

treated for 4 and 8 months with cisplatin, respectively.

Past achievement:  We have developed and characterized OSCC 

lines with acquired chemoresistance. 

Current year's progress: Overlapping proteomic profiling and RNA 

sequencing data to delineate  the causative factors responsible for 

chemoresistance in OSCC.To identify the causative factors 

responsible for acquired cisplatin resistance in OSCC, an unbiased 

global proteomic profiling, as well as RNA sequencing of H357CisS, 

H357CisR4M ,and H357 CisR8M cells were performed (Figure 1A-

C). A set of 37 genes was found to be commonly deregulated in 

both proteomics (367 proteins) and RNA-seq  (2,981 genes) 

analyses (Figure 1D). Principal component analysis (PCA) grouped 

all the identified proteins  into distinctly different clusters.  Among 

the 37 dysregulated genes, a novel and less studied oncogenic 

protein, RRBP1, was selected for further validation.  RRBP1 

expression increased during the development of cisplatin 

resistance. The results of cell viability and cell death assays 

showed that RRBP1 knockout (KO) significantly sensitized the 

chemoresistant lines to cisplatin. Results of the anchorage-

dependent colony forming assay and 3D organoid data  indicated 

that viability and organoid formation efficiency  were significantly 

reduced in RRBP1 KO  cells compared to that in wild type (WT) cells 

(data not shown). To evaluate the in vivo efficacy of knocking out 

Focus of the lab

OSCC is the most prevalent cancer in India, with a mortality rate 

of approximately 86,000 per year.  The conventional treatment 

modalities for advanced OSCC are surgery, followed by chemo 

and radiotherapy. Cisplatin alone or in combination with 5FU (5-

fluorouracil) and docetaxel (TPF) is the most commonly used 

chemotherapy regimen for OSCC. Chemoresistance is one of the 

important factors responsible for treatment failure in OSCC, 

which can culminate in continued tumour growth and 

metastasis .  The causative factors responsible for  

chemoresistance are yet to be identified. The long term objective 

of our group is to restore cell death in chemoresistant OSCC and 

our immediate objective to identify the causative factors 

responsible for chemoresistance. Once the causative factors are 

identified, it would I) enable us to elucidate the molecular 

mechanism underlying acquired chemoresistance and II) lead to 

development of therapeutic strategies for overcoming cisplatin 

resistance in OSCC. 
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Fig. 1: Overlapping proteomic profiling and RNA sequencing data to delineate  the causative factors responsible for chemoresistance in OSCC.

Fig. 2: RRBP1 knockout reduced tumour burden in nude mice xenograft model.
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RRBP1 in restoring cisplatin-induced cell death in chemoresistant 

OSCC, we established xenograft tumours in nude mice using PDC 

isolated from tumours of a chemotherapy-non-responder patient 

(Figure 2A). We observed reduction in tumour growth and size in 

lthe RRBP1 KO group compared to that in WT PDC1. Cisplatin 

treatment (3 mg/kg) significantly reduced the tumour burden in 

the RRBP1 KO group (Figure 2B-D). Immunohistochemistry 

analysis of harvested tumours showed significantly high apoptosis 

levels and reduced expression of YAP1 and its target genes in the 

RBBP1 KO groups treated with cisplatin (Figure 2E). Information 

regarding the potential inhibitors of RRBP1 is limited. PubChem 

and drug bank database search revealed that radezolid, a second 

generation oxazolidinone antibiotic, may be used as a potential 

candidate for targeting RRBP1. An in silico molecular docking study 

suggested that radezolid docks well at the active site of RRBP1  via 

three hydrogen bonds with a docking score of -8.0, indicating high 

affinity for the target protein. Next, RRBP1 expression was 

monitored in chemoresistant cells treated with radezolid.  We 

observed a dose dependent (≥ 5 μM) lowering of RRBP1 

expression after radezolid treatment. Furthermore, we evaluated 

whether radezolid treatment can overcome cisplatin resistance in 

OSCC. We observed reversal of chemoresistance upon treatment 

of chemoresistant OSCC cells and PDC1 with a combination of 

radezolid and cisplatin (data not shown). Overall, using an omics 

approach, we identified RRBP1 as a causative factor responsible 

for cisplatin resistance in OSCC. We also found radezolid as a small 

molecule inhibitor of RRBP1. 

 We plan to monitor the in vivo anti-tumor efficacy of Future plan: 
radezolid in a patient-derived xenograft model (PDX).
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Research Activities

Use of spontaneous murine cancer models to study the 
effect of potential risk factors. 
  
Mutations in K-ras and/or p53 genes have been reported in 

G12D multiple gastrointestinal malignancies. The Pdx1-cre; LSLKras

mouse model harbours pre-neoplastic lesions in the pancreas. At 

the same time, owing to the expression of Pdx1 in certain other 

organs such as the gallbladder, stomach, and duodenum, these 

mice also develop pre-neoplastic changes in these organs. As 

these animals do not develop frank cancer, but are susceptible to 

different gastrointestinal malignancies, we believe that they will 

be ideal models for evaluating different risk factors. We have 

already established colonies of these mice at our animal house 

facility. Currently, we are challenging these mice with different risk 

factors and evaluating their effects (Figure 1).
 
Effect of gemcitabine on peritoneal macrophages (PMs) 
and its clinical relevance.

During peritoneal dissemination of cancer cells, resident PMs 

come in direct contact with cancer cells and help in the 

establishment of metastatic tumours. Reports show that human 

PMs collected from patients with peritonitis and/or stimulated 

with lipopolysaccharide developed antitumor properties. 

Furthermore, the conditioned medium obtained from 

macrophages collected during peritonitis adversely affected the 

v iabi l i ty  of  cancer  ce l l s  in  a  ce l l  l ine-dependent  

manner.Experimental studies have demonstrated that PMs can 

polarize to M1 and M2 phenotypes based on the external stimuli, 

similar to bone-marrow-derived macrophages Hence residential . 

macrophages can be used for potential adoptive transfer therapy 

after their ex vivo polarization. Various chemotherapeutic drugs 

that directly kill cancer cells may also affect other cell types in the 

TME or other parts of the body. Studies have shown that low doses 

Focus of the lab

Different components of the tumour microenvironment (TME) 

play major roles in cancer progression, regulation of which 

controls therapeutic outcomes. Our lab has two major focus 

areas: (1) to understand the crosstalk between pancreatic cancer 

cells and other cancer-associated normal cells such as fibroblasts 

and immune cells; (2) to analyse the effect of microbes on 

progression and/or response to conventional therapies of 

different cancers.  In addition to our core research on cancer 

biology, our group is also involved in the institutional flagship 

program on “tribal health and nutrition”. In this project, our group 

is involved in isolation, characterisation, and use of novel 

probiotic strains. The ongoing COVID-19 pandemic has created a 

devastating public health problem around the world. To combat 

this disease the whole scientific community has come forward to 

use their expertise. In this scenario, along with other ILS scientists, 

my group is participating in various COVID-19-related research 

studies. In particular, my group is involved in the establishment 

and use of SARS-CoV2 animal challenge models.

of paclitaxel suppressed induction of M2 macrophages in gastric 

cancer  Similarly, in a mouse model of breast cancer and .

melanoma, paclitaxel altered M2-like signature in tumour-

associated macrophages (TAMs) towards the M1 type. Low-dose 

of cisplatin has also been reported to program PMs to the M1 type. 

Gemcitabine (GEM) is a first-line chemotherapeutic drug for 

advanced pancreatic cancer and has been shown to down-

regulate the expression of M2-related genes in pancreatic ductal 

adenocarcinoma (PDAC) tumour tissues. GEM is believed to exert 

anti-tumour effects by directly killing cancer cells and partially via 

immunomodulation in the TME. However, the effect of GEM on the 

properties of PMs and its possible clinical implications have not 

been reported. Based on the aforementioned background and 
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rationale, we hypothesised that GEM might polarise PMs toward 

the M1 type and thus confer anti-tumour properties to these cells. 

In this study, we found that GEM induced M1 polarisation of mouse 

PMs in a reactive oxygen species-dependent manner. Importantly, 

GEM-mediated M1-polarised PMs induced cytotoxicity in mouse 

pancreatic cancer cells in vitro. However, adoptive transfer of GEM-

treated PMs conferred marginal survival advantage to mice with 

experimental peritoneal metastasis of pancreatic cancer cells. 

Together, our data provides preliminary evidence that suggests that 

GEM-induced reprogramming of PMs into M1 type can be 

harnessed for treating advanced PDAC.
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G12D/+Fig.1:  Use of Pdx1-cre; LSLKras  mice to evaluate the effects of 

potential risk factors on the initiation and/or progression of different 

gastrointestinal cancers.
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Research Activities

Understanding the development and function of kidney 
using zebrafish as a model.

Kidney-related disorders affect millions of people worldwide and 

the burden of kidney diseases is increasing every year. Hence, 

identification of the causes of kidney diseases, and the 

development of accurate diagnostic methods and novel 

therapeutics are critical. Model organisms that faithfully 

recapitulate human diseases play important roles in understanding 

the disease process and provide information that may be valuable 

for finding cure. Zebrafish is an excellent model for studying the 

development, pathophysiology, and molecular aspects of human 

kidney diseases. Kidney development in mammals is unique, as it 

occurs via three distinct structures during embryogenesis: 

pronephros, mesonephros, and metanephros. The first two 

structures are transient in mammals, whereas only the 

metanephros persists throughout life. The pronephros is the 

functional kidney during embryonic development in lower 

vertebrates such as amphibians and fishes, which is replaced by the 

mesonephros as the functional kidney at later stages. Although the 

overall complexity of the kidney increases as we move to higher 

forms, nephrons are the structural and functional units of all types 

of kidneys.Anatomical analysis revealed that nephrons from all 

forms of kidneys possessed similar segmentation pattern. The 

segmental organization of the nephrons of zebrafish pronephros 

and mesonephros was similar to that of the mammalian 

metanephros, as shown in Figure 1. We have performed an 

unbiased screen to identify the expression pattern of genes that 

have been annotated as uncharacterized in the zebrafish genome. 

These genes in zebrafish or their homologs in other species have no 

known function. We have undertaken a functional genomics 

Focus of the lab

Our laboratory is interested in studying organ development 

during embryogenesis. Organogenesis involves a spectacular 

coordination of biological processes such as cell division, 

differentiation, and migration, which is regulated by well-

orchestrated at the molecular level by transcription factor 

activity, cell to cell communication, biochemical processes, and 

changes in cell architecture, among others. We study 

developmental processes with the hope that what we learn from 

the embryo will shed light on how normal physiological processes 

are coordinated in adults. This in turn may help us better 

understand disease biology, where normal cellular and molecular 

processes are dysregulated. 

In particular, we are investigating the molecular mechanisms 

underlying kidney development and function using zebrafish as a 

model. We are also interested in creating zebrafish models of 

human kidney diseases and using these to discover new drugs or 

drug targets. Our other areas of interest include endothelial cell 

biology, angiogenesis, and understanding regulation of gene 

expression during embryogenesis. 

approach to understand the role of the uncharacterized proteins 

expressed in zebrafish pronephros. CRISPR- or TALEN-based 

genome editing was performed to create mutant zebrafish that 

lacks functional genes of interest. This approach has led to the 

identification of novel genetic components of kidney 

development and function, such as efhc2, LOC100150067, and 

cfap300 (Figure 2).
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Fig.1: LOC100150067 regulates pronephros development. (A) Expression 

of its mRNA during zebrafish development. (B) The homozygous mutants 

show bent body axis, cardiac oedema, and kidney cyst formation. (C) They 

do not have well-functioning nephrons and fail to clear fluorescent 

dextran.

CANCER BIOLOGY

Fig.2 : Phenotype of si:ch73-103b9.2(-/-) embryos. (A) si:ch73-103b9.2(-/-) embryos 

showing kidney development defects at 48 hpf and 72 hpf. (B) Graph representing the 

percentage of embryos showing mild, moderate, and severe phenotypes obtained 

after different crosses among si:ch73-103b9.2(-/-) fishes. (C)Double in situ 

hybridization of slc20a1a (magenta) with xirp2a (purple) in wild type and si:ch73-

103b9.2(-/-) embryos at 48 hpf. slc20a1a was absent in the mutant; scale bar, 250 µm. 

(D) Cross-section of 48 hpf wild type (left) and si:ch73-103b9.2(-/-) embryos (right) at 

glomerulus. g-glomerulus, pt-phronephric tubules; * represents cysts. 
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Research Activities

Identification of small molecule modulators of fascin 
actin-bundling protein 1 (FSCN1).

OSCC is known for its aggressiveness, which is associated with 

poor prognosis. Unfortunately, targeted therapies for OSCC are 

lacking, which is responsible for low survival rates in OSCC. FSCN1 

is a highly conserved actin-bundling protein. Overexpresion of 

FSCN1 is reported in many cancers, and it is correlated with 

aggressive clinical progression and poor prognosis. It is a 

candidate biomarker for multiple cancers and a potential 

therapeutic target. FSCN1 is significantly highly upregulated in 

HNSCC (FC=5.05, p<0.05) and shows positive correlation with 

HNSCC stage. It is associated with the overall survival of the 

patients and is involved in tumour growth, migration, invasion, 

and metastasis. In this context, we have used state-of-the-art 

bioinformatics approaches to identify small molecules that can 

bind to FSCN with good affinity. A comprehensive bioinformatics 

study was designed assimilating protein structure modelling, 

molecular dynamics (MD) simulation (100 ns), and ensemble 

molecular docking approaches. We have identified some 

interesting molecules that bind to FSCN with high affinity. We 

believe that this study will help in the development of targeted 

therapies for OSCC.

Identification of multipotent molecules against severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV2) 
proteins.

The COVID-19 pandemic is a threat to global health. Currently, 

standard cure for the disease is lacking, and only remdesivir, 

dexamethasone and 2DG have been approved for the treatment 

of hospitalised patients. This mandates identification of novel 

therapeutic strategies to curtail the spread of the disease and 

reduce its associated mortality.
 
We have used bioinformatics approaches to identify US-Food and 

Drug Administration-approved drugs that can be repurposed 

rapidly for COVID-19 management. The major goal was to identify 

Focus of the lab

Head and neck squamous cell carcinoma (HNSCC) is the sixth 

common malignancy and one of the predominant causes of 

cancer-related casualties worldwide. The majority of HNSCC 

cases are those of oral squamous cell carcinoma (OSCC). The 

major research questions in OSCC are related to the development 

of strategies for early detection, prevention of relapse, targeted 

chemotherapy, and emergence of drug resistance. Studies have 

shown that early detection is significantly related to better 

outcomes. However, progress in the above-mentioned areas is 

still far from satisfactory. Therefore, one of our areas of interest is 

to identify diagnostic biomarkers and develop chemotherapeutic 

strategies for better patient outcome. Additionally, we aim to 

identify small molecule modulators for the protein/RNA targets 

of our interest.

drugs that inhibit SARS-CoV2 at multiple stages of its lifecycle. 

These drugs should be better than those that target single viral 

proteins because of their ability to affect multiple aspects of the 

viral lifecycle. This is expected to enhance their antiviral efficacy 

and retard the evolution of drug-resistant mutants.Using 

computational methods, we screened approved drug libraries 

against the 3D-structures of the nine SARS-CoV2 proteins, 

namely, spike, nucleocapsid, PLPro (Nsp3), main protease 

(3CLPro, Nsp5), RNA-dependent RNA polymerase (Nsp12), 

helicase (Nsp13), 3'-to-5' exonuclease (Nsp14), endoRNAse 

(Nsp15), and 2'-O-ribose methyltransferase (Nsp16), to identify 

drugs that can bind to the active sites of these proteins. We also 

analysed if the identified drugs can affect the host proteins that 

are differentially expressed during SARS-CoV2 infection. This was 

done primarily to identify multipotent drugs that can inhibit the 
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Fig. 1. Drugs Binding to multiple protiens. The drugs are shown along the X-axis while the protiens are shown along Y-axis. The white-red colour specturm 

shows increasing binding affinity. 
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virus and also affect host physiology to mitigate disease 

pathogenesis. The anti-SARS-CoV2 potency of some of the 

identified drugs was validated in vitro. Interestingly, many of our 

predicted molecules, such as capreomycin, celecoxib, mefloquine, 

montelukast, and nebivolol, showed good activity (IC50) against 

SARS-CoV2. (Fig. 1)
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Research Activities

Understanding the role of immunity-related GTPase M 
(IRGM) in innate immunity.

IRGM deficiency is genetically and functionally associated with 

several inflammatory and autoimmune diseases. The genetic 

connections of IRGM with several inflammatory, infectious, and 

autoimmune diseases argues for a crucial role of IRGM in innate 

immunity. We found that IRGM suppresses inflammation by 

controlling NLRP3 inflammasome activation (Mehto et al., 2019, 

Molecular Cell) and cGAS-STING and RIG-I- MAV-mediated 

interferon (IFN) response (Jena et al., 2020, EMBO reports). In this 

EMBO reports paper, we revealed that IRGM acts as a master 

negative regulator of type 1 IFN response by modulating 

autophagy. Type I IFN response is the major host arsenal against 

invading viruses. However, the role of human IRGM during viral 

infection is not clear. We hypothesized that blocking of IRGM 

expression may restrict viral infection and followed this idea.

We found that IRGM expression increases upon viral infections 

(Nath et al. EMBO Reports, under revision), which negatively 

regulates viral PAMP-induced IFN response. Conversely, IRGM 

Focus of the lab

A.  Autophagy, inflammation, and inflammatory diseases.
In this theme, our lab works on two important cell-autonomous 
innate immune processes, autophagy and inflammation. We 
study the molecular mechanisms via which autophagy maintains 
cellular homeostasis and plays important roles in the resolution of 
various diseases. Furthermore, we study how autophagy and 
inflammation crosstalk to control infection, immunity, and innate 
immune homeostasis.  Our goal is to enhance the fundamental 
knowledge regarding these two processes and use that 
knowledge to discover new therapeutic interventions for 
betterment of human health. 
B. Understanding the mechanisms of oncogenesis and cancer 
progression.
In this theme, our lab works on understanding new mechanisms 
and the cell biology underlying the origin of cancer.     

depletion results in robust induction of key viral restriction 

factors, including IFITMs, APOBECs, SAMHD1, tetherin, viperin, 

and HERC5/6 (Figure 1). In addition, antiviral processes such as 

MHC-I antigen presentation and stress granule signaling were 

enhanced in IRGM-deficient cells, indicating a robust cell-intrinsic 

antiviral resistant state (Figure 1). Consistently, IRGM-depleted 

cells are found to be resistant to infection by seven viruses from 
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Fig. 1.  Depletion of IRGM expression induces antiviral state in 

cells.



five different families, including Togaviridae (CHIKV), Herpesviridae 

(HSV-1), Flaviviverdae ( , Rhabdoviridae ( , ZIKV, WNV, and JEV)) VSV)

and Coronaviridae  (Figure 1). Furthermore, we  (SARS-CoV2 virus)
-/-found that the irgm1  knockout mice are highly resistant to CHIKV 

infection, while almost all wild-type animals died (Figure 1). 

Altogether, our work underscores that IRGM can be a broad 

therapeutic target for defense against a large number of human 

viruses, including the dreaded SARS-CoV2, CHIKV, and Zika virus. 

This work has been reviewed in EMBO reports and is currently in 

revision. Implications: Our lab deciphered an elegant mechanism 

via which IRGM controls overzealous inflammation and protects us 

from inflammatory/autoimmune diseases. Our work defines IRGM 

as a novel therapeutic target for autoimmune diseases and for 

broad antiviral immunity. Currently, our lab is attempting to 

identify small molecule activators and inhibitors of IRGM. The 

activators can be useful for suppressing inflammation in 

autoimmune and inflammatory diseases, whereas the inhibitors 

may have therapeutic implication as antiviral drugs.
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Research Activities

Role of HELLS/LSH in myeloid differentiation and 
leukaemia.

Helicase lymphoid-specific (HELLS) or lymphoid-specific helicase 

(LSH) encodes a member of the SNF2 family of ATP-dependent 

chromatin remodellers located on chromosome 10q23.33. The 

protein comprises two major domains, the helicase and ATPase 

domains. HELLS is associated with the cell cycle, DNA damage 

repair, maintenance of de novo DNA methylation, and 

heterochromatin maintenance. It is also essential for the 

maintenance of stemness in neuronal stem/progenitor cells. The 

Cancer Genome Atlas (TCGA) data sets show significantly high 

levels of HELLS expression in most malignancies,and upregulation 

of HELLS correlates inversely with patient survival. In hepatocellular 

carcinoma, HELLS regulates epigenetic silencing of tumour 

suppressor genes. These findings prompted us to investigate the 

role of HELLS in samples of normal individuals and those with AML. 

Curation of the high-throughput transcriptomic data showed 
+higher expression of HELLS in CD34  hematopoietic progenitors 

than in lymphoid or myeloid cells (Figure 1A). Bloodspot database 

(www.bloodspot.eu) showed high expression of HELLS and 

hematopoietic stem cells (HSCs), common myeloid progenitors 

(CMP), and granulocyte-macrophage progenitors (GMP), and low 

expression in differentiated myeloid cells such as ,metamyelocytes 

(MM), band cells (BC) and monocytes (Figure 1B). Next, we 

determined HELLS expression in AML patients using TCGA data sets 

and a gene expression profiling interactive analysis database 

(GEPIA2), and found upregulation of HELLS in patients with low 

survival (Figure 1C-D). To further investigate the role of HELLS, we 

used RNAi to knock down HELLS in the HL-60 promyelocytic cell 

line. Loss of HELLS reduced the proliferative nature of HL-60 cells, 

Focus of the lab

Hematopoietic differentiation is orchestrated mainly by 

transcription and epigenetic factors that determine the fate of 

hematopoietic cells. The myeloid lineage, which consists of 

basophils, eosinophils, neutrophils, monocytes, macrophages, 

erythrocytes, and platelets, arises from hematopoietic 

stem/progenitor cells. The primary focus of my group is to 

understand the role of a class of epigenetic factors called ATP-

dependent chromatin remodelling complexes (CRCs) in normal 

and malignant myelopoiesis. CRCs, mostly multi-subunit 

complexes, regulate gene expression by modulating chromatin 

architecture and the interaction of chromatin with various 

factors. Mutations and alterations in the expression of the CRCs 

have been implicated in various diseases. Our broader goal is to 

understand the functions of CRCs in normal and malignant 

myelopoiesis. We are utilizing high-throughput transcriptomic 

and chromatin accessibility data to identify differentially 

expressed CRCs in samples from individuals with normal and 

acute myeloid leukaemia (AML), selecting them for experimental 

validation, and subsequently understanding their gene regulatory 

mechanisms.

accompanied by the expression of differentiation markers (data 

not shown). HL-60 cells can be easily differentiated to granulocytes 

using all-trans retinoic acid (ATRA). We differentiated control and 

HELLS knockdown HL-60 cells with ATRA for 48 h and stained them 

with May-Grünwald Giemsa dye. Significant alterations in the 

nuclear morphology were observedin both uninduced and 

induced HELLS knockdown samples compared to that in the vector 

control (Figure 2). This study strongly suggests the role of HELLS in 

the maintenance of stemness of hematopoietic cells and 

promotion of myeloid differentiation in its absence. The 

mechanistic details of HELLS functions are under investigation.
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Role of SMARCD1 in myelopoiesis.

The SWI/SNF complex, an ATP-dependent chromatin remodeller, is 

highly conserved from yeast to humans. The ~ 2 MDa complex 

consists of 915 auxiliary subunits, with BRG1 or BRM as the catalytic 

subunit. Aberrant expression or association of auxiliary subunits are 

involved in developmental defects and diseases. The SMARCD 

family has three auxiliary subunits, namely, SMARCD1, SMARCD2, 

and SMARCD3. SMARCD1 regulates embryonic stem cell 

differentiation and gluconeogenesis, SMARCD2 is essential for 

granulopoiesis, and SMARCD3 is required for cardiac and skeletal 

muscle differentiation. We have investigated the role of SMARCD1 

in the hematopoietic system. Curation of data from public datasets 

showed high level of SMARCD1 expression in hematopoietic 

stem/progenitor cells. This prompted us to investigate the potential 

role of SMARCD1 in the maintenance/self-renewal of HSCs or 
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myeloid differentiation. We knocked down SMARCD1 in two 

promyelocytic cell lines, HL-60 and U937, using RNAi (Figure 2). 

The loss of SMARCD1 enhanced the levels of CD14/CD11b, 

indicating self-differentiation of promyelocytes. We differentiated 

these cells into monocytic and granulocytic pathways by inducing 

with vitamin D3 and ATRA. Interestingly, we found that loss of 
+SMARCD1 dramatically increased the numbers of CD14  and 

+CD11b  cells compared to that in the vector control group. RNA-

sequencing of SMARCD1 knockdown and vector control cells 

showed upregulation of several genes associated with myeloid 

differentiation. Gene Ontology analysis of the differentially 

upregulated genes in SMARCD1 knocked down cells revealed 

enrichment of terms associated with differentiation-specific 

biological processes, inflammatory response, cell migration, and 

chemotaxis. The mechanistic details are currently being 

investigated to understand gene regulation by SMARCD1.

Fig. 1:  HELLS transcription in normal and malignant hematopoietic cells. Relative gene expression of HELLS in progenitor (P), lymphoid (T & B), and myeloid 

cells (M). Microarray gene expression data from Bloodspot data showing HELLS expression across hematopoietic stem/progenitor cells and differentiated 

myeloid cells. (B) Gene expression data from TCGA data sets plotted using Gepia2 show significantly high expression of HELLS in AML (C). Overall survival plot 

of HELLS in patients with AML (D).

Fig. 2: Loss of HELLS promoted granulocytic differentiation. HELLS was knocked down in HL-60 cells using RNAi and the cells were left untreated (A) or 

induced (B) with ATRA and stained with May-Grϋnwald Giemsa dye to observe the changes in nuclear morphology. 

Fig. 2:  Loss of SMARCD1 promoted myeloid differentiation. Transcriptomic 

changes associated with SMARCD1 knockdown. Heat map representing 989 

significantly (fold change > or < 1.2; FDR < 0.05) differentially expressed genes 

upon knocking down of SMARCD1 in HL-60 cells. (A) Volcano plot of the heat 

map with upregulated and downregulated genes (B). Gene expression of 

select myeloid-specific differentiation genes that are upregulated upon 

knocking down SMARCD1 (C). 
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Focus of the lab

The research team is working on chemistries and techniques for 

developing biomimetic systems, which can be used as 

biomaterials, from both biological and synthetic sources. For the 

synthetic systems, we mostly study polymers and their chemistry, 

while for the biological systems, we have focused on extracellular 

vesicles. The expected outcome is to develop biomaterial 

constructs integrated with tailored functionalization strategies 

for various biotechnology-related applications. 

Research Activities

Deciphering the role of exosomes as biomaterials in the 
bone microenvironment.

The objective of the project is to understand the role of nano-

sized extracellular vesicles (EVs) and exosomes in the bone 

regeneration process. In this study, exosomes were isolated from 

mouse pre-osteoblast MC3T3-E1 cells and characterized. 

Furthermore, their integration into polymer scaffolds, along with 

their in vitro osteogenic ability, was investigated. Exosomes, 

isolated using the conventional ultracentrifugation method, were 

uniform in shape and 3050 nm in diameter (Figure A-i). EV-

specific markers were used for further confirming the identity of 

the exosomes (Figure A-ii) and their incorporation by cells at 

different time points was determined. Both microscopy and flow 

cytometry indicated sufficient cellular uptake after 12 h (Figure A-

iii, iv). Compared to the control (cells untreated with exosomes), 

the exosomes promoted cell proliferation in a time- and 

concentration-dependent manner (Figure B). High expression of 

some osteogenic markers (ALP, RUNX2, COL-1) was observed. To 

further promote and preserve the therapeutic potential of 

exosomes, polysaccharide polymer scaffolds were introduced 

because of their excellent biocompatibility, biodegradability, and 

ability to form matrix. The polymer scaffolds showed porous 

interconnected morphology, with pore size ranging from 50100 

µm (Figure C-i). The presence of cells on the scaffold matrix was 

further confirmed using haematoxylin-eosin (H & E) staining 

(Figure C-ii). 

Polymeric nanoformulation for safe and efficient delivery 
of bisphosphonates.

Bisphosphonates (BP) are agents that can prevent bone loss by 

directly acting on osteoclasts, and their efficacy as a potential 

drug for several bone disorders has been confirmed. However, 

the pharmacokinetics of oral formulations of bisphosphonates is 

poor, which significantly limits their efficacy, along with some 

negative side effects. In an attempt to overcome these 

limitations, nanoformulations containing the drug were prepared 

and efficacy studies were performed in K7M2, MC3T3E1 cell lines. 

The BP drug encapsulated in nanoparticles can be better targeted 

to the target cell (osteoclast or osteosarcoma) without perturbing 

the differentiation and growth of normal osteoblasts. In our 

study, we observed that zolendronate (Zol) was the most potent 

cytotoxic aminobisphosphonate exerting deleterious effects on 

both normal and cancerous bone cells. Zol was encapsulated 

inside  (PLGA) nanoparticles to poly(lactic-co-glycolic acid)

enhance their therapeutic efficacy while not affecting the normal 

preosteoblastic cells. Zol-loaded nanoparticles (Zol-NPs) were 

found to be effective on K7M2 osteosarcoma cells, although a slow 

cytotoxic effect was observed. Furthermore, normal MC3T3E1 

cells were not affected by the adverse effects of Zol when present 

in the nanoformulation. Compared to the native drug, Zol-NPs did 

not affect the differentiation of MC3T3E1 cells. ALP (alkaline 

phosphatase, a bone formation marker) activity was not affected 

by Zol-NP treatment. Zol is released in a sustained manner at 

physiological pH and that of the tumour microenvironment, 

although a slower release profile was observed at this pH. The 

polymeric nanoparticles are also sufficiently incorporated by 

K7M2 cells after 24 h; however, more uptake by osteosarcoma 

cells is required to considerably reduce the IC50. 
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Fig. 1. (A) Characterization of isolated exosomes. i) SEM showing circular morphology of exosomes and average size of 200 nm. ii) Western blotting 
showing the presence of EV-specific markers (CD81 and Tsg-101). iii) Confocal microscopy revealed exosome uptake by host cells after 12 h of co-
incubation. PKH67 (green) tagged exosomes, phalloidin (red) stained MC3T3 cells, and DAPI (blue) stained the nuclei; scale bar, 25 µm. iv) Flow 
cytometry showing the percentage of cells (86.51%) positive for PKH67-tagged exosomes after co-incubation for 12 h. (B) Cell proliferation was induced 
by different concentrations of exosomes and at various time points, as evaluated using the WST-1 assay. (C) i) Physical characterization of chitosan 
scaffolds using SEM showing morphology and average pore size of 50- 100 µm; ii) biological characterization of chitosan scaffolds after cell seeding, 
fixing, sectioning, and histological staining. Arrows show haematoxylin-stained cells and stars show eosin-stained scaffold matrix. 
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Research Activities

Cytotoxic T cell, ROS and Immuno suppression.
+The role of interleukin (IL)-21 has been well elucidated in CD4  T 

cells, where it mostly helps in differentiation of follicular T cells 
+(Tfh). However, its role in CD8  T cell differentiation is not well 

defined and is an area of active research. Although, reports have 

shown increase in cytotoxic potential of natural killer (NK) and 
+CD8  T cells in lymphocytic choriomeningitis virus (LCMV)-infected 

+mice after addition of IL-21, their role in human CD8  T cell 

differentiation and in autoimmune disorders such as SLE is yet to 
+be ascertained.  Importantly the role of IL-21 in modulating CD8  T 

cell cytotoxicity and aberrancy is not defined.  For understanding 

the role of cytotoxic T cells in autoimmunity, we have isolated and 
+examined CD8  T cells from peripheral blood mononuclear cells 

(PBMCs) of healthy individuals and differentiated them into Tc1 in 

+Fig. 1A. Differentiation of CD8  T cells in the presence of IL-21 increases 

the production of cytotoxic molecules, as shown by the expression of IFN- 
+and Gr-B. 1B.  CD8  T cells in patients with SLE express high amounts of 

cytotoxic proteins such as Gr-B, Perf-C, and IFN-g, and markers of 
follicular Tfh such as CXCR5, ICOS, and PD-1.  

+Fig.2. CD4  T cells in RA synovial fluid express multiple pro-inflammatory 

cytokines, namely, IL-17, IFN-g, GM-CSF, and TNF-α.  Among the multiple 
+ + + cytokine positive populations, the IL-17 TNF-α GM-CSF population 

expresses high levels of RANKL and low levels of FasL.

Focus of the lab

The primary focus of our lab is to understand immune responses in 

both physiological and pathological status, with special focus on 
+ +the adaptive arm. The characterization of T cells (CD4  and CD8 ) in 

physiologically relevant conditions helps us in having a better 

understanding of how these cells respond during autoimmune 

diseases such as Rheumatoid Arthritis, SLE as well as chronic 

infections including malaria, Hep-B pathologies. To that end, T 

helper and cytotoxic subsets have been examined in the above 

diseases and have been shown to have altered characteristics, 

including insensitivity to death. Our attempts to generate these 

aberrant T cells ex vivo have not been successful as the appropriate 

pathological milieu cannot be replicated ex vivo.  Subsequently 

animal models to resemble the above human diseases have been 

used to study primary cells, animal models and human immune 

pathology models to ask biologically and clinically relevant 

questions.



the presence of IL-2 and IL-12 and 'Tc21' in the presence of IL -2 and 

IL -21, and determined the levels of transcription factors and 
+cytokines. Here, we found that CD8  T cells differentiated in the 

presence of IL-21 (Figure 1a) expressed significantly higher levels of 

IFN-g and granzyme-B than the control “Tc1”, indicating that IL-21 is 

responsible for transforming cells into a phenotype, which is highly 

inflammatory and cytotoxic. These cells also expressed high levels 

of T-bet, Ror- gt, Foxp3, IL-10, and IL-17.  On the basis of these 

preliminary results, we intend to investigate how these aberrant 

cells behave in SLE (Figure 1b) and whether they can be targeted for 

therapeutic purposes.

Role of aberrant helper T cells in Rheumatoid Arthritis. 

RA, an autoimmune inflammatory disorder, is characterized by 
+infiltration and predominance of various CD4  T cell subsets (Th1 & 

Th17).  population expresses high levels of RANKL and low levels of 

FasL. Our study aims to characterize the Th1 and Th17 cells in RA 

synovial fluid (SF) in terms of the inflammatory cytokines, 

transcription factors, and surface markers produced. Our 

preliminary studies on RA PBMCs have shown that these cells 

express high levels of multiple pro-inflammatory cytokines. 

Furthermore, extensive studies on RA SF have shown that the 

cytokine milieu in RA blood is only a preview of the highly 

inflammatory microenvironment present at the target site.  In 

addition, these multiple cytokine-expressing population of cells 

express significantly high levels of RANKL (Figure 2), indicating their 

involvement in bone erosion. This is in direct contrast to the 

terminally differentiated Th1 and/or Th17 cells from healthy 

controls, which do not exhibit this multiple cytokine phenotype 

and express basal levels of RANKL. Our ex vivo studies suggest that 

the cytokine milieu and inflammatory environment are involved in 

subverting this physiologically relevant T cell phenotype to an 

aberrant one that significantly expresses high levels of RANKL. 

Based on these studies, we aim to identify and target specific 

cytokines or mixture of cytokines responsible for transforming the 

physiologically relevant Th1 or Th17 cells to their aberrant 

counterparts, leading to tissue inflammation and bone 

destruction.
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Immunogenomics and Systems Biology

Dr. Sunil K. Raghav
Principal Investigator

Research Activities

Nuclear receptor co-repressor 1 (NCoR1) controls DC 
development.

We have recently reported that NCoR1 depletion in conventional 

type I (cDC1) DCs induce strong tolerogenic behaviour, 

consequently increasing the frequency of regulatory T cell (Treg) 

development ex vivo and in vivo. During the ex vivo validation of 

these results in primary bone marrow cells, we found that the ratio 

of cDC1 cells was higher than that of cDC2. Therefore, we further 

investigated this in the spleen of DC-specific NCoR1 knockout (KO) 

and control mice and found the difference to be significant (Figure 

1A). The balance between cDC1 and cDC2 is critical for maintaining 

the homeostatic balance among inflammatory stimuli. This 

prompted us to further investigate the molecular mechanism 

underlying this NCoR1-mediated differences in DC development. 

Toward this, we profiled the bone marrow DC precursors from 

control and NCoR1 KO animals and found that the number of cDC1 

precursors of pre-cDC1 were considerably higher than that of pre-

cDC2 (Figure 2). This clearly showed that NCoR1 controls some DC 

lineage determining transcription factor (TFs) in the early-stage 

bone marrow DC precursors and that NCoR1 depletion perturbs 

this balance. Furthermore, to identify the TFs that are differentially 

regulated in NCoR1-depleted splenic DCs and pre-cDCs, we 
+performed single cell transcriptome analysis of spleen CD11c  cells 

+i.e. DCs and CD11c -sorted DCs from the bone marrow. We 

identified different DC subtypes based on single cell gene 

expression and clustering analyses and found that the fraction of 
+CD8  DCs was significantly higher in the spleens of NCoR1-depleted 

animals than in that in the controls. Furthermore, we analysed the 

TFs and found that the cDC1 lineage-determining TFs, ID2, IFR8, 

and BATF3 were significantly upregulated in the NCoR1-depleted 

CD8 DC cluster (Figure 1B). We are now investigating these in the 

bone marrow and further validating the role of these differential 

TFs in NCoR1-mediated DC development.
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Focus of the lab

The main goal of the Immunogenomics and Systems Biology 

laboratory is to understand how our immune cells, in particular, 

dendritic cells (DCs), develop pathogen- or signal-specific immune 

responses. DCs are the major antigen-presenting cells (APCs) that 

link innate and adaptive immunity and are responsible for 

educating T cells in our body. Upon encountering various 

pathogens, DCs migrate to the nearby draining lymph nodes and 

educate naïve T helper (Th) cells to differentiate to functional 

subsets such as Th1, Th2, Th17, or Tregs to clear pathogens and 

prevent immune pathology. Therefore, we aim to identify the 

molecular targets perturbed in DCs that may skew T cell function 

and thereby ameliorate disease pathology. Recently, our group has 

started developing perturbed haematopoietic stem cells (HSCs) to 

develop immune-modulated DCs and T cells. In addition, our group 

is also attempting to understand the genetic predisposition of 

different populations by performing whole genome/exome 

analysis of different tribal population groups of Odisha.



DC-/- Fig.1.  A) NCoR1 depletion enhances cDC1 development in mice with concomitant decrease in cDC2. B) Bone marrow of NCoR1 KO animals have reduced cDC2 
precursors (Pre-cDC2) with an increase in cDC1 (Pre-cDC1) precursors. 

NCoR1- and SMRT-mediated metabolic regulation of DC  
immune function.

DC have been long studied for their role in antigen presentation 

and processing. In addition, DCs also exhibit a plethora of 

metabolic reprogramming events aided by TFs and co-regulators, 

such as NCoR1 and SMRT. The metabolic contributions of these TFs 

have been studied extensively in adipose tissue and muscle cells. 

Ahad et al. have shown the role of NCoR1 in tolerogenic function of 

cDC1 DCs, whereas SMRT KD DCs, which share approximately 40% 

homology with NCoR1, exhibited enhanced inflammatory 

responses. In this study, we aim to understand how NCoR1 and 

SMRT contribute to this immune contradiction via metabolic re-

programming events.

Our preliminary observations showed remarkable increase in 

glycolysis, as shown by increase in the mRNA levels of rate limiting 

enzymes such as pfkb, hk2, and pkm2, and increase in oxidative 

phosphorylation in NCOR1 KD DCs. Concomitant increase in 

lactate secretion, decrease in pyruvate and glutamine oxidation, 

and enhancement in fatty acid oxidation supported the observed 

tolerogenic phenotype. At the regulatory level, differential 

expression of p-PI3K/p-AKT/p-mTOR and HIF1α defines the 

glycolytic metabolic state of the cells. Increase in fatty acid 

synthesis from citrate and its conversion to acetyl Co-A via β-

oxidation play a pivotal role in generating reducing powers for 

oxidative phosphorylation (Figure 2). Specific inhibitors of m-TOR 

(rapamycin), HIF-1α (KC7F2), and β-oxidation (etomoxir) were 

used for further validation. The inhibitor studies provided insights 

regarding the interplay of specific metabolic pathways in the 

secretion of tolerogenic and inflammatory cytokines. We also 

performed combined inhibitor studies using KC7F2 and etomoxir, 

which resulted in reduction in the levels of IL-10 and IL-27, with 

either little or no change in IL-12 and IL-6 levels. Further validation 

in terms of T-cell polarization is warranted to confirm our finding. 

Fig.2. NCoR1-mediated metabolic control of the regulation of DC 

immune-tolerance.
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the RANKL promoter region; results revealed that the presence of the 

mutant 'T' allele determines reduction (2.3-fold, P = 0.0322) in RANKL 

expression (Figure 1A). This suggested that the variant -643C>T might 

be affecting susceptibility to OTSC. We have also assessed DNA 

methylation, which is a key regulator of transcription. Quantitative 

methylation-specific PCR (qMSP) was performed to determine the 

relative methylation level of OPG and RANKL in 20 case-control 

subjects; the OPG methylation status was found to be distinctly higher 

than that of RANKL in OTSC cases (Figure 1B & C). The differences 

observed in methylation levels may influence the transcription of these 

genes and osteoclastogenesis. Hence, our findings collectively 

demonstrate the influence of RANKL and its decoy receptor, OPG, in 

bone homeostasis, which may be involved in the onset and progression 

of the disease. In future, the global N6-methyladenine (6mA) 

modification will be assessed in DNA and RNA to understand the exact 

mechanism and its regulatory role in OTSC.

Otitis media and the role of important genetic variants of 
SMAD2, TGFβ1, and ISL1 in its pathogenesis.

OM is a complex inflammatory disorder of the middle ear involving 

genetic and environmental factors. It onsets during childhood, often 

recurs and perplexes in genetically susceptible patients. To investigate 

the genetic susceptibility of OM, we targeted genes such as SMAD2, 

TGFB1, and ISL1 on the basis of previous human and murine studies. 

The SMAD2 SNP rs1792658 was tested in 138 CSOM patients and 

controls each, the minor allele frequency 'C' was found to be 0.46 in 

cases and 0.42 in controls. SNP rs1792658 is associated with OM in the 

Australian population; however, this was not observed in our study 

population, possibly because of differences in ethnicity. TGF-β1 

regulates inflammatory pathways by interacting with SMADs, GPCRs, 

and ERKs. The SNP, rs1800469, is an important promoter variant 

Focus of the lab

The convergence of public health science and genetics may 

improve our understanding regarding the aetiology, prevention, 

and management of complex diseases;  hence, our 

Human/Medical Genetics laboratory is involved in studying 

polygenic rare paediatric and familial disorders in the Indian 

population. The sense organs act as the keys for survival during 

evolution. Auditory sense is an important trait and its 

deterioration tremendously impacts the quality of life. To 

understand the genetics of hearing impairment, we focused on 

three major hearing disorders, namely, otosclerosis (OTSC), 

congenital hearing loss (CHI), and otitis media (OM). We are 

attempting to understand the genetic and epigenetic mechanisms 

underlying the pathophysiology of these illnesses using linkage 

analyses, candidate gene association studies, mutation analyses, 

and whole methylome sequencing of samples from patients and 

healthy individuals. Functional validation of mutations/associated 

variants were performed using human tissue-specific expression 

analysis and in vitro studies. We are also streamlining the use of 

zebrafish as a model organism for studying hearing impairment 

using CRISPR/Cas9-based tools. Genetic counselling, diagnostics, 

and treatment are our long-term outreach goals.

Research Activities

Deciphering the genetic and epigenetic role of RANK ligand 
(RANKL) and osteoprotegerin (OPG) genes in OTSC.

OTSC is a rare condition in which sponge-like bone growth in otic 

capsule results in fixation of stapes, blocking the amplification of sound 

and leading to hearing loss. In this study, we investigated the 

involvement of genetic and epigenetic changes in bone homeostasis 

genes, OPG and RANKL, in susceptibility to OTSC. Recently, we have 

shown the association of the -643C>T (rs9533156) single nucleotide 

polymorphism (SNP) in RANKL with OTSC, where the minor allele 'T' 

frequency was found to be higher in cases than in controls. We 

performed luciferase assay to determine the impact of this variant in 

53

GENETIC AND AUTOIMMUNE DISEASES



associated with many chronic diseases. However, the association 

analysis did not reveal any significant association in this study [p value = 

0.18 and odds ratio (0.65) with 95% CI = 0.36 to 1.17]; we may find 

association upon increasing the sample size. Previously, we have 

shown the association of ISL1 variants with OM and elevated 

eosinophils. Recently, we performed combinational haplotype 

analysis, which confirmed A-A-G-C-A to be a risk haplotype in females, 

whereas G-A-C and A-G-C were found to be protective and risk 

haplotypes for OM, respectively. This is the first report regarding 

hearing-related disorders such as CSOM in humans. The effect of 

transcriptional and translational variations in SMAD and TGFB1 would 

be further investigated. The associated ISL1 variants are being 

functionally characterized using allele-specific cloning and in vitro 

transcription/translation methods.

Functional validation of hearing loss-associated genes and 
mutations using zebrafish model.

Hereditary hearing loss is a frequent sensory disorder characterized by 

ethnicity-specific variability and considerable genetic heterogeneity. 

Previously, we have identified mutations in 20% cases of non-

syndromic hearing loss (NSHL), with mutations in GJB2 (14.2%) being 

the most prevalent, which showed digenic inheritance with GJC3 and 

CLDN14 mutations in our cohort. We are currently aiming to validate 

the pathogenic candidate genes using CRISPR/Cas9-based targeted 

mutagenesis in zebrafish. MYO7A, mutations in which are responsible 

for recessive and dominant forms of NSHL and Usher 1B syndrome, was 

targeted in zebrafish. Based on known human mutations, two single-

guide RNA (sgRNA) sites were selected in exons 4 and 30 of the 

zebrafish ortholog, myo7aa, targeting the N-termini of motor head and 

first FERM domains of the protein, respectively. In vitro transcribed 

spCas9 capped mRNA and the sgRNAs were co-injected into single-cell 

zebrafish embryos. The somatic mutagenesis efficiency of myo7aa-

exon4-sgRNA was determined to be 87.5% after genotyping in 48 hours 

post-fertilization (hpf) injected embryos using high resolution melting 

and heteroduplex analyses (Figure 2A & B). Hair cell vital staining in 5 

days post-fertilization (dpf) embryos displayed reduction in the 

number of functional lateral line neuromasts compared to that in the 

control fish (Figure 2C), whereas, exon30-targeted F0 embryos did not 

show this altered sensory phenotype. Our initial results confirm the 

success of the CRISPR/Cas9 system in the zebrafish model of an 

auditory disease. Our future plan includes phenotypic evaluation of 

inner ear function in homozygous myo7aa CRISPR mutants. We are 

simultaneously characterizing the hearing-associated function of novel 

candidate genes in zebrafish. Our long-term objective is to perform 

multiplex precise targeting of genes using CRISPR-Cas9 base editing 

approach to understand the rare digenic inheritance of hearing 

impairment.

Fig. 1. (A) Luciferase assay revealed decrease in gene expression in mutated RANKL 

promoter compared to that in the wild type. (B, C) Quantitative methylation-

specific PCR (qMSP) showed that methylation status of OPG was higher than that of 

RANKL in cases.

Fig. 2.  Genotyping and phenotyping in myo7aa exon4-targeted F0 embryos. (A) High 

resolution melting curve. (B) Heteroduplex analysis. (C) Vital staining in lateral line 

hair cells showed reduction in the number of neuromasts in 5 dpf injected embryos.
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RNA Biology
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Principal Investigator

quality RNA, free of genomic DNA contamination, using magnetic 

silica beads without the additional DNase digestion step (Figure 

1A). Notably, our cost-effective method also enables simultaneous 

purification of both the total RNA and small RNA fractions, 

including miRNAs, which usually require a separate kit for 

extraction (Figure 1B). In addition, the RNA prepared using our 

method was suitable for mRNA, circRNA and miRNA expression 

analysis using reverse transcription-quantitative polymerase chain 

reaction (RT-qPCR) (Figure 1C). Conclusively, the in-house method 

of RNA isolation using magnetic silica beads exhibited comparable 

or even better total RNA extraction than many commercial RNA 

isolation kits at low cost and can be used for a wide range of cells 

and tissues.

Role of age-associated circular RNAs in skeletal muscle .

Circular RNAs (circRNAs) are a newly discovered family of 

regulatory RNAs generated via the backsplicing of pre-mRNAs. 

Genome-wide profiling of circRNAs revealed that circRNAs are 

ubiquitously expressed and regulate gene expression by acting as a 

sponge for RBPs and miRNAs. The importance of circRNAs in 

development and aging is now well known. To identify circRNAs 

expressed in the skeletal muscles of young and old mice, we 

performed high-throughput RNA-sequencing, followed by 

annotation of circRNAs using the CIRCexplorer algorithm. We 

identified more than 1,200 circRNAs in total, with the aged skeletal 

muscle expressing higher number of circRNAs than the young 

muscle. A subset of abundant circRNAs was analysed using RT-

qPCR to identify the circRNAs that are differentially expressed in 

old skeletal muscle compared to in young muscle. We predicted 

relevant circRNA-miRNA-mRNA regulatory networks. The Gene 

Ontology (GO) and Kyoto Encyclopaedia of Genes and Genomes 

(KEGG) analyses of the genes regulated by these circRNAs 

indicated association with various pathways related to muscle cell 

physiology. Together, our study has identified age-associated 

circRNAs and their potential role in gene regulation in skeletal 

muscle.

Focus of the lab

Recent advances in high-throughput sequencing technologies have 

revealed that the majority of the transcriptome is noncoding in 

nature. RNA-sequencing, coupled with novel bioinformatics 

methods, has resulted in the identification of more than a million 

circular RNAs (circRNAs) in humans. However, the function of the 

majority of the circRNAs remains unknown. Although the novel 

circular transcripts have been extensively characterized, the 

biological function of these intriguing circles remains unclear. 

Increasing evidence suggests that circRNAs act as decoys for RNA-

binding protein (RBPs), as microRNA (miRNA) sponges, and as 

templates for protein translation. Indeed, little is known regarding 

the functional interaction of circRNAs with mRNAs and the 

function of the products translated from circRNAs. Our group is 

interested in developing new technologies to identify and 

understand the role of poorly characterized circRNAs in pancreatic 

β-cell function and skeletal muscle regeneration.

Research Activities

A cost-effective method for DNA-free RNA isolation using 
magnetic silica beads.

The currently available RNA purification methods use silica-based 

columns that allow rapid isolation of  sufficient quantities of high-

quality RNA. However, some of the significant limitations of these 

protocols include high cost, requirement of different kits for small 

RNA isolation, genomic DNA contamination, and lack of flexibility. 

The commercial RNA isolation kits with silica-based columns 

recommend genomic DNA digestion during or after RNA 

purification, which increases the delivery time and cost of the 

overall RNA purification method. We have developed an optimized 

in-house RNA isolation reagent and a method for isolating high-
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Fig.1. Isolation of DNA-free RNA from HeLa cells with magnetic beads. A. Schematic representation of isolation of total RNA and small RNA with MagSure 
All-RNA Isolation kit. B. DNA-free total RNA, long RNA, and microRNA prepared from HeLa cells were resolved on a denaturing agarose-formaldehyde gel 
and visualized on a UV transilluminator. C. The RT-PCR products of Gapdh, Actb, circSamd4, circRras2, and circTcf20 were visualized in a SYBR Gold-stained 
2.5% agarose gel.  
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regulators of stress response in plants.

We have isolated the partial sequences of these genes from the 

assembled transcriptome of little millet. Quantitative reverse 

transcription-polymerase chain reaction (qRT-PCR) has validated 

the stress responsive differential expression of these genes. Their 

full-length sequences are being generated using 5&3 rapid 

amplification of cDNA ends (RACE). In addition, we are also 

developing methods for customising plant transformation. The 

full-length genes from both the plants will be used to transform 

model systems, such as tobacco and rice, for functional 

characterization of these genes (Figure 1).
 
Whole genome sequencing of Moringa oleifera and 
genome wide analysis of important gene families.

Moringa oleifera (drumstick), a tropical plant known for its 

nutritious leafy greens, flower buds, and mineral-rich fruit pods, is 

an excellent source of vitamins A and C. It also contains many vital 

Focus of the lab

The major focus of our lab is to understand the important 

molecular mechanisms that regulate plant response to abiotic 

stress and improve the nutritional value of plants. We use an 

integrated “omics” approach, which includes identifying the 

regulatory mechanisms and the genes involved in the process, and 

functional characterisation of identified gene(s) for genetic 

improvement of important crop plants. We use contemporary high 

throughput sequencing analysis to generate genome and 

transcriptome assemblies for selected climate-resistant plants, 

which are used to identify novel genes that may be crucial for the 

abiotic stress response of plants. In addition, we are also focusing 

on generating genomic resources from underutilised nutritious 

species for addressing micronutrient malnutrition among the 

tribal and rural communities. 

Research Activities

Transcriptome analysis of little millet for identification of 
genes regulating abiotic stress tolerance.

Sustaining and improving crop productivity in response to the 

changing climate is a matter of global concern. Hence, 

understanding plant responses to various abiotic stresses is critical 

for mitigating the detrimental effects leading to heavy yield loss, 

improving stress tolerance, and enhancing productivity. In this 

context, detailed study of locally adapted and underutilised 

species that are more nutritious than staple food crops holds 

significant promise. We have selected Panicum sumatrense, a 

promising, drought-tolerant, and subsistence millet species, for 

generating genomic resources that can be used for understanding 

changes at the transcriptome level in response to salt and drought 

stresses and as a source of novel genes regulating stress response, 

which can fulfil the nutritional needs of a growing population.
 
The leaves and roots samples of 12 samples of P sumatrense were 

sequenced in replicates (control and drought- and salt-stressed). 

This generated 265.26 million clean reads, which were used to 

generate the assembled transcriptome of P. sumatrense using 

three assemblers, namely, Trinity, BinPacker, and rnaSPAdes. The 

final assembly consisted of 86,614 unigenes with N50 value of 

1,756 bp, with the largest unigene being more than 16 kb in length. 

The majority of the unigenes were 501–1000 bp in length. The 

largest difference in gene expression pattern was observed in the 

case of salt-treated roots versus the control, where 1,187 unigenes 

were found to be significantly differentially expressed, with 738 

unigenes being upregulated and 449 unigenes being 

downregulated. In contrast, drought stress induced by 

polyethylene glycol (PEG) led to upregulation of 241 differentially 

expressed genes (DEGs) and downregulation of 134 DEGs in roots, 

showing that salinity stress affected the plant roots more than 

drought. From this analysis, we have identified several 

transcription factors and ribosomal protein-coding genes, as well 

as some “uncharacterised” genes that are not annotated in public 

databases. These potentially novel genes could be important 
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B-complex vitamins such as folates, vitamin-B6, thiamine, 

riboflavin, pantothenic acid, and niacin. M. oleifera leaves are one 

of the best sources of calcium, iron, copper, manganese, zinc, 

selenium, and magnesium. Indeed, various parts of this plant have 

been used for obtaining health benefits and in treating several 

health conditions.

Abiotic stress factors adversely affect the nutritional quality of 

plants. The present study was designed to determine the role of 

heat stress transcription factors (HSFs) in regulation of vitamin C 

biosynthesis using a genomics approach. Vitamins A, C, and E are 

required for the antioxidant activity of Moringa. HSFs are also 

known regulators of abiotic stress (especially salinity) response in 

plants. We have generated and assembled a draft genome 

sequence of M. oleifera (var. Bhagya). Analysis of the effect of 

abiotic stress on nutritional value, as well as understanding the 

genomics of nutrient assimilation, will enable us to correlate and 

study the interaction of the genes responsible for utilisation of 

vitamin C with those involved in reactive oxygen species (ROS) 

scavenging and regulation by HSFs in the presence or absence of 

abiotic stress.

We have completed the whole genome sequencing and assembly 

of M. oleifera using both long and short reads. The assembly 

generated 915 scaffolds with N50 value of 4.7 Mb. Annotation with 

Arabidopsis trained model predicted ~ 30,000 protein coding 

genes. The present assembly represents one of the best hybrid 

assemblies of M. oleifera genome with more than 300× coverage. 

Sequence homology analysis shows that the genes of M. oleifera 

are highly similar to the genes of Theobroma cacao, a known source 

of important secondary metabolites such as polyphenols, sterols, 

and tocopherols.

We have identified the HSFs in M. oleifera genome. HSFs are an 

important gene family involved in stress response in plants, and 

recent reports have linked HSFs to regulation of pathways that 

enhance the nutritional value of plants. Genes encoding ascorbate 

Fig. 1. Expression analysis of the unigenes that overlap in the leaf and root tissues during drought and salinity stress. (a) Venn diagram depicting the 
overlapping and unique unigenes in leaf and root tissue of little millet (b) Heat map depicting in silico differential expression of unigenes common to salinity 
and drought stress in leaf and root tissue.
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Fig.2. . (a) Phylogenetic analysis and gene structure of HSFs in M. oleifera and (b) comparison with reported HSFs in other species.
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peroxidase (APX) are known to be regulated by HSFs and are 

differentially expressed during drought in the root tissues of M. 

oleifera. APX is plant-specific enzyme with affinity for ascorbate, 

which catalyses the reaction of ascorbate with H O , leading to its 2 2

efficient removal. Expression analysis showed the preferential 

expression of members of the HSF family during drought stress in 

M. oleifera.

We propose to perform differential expression analysis of the APX 

genes in M. oleifera and correlate their expression with those of 

HSFs. One of the APX candidates will be selected to perform 

confirmatory analysis of interactions with HSF using yeast one 

hybrid assay and DNAse I footprinting. We intend to identify M. 

oleifera genotypes that have better nutritional value and the effect 

of HSFs on the nutritional value of plants.
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Focus of the lab

Salinity and drought are the major environmental factors 

influencing crop production, and crop loss due to these factors 

exceeds that due to genetic factors that restrict crop yield. Genetic 

factors constraining rice yield result in poor spikelet fertility in the 

large panicle. The infertility of the spikelets, primarily of the 

spikelets occupying inferior position on the panicle, can be as high 

as 50%. Our aim is to identify the environmental factors that 

determine tolerance to drought and salinity in plants, as well as 

the genetic factors that constrain rice yield by affecting the 

biochemical processes of grain filling. We intend to use 

biotechnological interventions to overcome both the constraints 

restricting crop yield.  

Research Activities
2+Augmenting salt tolerance in rice via Ca -induced 

alteration of biochemical events.
2+Although the protective effect of Ca  against NaCl toxicity was 

2+known even before the identification of the Ca  sensor SOS3 and 

SOS3-mediated regulation of SOS1 via SOS2, the mechanistic 

details of this ameliorative effect is not understood. Previously, we 

have demonstrated salt tolerance in rice as a function of 
+ +SOS1/PM-H ATPase Na  exclusion module. In this study, we aimed 

2+to investigate the influence of Ca  on expression and/or activity of 

effectors and regulators involved in the maintenance of ion 
2+homeostasis in plants challenged with NaCl. Ca  reduced uptake 

+ + +of Na , concomitant with a higher tissue K /Na  ratio in the 

seedlings, which were comparatively more in the salt-tolerant 

Nona Bokra than in the sensitive IR-64, together with significant 
+increase in the activity of root PM-H ATPase in the former, but not 

in the latter. Unlike that observed in IR-64, the higher antagonism 
2+observed in Nona Bokra could be the result of Ca  signalling-

+mediated increase in the activity of PM-H ATPase, either as a result 
2+of its phosphorylation caused by a significant Ca -dependent 

2+increase in expression of OsCIPK24 or significant Ca -mediated 

increase in transcription of 14-3-3 or both. Thus, manipulation of 
2+the expression of the 14-3-3 proteins and the Ca -dependent 

kinases phosphorylating PM-H+ATPase can be an important 

strategy for improving salt tolerance in rice, work on which is 

underway.

Spatial difference in the expression of cell cycle regulators 
determines differential grain filling in the apical and basal 
spikelets of large panicle in rice. 

The production of rice, a staple crop, has to be increased 

significantly to meet the demands of the increasing world 

population. In this context, although the rice breeding 

programmes have been successful in increasing the number of 

spikelets per panicle, the basal spikelets remain poorly filled, 

undermining the yield potential. Previously, differential grain filling 

in the apical and basal spikelets was found to be due to poor 

expression of the starch synthesizing enzymes in the latter. Here, 

we report that unlike that observed in the lax-panicle cultivars, the 

poorly filled basal spikelets of the compact-panicle cultivars show 

lower endosperm cell division rate and ploidy of the endosperm 

nuclei, along with comparable expression of CYCB;1 and CYCH;1, 

than that observed in the apical spikelets, which might have 

prevented them to overcome the apical dominance. Significantly 

higher expression of CYCB2;2, KRP;1, and KRP;4 in the basal 

spikelets than in the apical spikelets might also have prevented the 

former to enter into endoreduplication and endosperm cell 

division. This study indicated that targeted manipulation of the 

expression of CYCB1;1, CYCB2;2, CYCH1;1, KRP;1, and KRP4 in the 

basal spikelets of the compact-panicle cultivars may significantly 

improve their yield performance, work on which is in progress.
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Microbial Biotechnology

Dr. Subrata Kumar Das
Principal Investigator

Focus of the lab

We are working on microbial ecology, genomics, and translational 

research. In this regard, useful microbes have been isolated and 

characterized from hot springs and marine environments. 

Furthermore, we are using a metagenomic approach to 

understand the community composition and functions of 

microbiomes in pristine environments. Following a polyphasic 

approach, several new microbes have been discovered from 

unmanaged ecosystems. Among them, an environmental isolate, 

Bordetella bronchiseptica strain HT200, has been proposed as a 

livestock vaccine for respiratory diseases. 

Research Activities

Genomic analysis of a novel Pseudomonas strain RBPA9 
and its phenol degradation activity via a meta-cleavage 
pathway. 

A novel bacterium, Pseudomonas strain RBPA9, capable of 

degrading phenol via a meta-cleavage pathway was identified and 

its genetic organization analysed. The cells were Gram negative, 

aerobic, rod shaped, and motile. The genome size was 3.92 Mb and 

the G+C content was 64.64% (Figure  1A). The overall genome-

related indices (ORI) such as ANI, AAI, and in silico DDH value of the 

strain RBPA9, after comparison with those of valid reference strains 

of the genus Pseudomonas were below 9596% and 70% 

respectively, suggesting that the strain could be a new species. 

Phylogenomic analysis based on genome-wide core genes and 

non-recombinant core genes revealed that strain PRBA9 clustered 
Twith Pseudomonas stutzeri ATCC 17588  in both the phylogenetic 

trees. The Phe (phenol) gene cluster, representing the enzymes of 

the meta-cleavage pathway for degradation of 2-hydroxymuconic 

semialdehyde (HMS) to 2-hydroxymuconate branch was found in 

the genome of RBPA9. Phenol induction in the growth medium 

induced transcription of the gene cluster, as shown by reverse 

transcription-PCR. Eight genes encode proteins with amino acid 

sequence similarities that are directly associated with the meta-

cleavage pathway of phenol by the 2-hydroxymuconate branch. 

Our analysis suggested that phenol degradation in the newly 

isolated Pseudomonas strain RBPA9 (MTCC 13047) follows a single 

route i.e., the 2-hydroxymuconate branch, which is catalysed by 2-

hydroxymuconic semialdehyde dehydrogenase (HMSD) to 

tricarboxylic acid cycle intermediates (Figure 1B).

Fig. 1. : (A). Gene Ontology (GO) association of predicted protein-

coding genes of Pseudomonas strain RBPA9. 

Comparison of metagenome-assembled genomes from 
tropical hot spring reveals novel archaea of the phylum 
Thaumarchaeota and Bathyarchaeota. 

Terrestrial geothermal ecosystems have always been the hotspots 

for research on microbial population dynamics and their 

biotechnological applications. Research on archaea has 
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Fig.1. : (B). Elucidation of meta-cleavage pathway of phenol based on 

genomic sequence of Pseudomonas strain RBPA9.



successfully contributed some novel archaeal genomes, which 

have been used to primarily integrate the genomic information of 

single organisms. The purpose of this study was to perform a 

Fig. 2. Overview of reconstructed metabolic pathways in 

Thaumarchaeota.

detailed phylogenetic and functional analysis of the assembled 

genomes of Thaumarchaeota and Bathyarchaeota obtained from 

random shotgun metagenome sequencing of hot spring sediment 

communities. Three nearly complete genomes (ILS100, ILS200, and 

ILS300) were recovered from the co-assembly data of the hot spring 

samples. ILS100 and ILS200 was obtained from the metagenome of 

sample-2, whereas ILS300 was retrieved from sample-3. The 

genome of ILS100 resembled that of the Thaumarchaeota archaeon 

isolate, ASW2. Similarly, the genomes of ILS200 and ILS300 share 

similarities with that of the Bathyarchaeota archaeon BA1. 

Bathyarchaeota MAGs encode enzymes involved in TCA cycle and 

glycolysis, indicating that these archaea had heterotrophic or 

chemoorganotrophic mode of nutrition. The Wood–Ljungdahl (WL) 

pathway is crucial for acetogenesis, methanogenesis, and carbon 

fixation in archaea. These pathways operate via carbonyl or methyl 

branches. Furthermore, we did not identify the mcr complex, 

suggesting that Bathyarchaeota MAGs cannot produce methane 

(Figure 2).
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Focus of the lab

Our ongoing research activities involve the molecular 

characterisation of pararetroviral promoters with the aim of 

designing efficient native promoters and/or chimeric promoters 

for enhanced gene expression in transgenic plants. The developed 

chimera are conserved with specific cis-regulatory elements that 

can efficiently escalate disease resistance by expressing anti-

microbial transgenes in the engineered plants. In addition, our 

group is also aiming to decipher the molecular and physiological 

roles of transcription factors (TFs) in pearl millet (Pennisetum 

glaucum) under environmental stress conditions. Currently, 

candidate TFs of pearl millet, such as, WRKY, NAC, GRAS, and MYB, 

which have been identified based on their transcriptome and 

expression profiles, will be used for functional characterisation and 

identification of their downstream signal transduction pathways 

under abiotic stress in pearl millet.

Research Activities

Development of efficient synthetic promoters derived from 
plant pararetrovirus.

Synthetic promoters have become powerful tools for regulation of 

transgene expression in plants. Inter/intra-molecular 

chimerisation of positive regulators enhances the activity of 

synthetic promoters. Hence, the activity of a synthetic version of 

BRRV-Flt promoter was analysed in detail. A 372 bp promoter 

fragment, BR3, showed the strongest transcriptional activity. 

Furthermore, two chimeric promoters, MBR3 and FBR3, were 

constructed by fusing the upstream activating sequences (UASs) of 

MMV (335 bp) and FMV (303 bp), respectively, to the CP of BR3. 

Similarly, two intra-molecularly shuffled promoters, namely, S100 

and D100, were constructed from SVBV and DaMV flt promoters. 

All generated chimeras showed stronger activities than the 

CaMV35S promoter; they were also found to be 1.0 and 1.2 times 

stronger than the CaMV35S2 promoter (Fig 1A). Histochemical and 

fluorometric GUS assays confirmed the above observation. The 

transcriptional efficacies of these recombinant promoters were 

tested by evaluating the antibacterial and antifungal activities of 

the recombinant antimicrobial peptide, defensin (PaDef), from 

Persea americana var. drymifolia and that of NSD2 (N. sativa L. 

defensin 2) cloned downstream of these promoters. Bioassays 

showed promising antifungal activities of plant-derived PaDef and 

NSD2 against Alternariaalternata and Phoma exigua var. exigua, 

and antibacterial activity against Gram-positive (Staphylococcus 

aureus and Rhodococcus fascians) and Gram-negative bacteria 

(Escherichia coli and Pseudomonas aeruginosa) (Fig 1B & C). Thus, 

these chimeric promoters can be used in plant genetic engineering 

for efficient gene expression, and they may substitute the widely 

used CaMV35S2 promoter in plant biology. Furthermore, in vivo 

analysis of the disease resistance of transgenic plants expressing 

PaDef and NSD2 against different phytopathogens and the anti-

cancer effects of these molecules in different cancer cell lines will 

be performed.

Dr. Nrisingha Dey
Principal Investigator

Identification and characterization of TF families in pearl 
millet under abiotic stress and after phytohormone 
treatments.

Pearl millet is widely grown as a rain-fed crop in Africa and 

Southeast Asia, including India. It is nutritionally enriched and also 

naturally tolerant to drought and heat. However, climate change 

and other stresses limit plant growth and crop productivity. In 

plants, TFs play crucial role in the conversion of stress signal 

perception to stress-responsive gene expression. The members of 

the WRKY, NAC, and GRAS TF families are well known for their role 

in response to biotic or abiotic stresses, signalling, and plant 

development.  Owing to their importance, we performed genome-

wide screening and mined 97 WRKY, 155 NAC, and 57 GRAS TFs in 

pearl millet. In-silico analysis revealed the presence of stress 
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specific cis-regulatory elements and conserved motifs. 

Evolutionary progression and phylogenetic relationships among 

these TFs were also established. Synteny analysis identified 

orthologs and paralogs (Fig 2 upper panel) of these TFs, which may 

play crucial roles in stress regulation in pearl millet. The relative 

expression analysis of candidate TFs showed their probable 

involvement in abiotic stress responses of pearl millet (Figure 2 

lower panel). Furthermore, candidate (PgWRKY62, PgWRKY52, 

PgNAC22, PgNAC114, PgGRAS52, and PgGRAS55) genes were 

selected for functional characterisation and identification of their 

downstream signal transduction pathways to delineate their role in 

natural adaption of pearl millet. In addition, the characterised 

genes can be used for advanced molecular breeding and genome 

editing with the aim of improving the characteristics of millet.

Fig. 1: A. GUS assay in transgenic seedlings of individual chimera. B. In vitro agar well diffusion assay against pathogenic fungus (a & b). In vitro antimicrobial 
activity assay using NSD2-His purified from plants (c & d) C. In vitro antimicrobial activity of enriched PaDef protein against pathogenic bacteria.
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Fig. 2. Upper panel: Synteny analysis of PgWRKYs (A), PgNACs (B), and 

PgGRASs (C). Lower panel: Relative expression analysis of  TFs under 

abiotic stress and after phytohormone treatment. 
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The experimental animal facility of the institute has been 

registered (No. 76/GO/ReRcBi/S/99/CPCSEA) for “Research for 

education purpose, research for commercial purpose and in-house 

breeding of small animals” under the Committee for the purpose of 

Control and Supervision of Experiments on Animals (CPCSEA), 

Ministry of Fisheries, Animal Husbandry and Dairying, Deptt. Of 

Animal Husbandry and Dairying, Government of India and has 

registered and approved the Institutional Animal Ethics Committee 

(IAEC) with nine members. 

The Experimental Animal Facility of the Institute is a central facility 

which procures, imports, breeds and maintains the laboratory 

animals to meet the requirements of the scientific groups of the 

Institute. In 2020-21, the institute established the Animal Biosafety 

Level-3 (ABSL3) facility to perform experiments with laboratory 

animals infected with indigenous or exotic microbial agents with 

the potential for aerosol transmission and agents causing serious or 

potentially lethal diseases of humans. In addition to animal 

experimentation, ABSL3 caters to the requirements of private and 

government institutions in collaborative or fee-for-services mode. 

For this purpose, the facility registration has been amended for 

“Research for commercial purpose on small animals (rat, mouse 

and hamster)”.

Two IAEC meetings were organized in virtual mode in 2020-21. In 

these meetings,  19 new projects were approved by the IAEC. The 

total number of animals used for experiments by the principal 

investigators /researchers in 2020-21 was 1512.

The facility works as per the guidelines of CPCSEA and guidance of 

IAEC to ensure humane animal care and treatment and supplies 

genetically pure and healthy animals. It provides husbandry, 

veterinary care and research technical support to facilitate animal 

experimentation.
 
At present the animals are maintained with barrier facility and 

provision of Individually Ventilated Caging (IVC) system of rearing 

for mice, rats and hamsters. The animals are provided sterilized 

feed, corncob bedding, and enrichment materials, and are 

maintained hygienically in a noise-free environment in the 

temperature range of 20 -22ºC and humidity of 40 -60% as per 

CPCSEA guidelines. A 12:12 light and dark cycle is maintained for 

proper health and breeding. Health is monitored regularly, along 

with required therapeutic and prophylactic measures. With 

successful disaster management planning, we ensured smooth 

functioning of the animal facility during the first wave of the COVID-

19 pandemic. To cope with the effect of lock down during the 

pandemic, we tried our best to safeguard the well-being of animals 

and the personnel involved. Even with the best disaster plans in 

place, the extraordinary crisis pushed us to make situational 

decisions and on -the -spot plans. These strategies were as follows:

l Stocking of available essentials such as feed, bedding, 

sanitization items and drugs during the unpredictable duration 

of the lockdown.

l Optional utilization of locally available substitute of essentials 

as back -up.

l Optimal utilization of available resources. 

l Animal stock and breeding were reduced to minimum to save 

the important strains and lines.

l Reduction in non-essential research activities, and procedure, 

and prioritization of COVID -19 related research.

l Reduction in human resource with roster duty schedule, over 

time, and holiday duty allocation.

l Virtual meeting and orientation for researchers for holding and 

management of ongoing animal experiments.

In 2020-21 the facility produced 3235 animals of different strains 

and species. Five new strains of mice were imported in 2020-21. In 

addition, 120 nude mice and 43 NOD-SCID mice were procured for 

different IAEC -approved research pr otocols. The animal house is 

currently maintaining and breeding the following species and 

strains of animals.

INFRASTRUCTURE & FACILITIES
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STRAINS OF ANIMALS AVAILABLE IN INSTITUTE OF LIFE SCIENCES  

SL.NO.  SPECIES  STRAIN  SOURCE OF PROCUREMENT  

1 Mouse  BALB/C  NII, New Delhi, Imgenex, Bhubaneswar  

2 Mouse  C57BL/6  NII, New Delhi, Imgenex, Bhubaneswar  

3 Mouse  C3H/OUJ  NII, New Delhi  

4 Mouse  C3H/HEJ  NII, New Delhi  

5 Mouse  FVB.LYZM CRE  NII, New Delhi  

6 Mouse  CBA/CAJ  NII, New Delhi  

7 Mouse  Tg(K18 -hACE2)2Prlmn  Jackson Laboratory, USA  

8 Mouse  B6.DMD  Jackson Laboratory, USA  

9 Mouse  FVB/J  NII, New Delhi  

10 Mouse  FVB -AT-ATX  Alexander Fleming Biomedical Sciences Research Centre, Greece  

11 Mouse  B6-GFP  NII, New Delhi  

12 Mouse  B6.129 floxed Myh9  CNRS, France  

13 Mouse  C57BL/6 NTac -C1qbp  CNRS, France  

14 Mouse  NUDE  Vivo -Biotech, Hyderabad, Hylasco Bio -Technology Pvt. Ltd, 
Hyderabad  

15 Mouse  NOD -SCID  NII, New Delhi, ACTREC, Navi Mumbai  

16 Mouse  B6/RKO  New York University, USA  

17 Mouse  B6/ENPP2  Alexander Fleming Biomedical Sciences Research Centre, Greece  

18 Mouse  B6/SJL  NII, New Delhi  

19 Mouse  IRGM -/- Duke University, USA  

20 Mouse  B6.LYZ2  Jackson Laboratory, USA  

21 Mouse  B6.ITGAX  Jackson Laboratory, USA  

22 Mouse  B6.LCK  Jackson Laboratory, USA  

23 Mouse  B6.CD19  Jackson Laboratory, USA  

24 Mouse  B6.PAX7  Jackson Laboratory, USA  

25 Mouse  B6.LPA1  Alexander Fleming Biomedical Sciences Research Centre, Greece  

26 Mouse  B6.MIF KO  Ohio State University, USA  

27 Mouse  OT-I/Rag  University de Lausanne, Switzerland  

28 Mouse  OT-II CD45.1  University de Lausanne, Switzerland  

29 Mouse  FLT3L  University de Lausanne, Switzerland  

30 Mouse  NCoR1xCD11C Cre  University de Lausanne, Switzerland  

31 Mouse  C57BL/6.STING1 KO  Jackson Laboratory, USA  

32 Mouse  Nrf2 KO  Jackson Laboratory, USA  

33 Mouse  Mavs KO  Jackson Laboratory, USA  

34 Mouse  B6(C9)IFNAR1  Jackson Laboratory, USA  

35 Mouse  B6.Cg.Tg.(CAG -
Cre/ESR1)SAmc/J)  

Jackson Laboratory, USA  

36 Mouse  B6.129S4 -Krastm4Tyj/J  Jackson Laboratory, USA  

37 Mouse  B6.129P2 -Trp53tm1Brn/J  Jackson Laboratory, USA  

38 Mouse  B6.FVB -Tg(Pdx1 -cre)6Tuv/J  Jackson Laboratory, USA  
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IDREAM TECH: The New Nature of Aquaculture The team thinks 

outside the pond. IDREAM works with nature, applying the know-

how and vision to create smart, sustainable, and efficient RAS 

(recirculating aquaculture system)-based fish and seafood 

production.  Our self-developed technology saves time and 

expenses, spares the oceans, and ensures fresh, healthy, clean and 

rapid production of different fish and seafood species. Smart fish 

farming is a natural evolution of responsible and sustainable 

nutrition. Nature is a masterpiece—we only utilize its advantages.

AUUM technologies is a start-up working out of Bhubaneswar, 

focused on creating promising  and new applications of emerging 

technologies for consumers and enterprises. They work with the 

philosophy of “Be the change you want to see in the world” and this 

drives them every day to create products of value.The first product 

was made in this same spirit. Swasner is a COVID-19 response 

product and protective equipment. This product provides the best 

protection to the user, is reusable, can be sanitized easily, and helps 

counter the plastic challenge posed by disposable masks. This goes 

a long way in helping the environment as well as in countering 

waste challenge.

SICHERN's  mission is to inform and empower women to take 

responsibility for their health, understand their health options, and 

identify health services, thereby increasing access to services, 

resources, and products that may assist them in preventing and 

reducing poor health conditions. Our target is to create a trusted 

open platform where different groups of women can share, chat, 

enquire, and consult about the diseases more prevalent in women 

such as polycystic ovary syndrome (PCOS), iron deficiency, 

anaemia, menstrual problem, common gynaecological problems, 

and mental health. Evidence suggests that women are more prone 

than men to experience anxiety, depression, and somatic 

complaints—physical symptoms that cannot be explained 

medically.

DELTAFIELDS is a social enterprise, with the mission of promoting 

circular economy in practice. We collect and process the agro 

produce from small farmers, upcycle the waste for agro promotion, 

and provide nutrition security for the climate-stressed farmers in 

the Mahanadi delta region. We empower small farmers, focus on 

permaculture economy, localise the value chain with the vision of 

reducing migration, create employment, and bring Gen Z to 

farming with a smile. 

Biomolics Innovations Pvt. Ltd. is instituted by experienced 

pharmaceutical professionals, who have deep insights regarding 

understanding of molecules for the environment and health. The 

focus of the company is to innovate products related to 

environment and healthcare. We develop new biomaterials that 

have various applications. Our focus is on new biomolecules and 

materials for various applications related to the environment and 

health, such as new protein matrix for topical applications, 

adhesive, sealants, and biopaints. We have developed a new cross-

linker that can be used in the above-mentioned applications. The 
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DBT-ILS BioIncubator 

Facility provided to start-ups:

Dedicated laboratory space for wet lab experiments, with 

necessary equipment and facility, including a well-established cell 

culture facility and a central facility will all advanced equipment 

and infrastructure. Facilities includes BSL III, proteomics, 

bioinformatics, animal house, next generation sequencing, green 

house, zebrafish and tissue culture facilities Depending on the 

requirements and relevance, the ILS bioincubator will have 

flexibility and operational facilitation for promoting innovation.

Brief about start-ups supported under BioNEST and the impact 

they have created.

The DBT-ILS bioincubator is a user-centric open-innovation 

ecosystem that aims to nurture early stage innovations and 

develop them into technologies and products. Our goal is to 

support life science entrepreneurs and young biotechnology 

companies at all stages of early development, turning promising 

new ideas into fully formed biotechnological enterprises. The ILS 

bioincubator has 10,000 sq. ft. of dedicated central facility with 

modern amenities, which will promote exchange of ideas and will 

provide infrastructure to the entrepreneurs to excel in their field. 

These will include scientific and technical support, access to 

biotechnological infrastructure, knowledge services (legal and 

business), networking, and partnership.

The ILS bioincubator will work in the thematic areas of Food and 

Nutrition, Devices, Diagnostics and Therapeutics, Health and 

Nutrition, Value Addition and Secondary Agriculture, Wellness 

and Healthcare, Indigenized Biotechnology, and Pharmaceuticals, 

while keeping its options open for embracing any new and 

potential areas of development. 

The ILS incubatees will have access to the infrastructure and 

biotechnological expertise of ILS, which will include structural 

biology platform, zebrafish facility, imaging facility, sequencing 

services, proteomics facility, animal house, green house, tissue 

culture facility, and biosafety level (BSL) III facility. ILS has 

competent resource persons and technical experts for supporting 

i n n o v a t i o n  a n d  e x c e l l e n c e .  W e b s i t e  a d d r e s s :  

https://sites.google.com/ils.res.in/dbt-ils-bioincubator.

Dr. Nivedita  Jena
Chief Operating Officer
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new biomaterials for various applications are patentable. Product 

1. Developing a topical application as a medical aid for skin damage 

using in situ-forming protein matrix hydrogel scaffold. The matrix 

will provide a support framework for the blood vessels and other 

cells to regrow a new layer of the dermis. The constituent will be 

fabricated from all clinically acceptable and biocompatible 

materials. The proposed application is novel and unprecedented. 

Product 2. Biopaint and disinfectant (patent filed). Product 3. 

Green brick and cement. Product 4: Green packaging materials. 

Currently, two patents and two trademarks have been filed. In 

addition, we support pharmaceutical companies and contract 

research laboratories inside and outside India for meeting their 

requirements of various pharmaceuticals, impurities, 

intermediates, and working standards. The companies believe 

primarily in new processes using economical and green chemistry. 

We are committed to improving people's health through science 

and innovation.

Chainworks works on the organ supply chain ecosystem using 

emerging technologies such as blockchain technology, artificial 

intelligence, and others. Project 1: We have a solution called 

AYUDAAN, currently on service for the state government of 

Maharashtra. 100% Tx hospitals are part of the AYUDAAN network, 

including government agencies such as HOTA, DMER, and SOTTO 

Maharashtra. Project 2: PharmaKhata: Developing trust and 

transparency in the distribution of drugs and devices in the entire 

ecosystem

Davik Food and Beverages Pvt. Ltd. is a technology enabled start-

up with special focus on health and wellbeing. At Davik, we believe 

that life style plays an important role for the disease-free state of 

an individual. Stress, environmental conditions, as well genetic 

predisposition, critically impacts health. Considering this, the first 

product that was launched by Davik was an instant tea premix 
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branded as MiTea. The next product addition on our shelf will be 

ImmuniTea, an immunity booster and anti-inflammatory 

concoction of natural herbs. The product helps in relieving pain of 

patients suffering from inflammatory diseases such as joint pains, 

arthritis, and muscle pain, and is also effective for individuals 

looking forward to a healthy lifestyle. By utilizing the vast 

experience of the Directors of Davik in the field of genetic 

screening and immunology, we are developing diagnostic and 

prognostic methods for identifying the genetic predisposition of 

individuals to life style disorders, autoimmunity, and cancer. This 

will provide logical recommendations to doctors/health-care 

workers and individuals regarding the probability of contracting a 

disease, which will ultimately help in managing health care by 

following regular clinical check-ups and medications.

Individual entrepreneurs who have initiated spin-offs

Dr. Neeta Mohanty; SOA University Bhubaneswar. (Automated 

tele-screening-guided biopsy tool for oral mucosal lesions.) 

Dr. Mamoni Dash, DBT-ILS CatPOL: A targeted and green pest 

control measure using polymeric nanocomplexes. Supported by 

BIRAC, DBT.

Dr. Amaresh Panda, DBT-ILS A cost-effective universal kit for DNA-

free total RNA/miRNA isolation. 

The Institute has organized skill development and capacity 

development programs. Two women entrepreneurship 

development program (WEDP) and two faculty development 

program on entrepreneurship (FDP) sponsored by the 

Department of Science and Technology, Govt. of Odisha has been 

conducted. A 6-month residential technical training program for 

20 students was conducted under the Skill Vigyan Program.
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DBT-ILS Service Platforms

DBT ILS has created infrastructure for research and development in most branches of Biological sciences. The central instrumentation facility 

houses several high-end state-of-the-art instruments.  The central facility has latest and advanced techniques for research in various areas of 

Life Sciences. This facility is open to address the requirements of all the researchers from universities, academic institutes, national research 

institutes, and industries. 
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ILS-Major Infrastructure Facility

DBT-ILS is equipped with the state-of art infrastructure facilitty for 

conducting research and training in modern areas of Biology and 

Biotechnology.  

ILS-Genomics Facility:
1)  Next Seq 550 (illumina) 

2)  3500- Genetic Analyzers (Applied Biosystem) 

3)  Affymetrix Microarray System 

4)  Oxford Nanopore Sequencing 

5)  4200 Fragment Analyzer (Agilent Technologies) 

6)  Qubit 4.0 (Thermofisher).

7)  Automation Work Station-Beckman Coulter

8)  Thermo Cyclers -Applied Biosystem

During the period 24 labs utilized the above equipments and more 

than 40,000 samples were used for conducting various 

experiments..

ILS-FACs  Facility:
1)  BD-FACS CALIBUR 

2)  BD-ACCURI C6 PLUS 

3) BD-LSR Fortessa 

4) BD-LSR Fortessa (SORP) 

5) Beckman Coulter-Cytoflex 

6) BD-FACS ARIA 

7) Beckman Coulter-Moflo Astrios 

8) BD-FACS Melody

9)  Amnis-Image Stream X 

10)  Fluidgm-Helios Cytoof

The above facility was used by 17 research laboratories and more 
than 15,000 samples were used for conducting various 
experimental studies. 

ILS-Imaging  Facility:

1)  TCS Sp8 (STEP)-Leica

2)  Apotome Microscopy- Zeiss

3)  Zeiss Cell Discovery

4)  Thermofisher-SCS CX7LZR

ILS-Zebra Fish  Facility:

ILS is having  state of the art zebra fish facility that allows transgenic 

and genetic analysis of this important vertebrate model system. 

The facility is equipped with large-scale breeding and standalone 

system for maintenance of different lines. A sophisticated 

micromanipulation system, high-end microscope/imaging setup 

and computer-aided tracking system, permits developmental, cell 

biological and behavioral studies. The facility also offers training, 

and along with basic research, supports medium-scale testing for 

the biological activities of potential drug molecules and other 

bioactive agents. 
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Central Instrumentation Facility

• Applied Bio System 3500 Genetic Analyzers

• Atomic Absorption Spectroscopy 

• Atomic Force Microscope (AFM)  

• Automated Hematology Analyzer  

• Axio-Imager M2 and Apotome

• Apotome

• Agilant HPLC

• Binocular Stereo Microscope

• Bio-plex Suspension Array System 

• Beckman Coulter Cell Sorter

• Confocal Microscope 

• Chemi -Doc MP Imaging System 

• Cell Discover System

• Cell Harvester

•  Centrivap Vaccum Concentrator

• Confocal Super Resolution

• Cell Discover

• Cytoflex Flow Cytometer Beckman Coulter

• Cytof (Fluidigm)-Helios 

• FACS Aria (Flow Cytometer) 

• FACS (Caliber) 

• Fast Protein Liquid Chromatography 

• Fermenter / Bio Reactor  

• FTIR 

• Gas Chromatography System   

• Gel Document System

• Gel Permeation Chromatography(GPC)  

•  Glass Ware Washer

• Gene Gun System-Helios 

• High Performance Liquid Chromatography (HPLC)

• High Performance Computing Facility

• High Content Screening

• Immuno Spot Analyzer   

• Nano Photometer  

• Leaf Porometer  

• Light Cycler Real Time PCR 

• Lyophilizer  

• Mass Spectrometer (MALDI-TOF/TOF)

• Microcal PEAQ ITC

• Micro Array System (Affeymetrix)

• NanoLC Ultra 2D Plus system with EKSpot MALDI Spotter

• Nanopore Sequencing System 

• Next Seq 550 (Next Generation Sequencer) Illumina

• Phosphor Imager 

•  Programmable Microinjector and Micromanipulator

• Quanti Studio qPCR System

• Qubit 4.0 Analyzer

• Real Time PCR  (Opticon-2) 

• Refrigerated Vacuum Concentrator

• RT PCR Applied Biosystem

• Scanning Electron Microscope 

• Small Animal In-vivo Imaging System

• Seahorse XFp Extracellular Flux Analyzer System

• Step One Real Time PCR (ABI)

• Sonicator

• Ultra Microtome

• Vibrating Microtome

• Zebra Fish Facility

• Zeta Sizer  

• 1260 Infinity II Quaternary Pump and Complete HPLC System

• 4200 Tape Station
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Library

ILS publishes its research papers in various National & International 

leading / peer-reviewed journals. ILS Library is a depository of 

specialized Books and Journals in the area of Life Sciences (i.e. 

Infectious Diseases Biology, Cancer Biology, Genetic & Auto-

immune diseases and Plant & Microbial Biotechnology) relevance 

to biological research activities. 

In the FY 2020-21 library purchased 16 reference books. Currently, 

the Library had collection of approximately 1634 reference Books 

including Manuals and Protocols, 996 bound back volumes & 55 

CD's. The Library is currently subscribing 8 Print Journals, besides 

994 Online Journals from different publishers through DeLCON. The 

list of print journals are as follows:
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RESEARCH PUBLICATIONS
AND AWARDS



• Research Publications

• Patents Filed/Granted

• Memberships/Honors/Awards/Fellowship received by Scientists

• PhD  awarded  

Research Publications and Awards



Research Publications
Original Articles:
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 thermal spring. FEMS Microbiology Letters 2021, 368 (6).
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 Of Systematic And Evolutionary Microbiology 2021, 71 (6).
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Andaman Sea. 3 Biotech 2020, 10 (10), 456.
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5. Deb, S.; Das, L.; Das, S. K., Phylogenomic Analysis Reveals That Arthrobacter mysorens Nand and Rao 1972 (Approved Lists 1980) and 

Glutamicibacter mysorens Busse 2016 are Later Heterotypic Synonyms of Arthrobacter nicotianae Giovannozzi-Sermanni 1959 
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6. Sundaram, R.; Manohar, K.; Patel, S. K.; Acharya, N.; Vasudevan, D., Structural analyses of PCNA from the fungal pathogen Candida 
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8. Jagdev, M. K.; Dandapat, J.; Vasudevan, D., Recombinant expression, purification and SAXS analysis of Arabidopsis thaliana ClpC1. 
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14. Kumari, A.; Shriwas, O.; Sisodiya, S.; Santra, M. K.; Guchhait, S. K.; Dash, R.; Panda, D., Microtubule-targeting agents impair kinesin-2-

dependent nuclear transport of β-catenin: Evidence of inhibition of Wnt/β-catenin signaling as an important antitumor mechanism of 
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approach for identification of a panel of candidate genes arbitrated for invasion and metastasis in oral squamous cell carcinoma. 

Scientific Reports 2021, 11 (1), 6208.
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endogenous induction in vivo. (Application No: 202031050500).

3. V. A. Nagaraj, G. Padmanaban, M. Chandana, A. Anand, S. Ghosh (2020). Griseofulvin as an adjunct drug for the treatment of cerebral and 

severe malaria. (Application No. 202031050934)

4. B B Subudhi, R N Dash, Alok Kumar Moharana, P Mamidi, S Chattopadhyay. Anti-CHIKV Ibuprofen conjugates and method of preparation 

thereof (2020). (Application no.202031033920)

5. S Chattopadhyay, A Kumar, BB Subudhi, P Mishra P. A composition for inhibition of infection caused by Chikungunya virus (CHIKV). Patent 

No. 347450; Priority Date: 12.12.2014; Grant date: 19.09.2020. 

Memberships/Honors/Awards/Fellowship

1. Dr. Rupesh Dash received the SERB-STAR award 2021
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CONFERENCES, SYMPOSIUM
 WORKSHOPS & MEETINGS ATTENDED



Conference / Symposium / Workshops
Meetings Attended Scientists & Students

• Conference / Symposium / Workshops / Meeting attended and Invited talk / Oral 

Presentation by Scientists

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



Conference / Symposium / Workshops / Meeting attended

 and Invited talk / Oral Presentation by Scientists
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· Delivered lecture in  webinar – Asia Pacific Japan COVID-19 organized by Thermo Scientific. The title of the talk was 'An experience of 
thCOVID-19 testing using TaqPath™ RT-PCR kit – A journey so far', 29  October 2020.

· Delivered lecture in Human Microbiome and Diseases: A perspective  in Ramjas College, Delhi, 13th March 2021.

Dr. Soumen Chakraborty

· Delivered lecture in  Stem Cells and Cancer Stem Cells: Next Frontiers of Molecular Therapeutics, Amity Stem Cell Institute and Kiran 

Mazumdar-Shaw Center for Affordable Innovations at Gurgham  on .27 November 2020. 

Dr. T.K.Beuria

· Delivered lecture in National conference on " Present and future of Drug Delivery approaches and Molecular Medicine" National 

Institute of Technology Raurkela on 19& 20 November  2020.

Dr. Gulam H. Syed

· Delivered lecture in Mitochondria in Health and Disease  organised by University of Rajasthan, on 24 February 2021.

Dr. Soma Chattopadhyay

· Delivered a talk on Genomic organisation of COVID-19 and the stategies to control this virus, in Webinar on COVID-19: A challenge 

and opportunities for life sciences community organised by Department of Life Sciences, School of Natural Sciences, Central 

University of Jharkhand, Brambe, Ranchi- 835205, Jharkhand on June 05 2020.

· Delivered a talk on Host Pathogen Interaction of Chikungunya Virus, in National Conference on Host Pathogen Interaction: Present 

and Future perspective organized by the Department of Life Sciences, NIT, Rourkela from 24 & 25 September, 2020.

· Delivered a talk on "COVID 19" and worked as resource person as an evaluator for the Webinar on "Exploring and understanding the 

Covid-19 pandemic" of class XI and XII  in the DAV school Chandrasekharpur on 28 November 2020.

Dr. Sanjeeb K. Sahoo

· Delivered an Invited talk on “ Integrating Research in Basic Science with Pharmaceutical Nanotechnology in Cancer Management” in 
st thApplied Pharmaceutical Science organized by Roland Institute of Pharmaceutical Sciences, Berhmapur, Odissa, India, 1  -6  March, 

2021. 

· Delivered an invited talk on “Nanotechnology in Life sciences” in Recent trends in Experimental method in Biochemistry and 
thMolecular Biology under the aegis of DBT Star College Scheme at Salipur Autonomous College, Salipur, Odisha, India on 27  March, 

2021.

Dr. S. Senapati

· Delivered a talk entitled " Covid-19: Present status and role of veterinarians",organised by KVK-Cuttack and ICAR-NRRI, Cuttack on 

24th April 2021. 

· Delivered a talk in the webniar entitled “Role of Microbiome in prostate inflammation and prostate cancer” organized by Div. of 

Innovation and Entrepreneurship; Lovely Professional University, India on 9th September, 2020.

Dr. Amresh C. Panda

· Delivered an invited talk entitled "Role of circular RNAs in β-cell physiology" at the Regulatory RNAs and The Brain: Development to 

Disease conference organized by IBRO-IGIB, India, 20-25 January, 2021.

· Delivered a talk entitled “Role of subcellular localization of circular RNAs in myogenesis” in the Muscle & Diseases virtual conference 

organized by IISER Tirupati & CCMB. 6-7 November, 2020.

Dr. Anshuman Dixit

· Delivered a talk on repurposing of drugs for COVID-19 in  Online Webinar on Prospective of Computer Aided Drug Discovery at 

Department of Pharmacy, Rameshwaram Institute of Technology and Management, Lucknow, Uttar Pradesh. On 2020.
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· Delivered a talk on repurposing of drugs for COVID-19 in Drug Research Evolution and Practice organized by Acharya Nagarjuna 

University (ANU), Guntur, A.P.on 2020.

· Delivered a lecture in the drug discovery hackathon (DDH2020) training program on Repurposing of existing FDA approved drugs for 

COVID-19: Bioinformatics and computational analysis on 2020.

· Delivered a talk on Protein sequence and structure analysis using Bioinformatics tools  in One week  international E-Training 

programme on Introduction to Bio-informatics Microbial - Omics Organized by Department of Veterinary Public Health, Mumbai 

Veterinary College on 2021. 

Dr. Arun Nagaraj

· Delivered a lecture on “Biosynthetic heme of Malaria Parasite and Cerebral Malaria” in Community Welfare Society Hospital, 
thRourkela, 12  March, 2021.

Dr. Mamoni Das

· Delivered an invited lecture at CONIAPS XXVI, Manipal University, Jaipur On 2020.

Dr. Santosh Chauhan
th· Delivered an invited Talk, RCB Contemporary Webniar Series, 18  December 2020.

 
Dr. Subrata K. Das

· Delivered an invited lecture on Polyphasic Approach for Discovering Novel Microbes and their Biotechnological Application in the 

National Workshop on Microbial Biotechnology in Agriculture and Industry Organised by Assam Agricultural University, Jorhat, Assam 
thon 26  April, 2021.

· Delivered an invited lecture on Microbial genomics and  translational research in the International Virtual Conference on  Current 
stStatus of Biosciences  Organized by P.G. Department of Botany, Berhampur University on 31  March 2021.

· Delivered an invited lecture on Coral Microbiome: An unexplored BioResource  to the Faculty Summer school organized by the UGC-
thHuman Resource Development Center, Guru Nanak Dev University, Amritsar on 24  March, 2021. 

· Delivered an invited lecture on Microbial Genomics towards translational Research at OUAT, Bhubaneswar, 13th March, 2021.

Dr. Rajeeb K. Swain

· Delivered a lecture titled Application of zebrafish as a model for bio-medical studies online for ICAR-Central Institute of Fisheries 
thEducation (ICAR-CIFE), Mumbai, on 27  February 2021. 

th· Delivered a talk at Institute of Physics, Bhubaneswar, on 4  September 2020.

Dr. Sunil K. Raghav

· Delivered an invited online talk Genetic and Immunological aspects of COVID-19  for Dr. N.G.P. Arts and Science college, Coimbatore 

on 29th May 2021.

· Delivered an invited talk on Single cell immune-genomic approach identified protective immune-signature in COVID-19 direct 
thcontacts  in a virtual mini-symposium Clinical applications of single cell genomics organized by NIRRH, Mumbai on 20  may 2021.

 
· Delivered an invited talk on Genetic and Immunological aspects of COVID-19  vitual symposium on International Immunology Day-

2021 organized by IIT Roorkee, on 29th April,2021.

· Delivered an invited talk entitled Characterizing functional diversity in immune cell repertoire using single cell immune-genomic 
thapproach  in  on 7  April 2021.India Single Cell & Spatial Biology Summit 2021 organized by 10X genomics and Premas Life Sciences,

· Delivered an invited webinar on Genetic and Immunological aspects of COVID-19  This webinar is planned under a webinar on "Health 

and Disease: Contemporary Issues by Ravenshaw University, in collaboration with the National Academy of Sciences (India), Indian 
thAcademy of Neurosciences and the Institute of Life sciences, Bhubaneswar on 13  September 2020.

Dr. Dileep Vasudevan

· Delivered an invited talk on the topic 'When crystallography meets shrimp viral enzymes' in the Aquatic and Fisheries Science Talk 

(Webinar), 2 January, 2021. 

Dr. S. Devadas

· Delivered a lecture at Multi-Dimensional Immune Cell analyses: Indo US flow Cytometry Meeting Feb 2021.
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· T. Sinha, attended “International E-Workshop on bioinformatics” organized by Department of Biotechnology, Delhi Technological 

University, 14-18 December, 2020.

· S. Shyamal, attended “International E-Workshop on bioinformatics” organized by Department of Biotechnology, Delhi Technological 

University, 14-18 December, 2020.

· S. S. Mishra, attended “International E-Workshop on bioinformatics” organized by Department of Biotechnology, Delhi 

Technological University, 14-18 December, 2020.

· Debyashreeta Barik, presented the paper entitled: Microporous chitosan and mucin-montmorillonite nanocomposite hydrogel for 

tissue engineering” at International Conference on Biomedical Materials Innovation-2020 (ICBMI-2020) organized by SBAOI & 
th thSTERMI, from 6 -9  Dec 2020.

· Sasmita Samal, presented paper entitled “  at Investigating exosomes as a potential biomaterial for bone regeneration” International 

Conference on Biomedical Materials Innovation-2020 (ICBMI-2020) th thorganized by SBAOI & STERMI, from 6 -9  Dec 2020.

· Kirtal Hansdah, participated in the International Virtual Conference on “Emerging Frontiers for Healthcare and Delivery-2020” 
th thorganized by Kalinga Institute of Industrial Technology (KIIT) Deemed to be University, Bhubaneswar, Odisha from 12 -14  

September, 2020.

· Neha Singh, participated in the International Virtual Conference on “Emerging Frontiers for Healthcare and Delivery-2020” 

organized by Kalinga Institute of Industrial Technology (KIIT) Deemed to be University, Bhubaneswar, Odisha from 12th-14th 

September, 2020.

· Abhishek. K, participated in the International Virtual Conference on “Emerging Frontiers for Healthcare and Delivery-2020” 

organized by Kalinga Institute of Industrial Technology (KIIT) Deemed to be University, Bhubaneswar, Odisha from 12th-14th 

September, 2020.

· Ruchika Raghuvanshi participated in the International Virtual Conference on “Emerging Frontiers for Healthcare and Delivery-2020” 
th thorganized by Kalinga Institute of Industrial Technology (KIIT) Deemed to be University, Bhubaneswar, Odisha from 12 -14  

September, 2020.

· Arup Ghosh,  Mycobacterium tuberculosis whole genomes from North East India suggest the prevalence of fluoroquinolone 

resistance Beijing strains. Keystone conference on Tuberculosis: ending the pandemic from 1st-5th Decmber 2020.

· Kaushik Sen,  Keystone Symposia - Integrating Metabolism and Immunity from January 24 -28, 2020.

· Amber Gupta participated in “International Conference on Omics of Plant-Pathogen Interaction with their implication” organized by 

Dept. of Life Science, National Institute of Technology, Rourkela, Odisha. Held on 16th-18th November 2020. 

· Amber Gupta participated in two days' workshop- “Carbon Sequestration & Solid Waste Management- A perspective” organized by 

under DBT Star college scheme, Department of Botany, Kirori Mal College, University of Delhi, Delhi, held on 5th-6th November 2020.

Conferences/Workshops/Meetings attended by Students
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CONFERENCES, WORKSHOPS & 
MEETINGS ORGANIZED 



Conferences / Workshops, Meetings Organized

•  40th Annual Conference of Indian Association for Cancer Research (IACR-2021) 

•    International Webinar Series Autophagy, Lysosomes, and Membrane Trafficking: Mechanisms and 

Diseases-2020.

•    India International Festival Curtain Raiser Event 2020

•    Webinar Series on Entrepreneurship

•    International Women's Day 2021



1st March, 2021

Institute of Life Sciences (ILS), Bhubaneswar organized the 40th 
Annual Conference of Indian Association for Cancer Research 

st(IACR-2021) on 1  March 2021. This time due to the ongoing 
pandemic, the organizing committee conducted one day of 
webinar. The meeting began with a welcome address by Prof. M. 
Radhakrishna Pillai, President, IACR, followed by the welcome 

40th Annual Conference of Indian Association for Cancer Research (IACR-2021) 

address by Padmashree Dr. Ajay Parida, Director, Institute of Life 
Sciences. It was an exciting opportunity for more than 300 research 
scholars/associates/clinicians and scientists to virtually attend, interact 
and join the discourse on outstanding research and development in the 
field of cancer biology.

CONFERENCE/WORKSHOPS/MEETINGS ORGANIZED  

International Webinar Series Autophagy, Lysosomes, and Membrane 
Trafficking: Mechanisms and Diseases-Sponsored by EMBO

th th15  October- 6  November 2020

Autophagy is a highly conserved catabolic process in eukaryotes 

that play a vital role in cell metabolism, signaling, immunity, 

development & differentiation and cell & tissue homeostasis. 

Not surprisingly, defects in autophagy has been linked to myriad 

of diseases including cancer, neurodegeneration, immune & 

metabolic disorders and microbial infections. The 2016 Nobel 

prize in medicine for autophagy is testament to its increasing 

significance in human health and disease.  Autophagy is a 

druggable process and hence is an attractive target for 

therapeutic interventions against these dreadful diseases. 

Despite its recognition world over autophagy research in India is 

yet in its infancy stage.  To facilitate interaction and 

collaboration between Indian scientists working in this field,the 

autophagy-India-network (http://autophagyindianetwork. 

weebly. com) is established. The conference was the first 

international autophagy conference in India and is expected to be a 

major impetus towards promoting this important and emerging field 

in India. The objective is to bring internationally acclaimed leaders in 

autophagy field with Indian scientist and students under one roof to 

advance the knowledge base, stimulate exchange of ideas and future 

collaborations between Indian and International autophagy fraternity. 

Broad themes of conference were: 

1. Autophagy: mechanisms, regulation, and functions.

2. Autophagy in health and disease

3. Autophagy in drug discovery  
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India International Festival Curtain Raiser Event 2020 

DBT-ILS organized the curtain raiser event of the India 

International Science festival. It is an annual customary event at 

ILS where students from across the state are invited and hosted 

on a two day science exhibition and interaction session. This year 

due to the pandemic the event was organized virtually. 

Dignitaries graced the occasion and addressed to the students. 

Scientist and researchers shared their scientific initiatives related 

to the various research areas being undertaken at ILS.

CONFERENCE/WORKSHOPS/MEETINGS ORGANIZED 

International Women's Day 2021
th8  of March 2021

The inaugural event thus witnessed the presence of eminent 

dignitaries such as Dr Ajay Parida, Director, DBT-ILS, Dr 

Sanghamitra Pati, Director RMRC-ICMR and Ms Anu Acharya, 

CEO-Mapmygenome. All the esteemed guests echoed the 

evident role of women in mitigating the pandemic last year. 

While Dr Parida mentioned and acknowledged the role of 

evident role of women within the institute, Dr Pati laid stress on 

equality and equality for women in all fields. Ms Acharya shraed 

her role in the entrepeurship journey and interacted with the 

participants giving them the subtle clues about this interesting 

area.With the global theme of “choose to challenge”, DBT-ILS 
thcelebrated the International Women's Day on the 8  of March 

2021. DBT-ILS inaugurated its 4 week long Women 

Entrepreneurship Development Program for this occasion. The 

program is being hosted by DBT-ILS with an aim to empower budding 

and existing women entrepreneurs who want to start, run and grow 

their business and to create conducive conditions for inclusive, resilient 

and sustainable economies. The goal is to remove gendered 

imbalances in enterprise development in order to scale women 

entrepreneurs' contributions to growth and sustainable development 

and to enable their meaningful participation in entrepreneurship 

ecosystems. The program is running with the 3 following objectives. 

l Develop entrepreneurial skills in women participants.

l Expose them to the entrepreneurial ecosystem.

l Faciliate creating their entrepreneurial network.
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Webinar Series on Entrepreneurship
ILS conducted a series of webinars on Entrepreneurship. The 
target audiences for these webinars were students, aspiring 
entrepreneurs with special focus on women entrepreneurs, 
faculties. Dignitaries across the domain of biotechnology 
addressed the beneficiaries about the existing ecosystem of 
biotechnology entrepreneurship.  

· Insights Into  Entrepreneurship In Biotechnology

· Leveraging Academic R&D For Product Innovation

· 6-C's Of Life Science Entrepreneurship

· Translating Your Entrepreneur Dreams



INSTITUTIONAL & STUDENT ACTIVITIES



Institutional Activities

• Foundation Day

• Open Day Science Exposition

• DBT-ILS BioIncubation Inaguration

• Open Day Science Exposition jointly organised by ILS and RMRC

• Student Poster Presenations

• Institutional Activities (Sports, Festivals)



Foundation Day 
th11  February-2021

Foundation stone laying of institutional facilities was done at ILS in February 2021 on the occasion of the Foundation day of ILS. 4 facilities; ILS-

IBSD partnership centre, Himalayan Bioresources Mission, Biorespository and the Animal Challenge Facility were inaugurated virtually by 

Hon’ble Minister for Science and Technology, Dr Harsh Vardhan, Hon'ble Union Minister for Petroleum & Natural Gas and Steel; Govt of India, 

Shri Dharmendra Pradhan, Secretary Department of Bitechnology, Dr Renu Swarup. Other dignitaries gracing the occasion were Director, NII, 

Director, RCB, Director, IBSD and Vice Chancellor North Odisha University.

Open Day Science Exposition Jointly Organized by DBT-ILS and RMRC  

DBT-ILS and RMRC jointly organized an Open Science Day in December 2020 as the inaugural event for the India International Festival 2020. The 

two day program was conducted virtually where eminent scientists addressed the students on scientifically and socially relevant themes. A 

virtual glimpse of the activities related to the mitigation of COVID 19 was showcased by different research groups.

DBT-ILS Bioincubation Centre Inauguration  

Chief Minister of Odisha, Shri. Naveen Patnaik inaugurated DBT-ILS Bioincubator established with the support from Department of 

Biotechnology, Govt. of India and Department of Science and Technology, Govt. of Odisha and BIRAC. The inaugural function was graced by Shri. 

Ashok Panda, Minister Science and Technology, Odisha, Shri. Santosh Sarangi, Secretary. Department of Science and Technology, Govt. of 

Odisha, Secretary, DBT, Dr. Renu Swarup, Dr. Manish Diwan of BIRAC. The Bioincubator has an operational area of 10,000 square feet incubation 

space and all dedicated scientific instrumentation for carrying out research in the field of Agriculture, Health care, Diagnosis, Devices & value 

addition and Food Processing.

INSTITUTIONAL/STUDENT ACTIVITIES  
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Students Annual Poster Presentation 
January 2021

The students presented their research in the form of annual poster presentations in January 2021. The two day program was dedicated for 

presentation of the students belonging to the three different research areas namely cancer biology, infectious disease and plant and 

environmental biotechnology. The students were evaluated by experts belonging to the different research domains and were appropriately 

awarded.

INSTITUTIONAL/STUDENT ACTIVITIES

Besides conducting world class research, students of DBT-ILS also celebrate their annual sports and cultural event with great enthusiasm. 

Students participate in different type of sports and innovative competitions which spans across 2 months. This year also, upon following 

appropriate covid protocols, sports and cultural events took place in DBT-ILS.

Sports and Festivals at ILS
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• Society

• Governing Body

• Scientific Advisory Committee  

• Civil Modification and Building Repair Committee

• Finance Committee

• PSHWE Committee

• Institutional Animal Ethics Committee 

• Human Ethics Committee 

• IBSC Committee Members

• Scientific, Administrative and Other Staff

Committees, Staff & Other Information



Dr. Harsh Vardhan   President
Hon'ble Union Minister
Ministry of Health & Family Welfare; Science & Technology & Earth Sciences 
Technology Bhawan, Govt. of India, New Delhi - 110 016

Shri Naveen Patnaik                                     Vice President
Hon'ble Chief Minister, Odisha
Bhubaneswar - 751 001

Shri  Ashok Chandra Panda  Member
Hon'ble Cabinet Minister, Govt. of Odisha
Science and Technology Department, Bhubaneswar - 751001

Dr. Renu Swarup  Member
Secretary to Government of India
Department of Biotechnology, Ministry of Science & Technology, New Delhi - 110 003

Prof. M.R. Satyanarayana Rao  Member
Honorary Professor, SERB-YOS Chair Professor
 Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore - 560 064

Dr. Balaram Bhargava  Member
Director General
Indian Council of Medical Research (ICMR), New Delhi - 110029

Prof. Trilochan Mohapatra  Member
Director General 
Indian Council for Agricultural Research (ICAR), New Delhi - 110001

Prof. Vijaylakshmi Ravindranath  Member
Professor, Centre for Neuroscience, IISc, Bangalore - 560012

Prof. A.P. Dash  Member
Vice Chancellor, Asian Institute of Public Health (AIPH) University, Bhubaneswar- 752101

Dr. Subrat Sinha  Member
Professor, Deptt. of Biochemistry, AIIMS, Ansari Nagar, New Delhi - 110029

Prof. Sabita Acharya  Member
Vice Chancellor, Utkal University, Bhubaneswar - 751004

Shri. Vishvajit Sahay, IAS  Member
Additional Secretary and Financial Advisor to Govt. of India
Department of Biotechnology, Ministry of Science & Technology, New Delhi - 110 003

Shri  C.P. Goyal, IFS  Member
Joint Secretary to Govt. of India
 Department of Biotechnology, Ministry of Science & Technology, New Delhi - 110 003

Dr. Krishna Ella  Member
CMD, Bharat Biotech, Genome Valley, Shameerpet, Hyderabad - 500078 

Dr. (Mrs.) Vidhya Das  Member
Co-Founder, Agragamee (NGO), Kashipur, Rayagada, Odisha - 765015

Prof. Rabindra Nath Nayak  Member
 Aerodrome Area, Bhubaneswar - 751020

Shri Santosh Kumar Sarangi, IAS  Member
Principal Secretary, Department of Science & Technology, Govt. of Odisha, Bhubaneswar - 751 001

Dr. Meenakshi Munshi  Member
Scientist- G & Scientific Advisor, ILS, 
Department of Biotechnology, Ministry of Science & Technology, Govt. of India, New Delhi - 110003

Dr. Garima Gupta  Member
Scientist-E & Nodal Officer, ILS, 
Department of Biotechnology, Ministry of Science & Technology, Govt. of India, New Delhi - 110003

Dr. Subrata K. Das  Member
Scientist-F, Institute of Life Sciences, Bhubaneswar - 751023

Dr. Ajay Parida                                Member Secretary
Director, Institute of Life Sciences, Bhubaneswar - 751023

Institute of Life Sciences Society
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Governing Body

Dr. Renu Swarup                                     Chairperson
Secretary to Government of India
Department of Biotechnology, Ministry of Science & Technology, New Delhi- 110003

Prof. M.R. Satyanarayana Rao   Member
Honorary Professor & SERB-YOS Chair Professor
Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore - 560064

Dr. Balaram Bhargava  Member
Director General
Indian Council of Medical Research (ICMR), New Delhi- 110029

Prof. Sudhir Sopory  Member
Ex-Vice Chancellor, Jawaharlal Nehru University
Visiting Faculty, ICGEB, New Delhi-110067

Prof. A.P. Dash  Member
Vice Chancellor, Asian Institute of Public Health (AIPH) University, Bhubaneswar- 752101

Dr. Krishna Ella  Member
CMD, Bharat Biotech, Genome Valley, Shameerpet, Hyderabad -500078

Prof. Sabita Acharya  Member
Vice- Chancellor, Utkal University, Bhubaneswar -751004

Dr. Trilochan Mohapatra  Member
Director General
Indian Council of Agricultural Research (ICAR), New Delhi -110001

Shri  Vishvajit Sahay, IAS  Member
Additional Secretary & Financial Advisor to Govt. of India
Department of Biotechnology, Ministry of Science & Technology, New Delhi- 110003

Shri  C.P. Goyal, IFS  Member
Joint Secretary to Govt. of India
 Department of Biotechnology, Ministry of Science & Technology, New Delhi- 110003

Dr. Meenakshi Munshi  Member
Scientist-G & Scientific Adviser, ILS
Department of Biotechnology, Ministry of Science & Technology, Govt. of India, New Delhi- 110003

Dr. Garima Gupta  Member
Scientist-E & Nodal Officer, ILS
Department of Biotechnology, Ministry of Science & Technology, Govt. of India, New Delhi- 110003

Shri  Santosh Kumar Sarangi, IAS  Member
Principal Secretary, Science and Technology Department
Government of Odisha, Bhubaneswar- 751001

Dr. L.S.  Shashidhara  Member
Dean of Research and Professor of Biology, Ashoka University, Sonepat - 131029

Shri  Jagadananda  Member
Mentor & Co-Founder, CYSD (NGO), Bhubaneswar - 751013

Prof. Rabindra Nath Nayak  Member
Aerodrome Area, Bhubaneswar- 751020

Dr. Subrat K. Das  Member
Scientist-F
Institute of Life Sciences, Bhubaneswar -751023

Dr. Ajay Parida                                   Member Secretary
Director
Institute of Life Sciences, Bhubaneswar -751023
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Prof. M.R. Satyanarayana Rao   Chairman
Honorary Professor & SERB-YOS Chair Professor
Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore -560064

Prof. Swapan Kumar Datta  Co-Chair
Distinguished Biotechnology Research Professor, 
Department of Biotechnology, University of Calcutta, Kolkata -700019

Prof. Radhakrishna Pillai  Member
Director
Rajiv Gandhi Centre for Biotechnology (RGCB), Thiruvananthapuram- 695014

Dr. Sujata Mohanty      Member 
Professor
Stem Cell Facility, (DBT-Centre of Excellence for Stem Cell Research), AIIMS, New Delhi -110029

Dr. Deepak Gaur  Member
Professor
Department of Biotechnology, Jawaharlal Nehru University, New Delhi- 110067

Dr. Sudhanshu Vrati  Member
Executive Director
Regional Centre for Biotechnology,  Faridabad - 121001

Dr. Ramesh V. Sonti  Member
Chief Scientist
Centre for Cellular & Molecular Biology, Hyderabad - 500007

Dr. Kiran K. Sharma   Member
Director,  CRP GLDC & Theme Leader - Agribusiness and Innovation Platform
The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad-502324

Dr. Anurag Agarwal  Member
Director
CSIR- Institute of Genomics and Integrative Biology (IGIB), New Delhi - 110007

Dr. Jyotsna Dhawan  Member
Chief Scientist
Centre for Cellular & Molecular Biology (CCMB), Hyderabad - 500007

Dr. Meenakshi Munshi  Member
Scientist-G & Scientific Adviser, ILS
Department of Biotechnology, Ministry of Science & Technology, New Delhi- 110003

Dr. Garima Gupta  Member
Scientist-E & Nodal Officer, ILS
Department of Biotechnology, Ministry of Science & Technology, New Delhi-110003

Dr. Ajay Parida                           Member Secretary
Director
Institute of Life Sciences, Bhubaneswar- 751023

Scientific Advisory Committee
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Dr. Shekhar C. Mande  Chairman
Secretary, DSIR and Director General, 
Council of Scientific & Industrial Research, Anusandhan Bhawan, 2, Rafi Marg, DelhI - 110001

Dr. Ajay Parida  Member
Director, Institute of Life Sciences, Bhubaneswar - 751023

Dr. Dinabandhu Sahoo  Member
Vice Chancellor, FM University, Balasore, Odisha 

Shri D.K. Roy  Member
N-2/63, IRC Village, Nayapalli, Bhubaneswar - 751015

Dr. Sandip Kumar Mishra                                     Member Secretary
Scientist- F, Institute of Life Sciences, Bhubaneswar - 751023

Civil Modification and Building Repair Committee
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Finance Committee
Shri Vishvajit Sahay, IAS  Chairman
Additional Secretary & Financial Advisor, Govt. of India
Department of Biotechnology, Ministry of Science & Technology, New Delhi- 110003

Dr. Ajay Parida  Member
Director, Institute of Life Sciences, Chandrasekharpur, Nalco Square, Bhubaneswar - 751023

Shri C.P. Goyal, IFS  Member
Joint Secretary, Govt. of India
Department of Biotechnology, Ministry of Science & Technology, New Delhi - 110003

Dr. Meenakshi Munshi  Member
Scientist-G & Scientific Adviser, ILS
Department of Biotechnology, Ministry of Science & Technology, New Delhi - 110003 

Dr. Garima Gupta  Member
Scientist-E & Nodal Officer, ILS
Department of Biotechnology, Ministry of Science & Technology, New Delhi - 110003

Dr. S. K. Das  Member
Scientist-F, Institute of Life Sciences, Bhubaneswar - 751023

Shri R. K. Behera                                        Member Secretary
Finance & Accounts Officer, Institute of Life Sciences, Bhubaneswar - 751023
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Ms. Sneha Mishra                                      (Independent Member)
Secretary, AAINA, Plot-70/3530 (Ground floor)
Behind Hotel Mayfair, Bhubaneswar -751013

Dr. Soma Chattopadhyay                                  Chairperson
Scientist-E, Institute of Life Sciences, Bhubaneswar-751023

Dr. Sarita Jena                                         Member
Scientist-E, Institute of Life Sciences, Bhubaneswar-751023

Dr. Tushar Kant Beuria                    Member
Scientist-E, Institute of Life Sciences, Bhubaneswar-751023

Shri Biswa Mohan Mishra        Member
Accountant , Institute of Life Sciences, Bhubaneswar-751023

Dr. Fahima Dilawaz  Member
WOS, Institute of Life Sciences, Bhubaneswar-751023

Mrs. Durgesh Nandini Kanungo                                Presiding Officer
Asst. Librarian, Institute of Life Sciences, Bhubaneswar-751023

 PSHWE Committee 

Dr. Ajay Parida  Chairman
Director
Institute of Life Sciences, Bhubaneswar - 751023

Dr. Saurabh Chawla                                    Main Nominee, CPCSEA 
Scientific Officer - D, Central Animal Research and Experimentation Facility (CARE),  NISER, Jatni-752050

Dr. Sudhanshu Sekhar Mishra                                 Link Nominee, CPCSEA 
Professor, Sambalpur University, Sambalpur -768016  

Dr. Narendra Kumar Parida                                 Scientist from Outside Institute, CPCSEA
Professor, Pharmaceutical College, Tamando, Bhubaneswar -752054

Mr. N. R. Mansingh                       Socially Aware Nominee, CPCSEA
Gundicha Vihar, 3rd Lane, At-Sarvodaya Nagar, Puri -752002

Dr. Rupesh Dash  Member
Scientist-E, Institute of Life Sciences, Bhubaneswar -751023

Dr. Arun Nagaraj  Member
Scientist-E, Institute of Life Sciences, Bhubaneswar -751023

Dr. Shanti B. Senapati  Member
Scientist-E, Institute of Life Sciences, Bhubaneswar -751023

Dr. Sarita  Jena                                          Member Secretary
Scientist-E, Institute of Life Sciences, Bhubaneswar -751023                       
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Human Ethics Committee 

COMMITTEES/STAFF AND OTHER INFORMATION

Dr. B. S. Das  Chairman
House No. 117, Ratnakarbagh-1, Tankapani Road, Bhubaneswar - 751018

Dr. Sanghamitra Pati  Member
Director, Regional Medical Researc Centre, Nalco Square, Bhubaneswar - 751023 

Dr. Samir Sahu  Member
Senior Consultant, Critical Care & Pulmonology,  AMRI Hospitals
Plot No. 1, Beside Satyasai Enclave, Khandagiri, Bhubaneswar - 751030

Dr. Jaya Krushna Panigrahi  Member
Environmental and Educationalist, Professor (Retd.),
Plot. No. 41-A, Prachin Enclave, Opp. Care Hospital, Bhubaneswar

Dr. Roma Rattan  Member
Department of Biochemistry, SCB Medical College & Hospital, Mangalabag, Cuttack - 753007

Prof. Rama Chandra Majhi  Member
Professor of Philosophy (Retd.), Plot No. 97/2430, Sailashree Vihar, Bhubaneswar - 751021 

Mr. Umakanta Pattnaik  Member
Advocate, 196, Laxmi Sagar, Bhubaneswar - 751010

Mr. Gobinda Dalai  Member
Executive Director, Yuva Vikas, Plot No. 15, Brindavan Garden, Kolathia, Khandagiri, Bhubaneswar

Dr. Rupesh Dash                   Member Secretary
Scientist-E, Institute of Life Sciences, Bhubaneswar- 751023

Dr. Ajay Parida  Chairman
Director
Institute of Life Sciences, Bhubaneswar-751023

Dr. Sanghamitra Pati                                  DBT-Nominee
Director, RMRC
ICMR-Bhubaneswar

Dr. Amaresh Kumar Nayak                                     External-expert
Principal Scientist and Head, Division of Crop Production, 
National Rice Research Institute, Cuttack-753007

Dr. Ghanashyam Biswas                                    Medical Expert
Consultant Medical Oncologist,
Sparsh Hospital & Kalinga Hospital, Bhubaneswar-751023

Dr. Sandip Kumar Mishra  Member
Scientist-F, Institute of Life Sciences, Bhubaneswar-751023

Dr. Soumen Chakraborty  Member
Scientist-E, Institute of Life Sciences, Bhubaneswar-751023

Dr. Rupesh Dash  Member
Scientist-E, Institute of Life Sciences, Bhubaneswar-751023

Dr. Nrisingha Dey                              Member Secretary
Scientist-F, Institute of Life Sciences, Bhubaneswar-751023

IBSC Committee 
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Scientists

1. Dr. Ajay Kumar Parida      Director

2. Dr. Birendra Prasad Shaw      Scientist -G

3. Dr. Durg Vijai Singh      Scientist -G (upto 30.09.2019)

 Currently on lien to Central University of South Bihar, Gaya, Bihar

4. Dr. Sandip K. Mishra      Scientist - F

5. Dr. Subrat K. Das      Scientist - F

6. Dr. Nrisingha Dey      Scientist - F

7. Dr. Soumen Chakraborty      Scientist - F

8. Dr. Sanjeeb Ku. Sahoo      Scientist - F

9. Dr. Narottam Acharya      Scientist - F

10. Dr. Satish Devadas      Scientist - E

11. Dr. P.V. Ramchander      Scientist - E

12. Dr. Soma Chattopadhyay      Scientist - E

13. Dr. Sunil K. Raghav      Scientist - E  

14. Dr. Tushar Kant Beuria      Scientist - E

15. Dr. Rajeeb Kumar Swain      Scientist - E

16. Dr. Rupesh Dash      Scientist - E

17. Dr. Shantibhusan Senapati      Scientist - E

18. Dr. Santosh Chauhan      Scientist - E

19. Dr. Sarita Jena      Scientist - E

20. Dr. Anshuman Dixit      Scientist - E

21. Dr. Gulam Hussain Syed      Scientist - E

22. Dr. V. Arun Nagaraj      Scientist - E

23. Dr. Amol Ratnakar Suryawanshi      Scientist - E

24. Dr. Punit Prasad      Scientist - E

25. Dr. Dileep Vasudevan      Scientist - D

26. Dr. Amaresh Chandra Panda      Scientist - D

27. Dr. Mamoni Dash      Ramalingaswami Fellow

28. Dr. Nivedita Jena    Chief Operating Officer, DBT-ILS Bioincubator

29. Dr. B. Ravindran      Emeritus Professor

Administrative & Supporting Staff

30. Dr. D. Pradhan      Administrative Officer

31. Mr. B. P. Samal      Stores & Purchase Officer

32.  Mr. R. K. Behera      Finance & Accounts Officer

33. Mr. A. Routray      Information Officer

34. Mr. B. M. Mishra      Accountant

35. Mrs. D. N. Kanungo      Asst. Librarian

36. Mr. P. K. Das      Technician

Scientific, Administrative and Supporting Staff 
as on 31.03.2021
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37. Mr. P. K. Sahoo       PA to Director

38. Mr. K. C. Sahoo       Lab Technician

39. Mr. P. Nath       Lab Technician

40. Mr. B. S. Sahoo       Lab Technician

41. Mr. S. S. Mohanty       Lab Technician

42. Mr. K. C. Nayak       Lab Technician

43. Mr. S. Das       Jr. Instrumentation Engineer

44. Mr. D. Goswami       Sr. Stenographer 

45. Mr. D. K. Kar       Jr. Asst.-cum-Typist

46. Mr. M. Behera       Office Assistant

47. Mr. N. Parida       Driver 

48. Mr. R. C. Sha       Tradesman

49. Mr. B. K. Rout       Tradesman

50. Mr. S. K. Rout       Tradesman

51. Mr. A. Biswal       Tradesman

52. Mr. A. Barik       Tradesman

53. Mr. J. D. Mallick       Tradesman

54. Mr. M. S. Nayak       Tradesman

Contractual and Project Staff

55. Mr. Chakradhar Parhi       Assistant Engineer (Electrical)

56. Mr. Narottam Nayak       Assistant Engineer (Civil)

57. Dr. Naga Jogayya Kothakota       Technical Officer

58. Mr. Kamala Kanta Bhuyan       Assistant Personnel Officer

59. Mr. Chitaranjan Jagadev       Assistant Personnel Officer

60. Mr. Dipti Ranjan Das       Assistant Personnel Officer

61. Mr. Akshaya Kumar Mohanty       Lab Technician

62. Mr. Gouranga Charan Parida       Technical Assistant

63. Mr. Prabodha Kumar Behera       Electrician

64. Mr. Bijaya Ketan Mangaraj     Project Professional - Finance & Accounts

65. Mr. Sikandar Pradhan                                                        Project Professional - Finance & Accounts 

66. Ms. Ambika Patro                                                       Project Professional - Academic & Administration

67. Ms. Niharika Pattnaik                                                                        Project Professional - Administrative 

68. Ms. Biswa Bandana Chakra                                                                        Project Professional - Stores & Purchase
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Women Scientist / Research Associates / PDF’s / Senior and 
Junior Research Fellows - Institutional and Projects

as on 31.03.2021

Institutional 
1 Ms. Deepika Singh, SRF

2 Mr. Sourav Ghosh, SRF

3 Ms. Parej Nath, SRF

4 Ms. Bharati Singh, SRF

5 Mr. Krushna Chandra Murmu, SRF

6 Mr. Subha Saha, SRF

7 Ms. Shaheerah Khan, SRF

8 Mr. Arup Ghosh, SRF

9 Ms. Suchismita Behera, SRF

10 Ms. Neha Singh, SRF

11 Mr. Shraddheya K. Patel, SRF

12 Ms. P. M. Vaishali, SRF

13 Mohd. Faraz Alam, SRF

14 Mr. Ruchir C. Bobde, SRF

15 Mr. Voddu Suresh, SRF

16 Ms. Priya Singh, SRF

17 Ms. Premlata Kumari, SRF

18 Ms. Swagata Bose, SRF

19 Ms. Lini Sethi, SRF

20 Ms. Pallavi Mohapatra, SRF

21 Ms. Ruchika, SRF

22 Ms. Ritu Rani Archana Kujur , SRF

23 Mr. Sushanta Deb, SRF

24 Mr. Nishant Ranjan, RA

25 Mr. Jugal Kishor Sahu, SRF

26 Ms. Rohila Jha, JRF

27 Ms. Sasmita Samal, SRF

28 Ms. Pinkilata Pradhan, SRF

29 Mr. Shubham Ku. Shaw, JRF

30 Ms. Deepti Parida, JRF

31 Ms. Amrita Ray, JRF

32 Mr. Suvendu Ojha, JRF

33 Mr. Sanjeev Anand, JRF

34 Mr. Rinku K. Sahu, SRF

35 Ms. Satabdi Roy, Proj. Professional

36 Mr. Rahul Das, JRF

37 Mr. Surajit Gandhi, JRF

38 Ms. Sneha Dutta, JRF

39 Ms. Shristi Lama, JRF

40 Ms. Archana Samal, JRF

41 Ms. Shamima Azma Ansari, JRF

42 Ms. Aishwarya Sen, JRF

43 Ms. Ipsita Subhadarsini, JRF

44 Mr. Subhasish Prusty, JRF

45 Ms. Auromira Khuntia, JRF

46 Mr. Sayantan Chanda, JRF

47 Mr. Tshetan Sherpa, JRF

48 Mr. Shyamlal Bhue, JRF

49 Mr. Deepak Singh, JRF

50 Mr. Dolagobinda Pradhan, SRF

51 Mr. Debasish Mohapatra, SRF

52 Mr. Yatin Dhingra, Consultant

53 Ms. Srusti Ray, JRF

54 Mr. Abinash Behera, JRF

55 Mr. Amlan P. Mohapatra, JRF

56 Ms. Sayani Das, JRF

57 Ms. Swayambara Mishra, JRF

58 Ms. Tanvi  Sinha, JRF

59 Ms. Pooja Archana Sahani, JRF

60 Ms. Barsha Baisakhi Nayak, JRF

61 Ms. Sameekshya Satapathy, JRF

62 Ms. Lakshmi Priya Panda, JRF

63 Ms. Agnisha Datta, JRF

64 Ms. Khushbu Kumari, JRF

65 Ms. Praneeta Pragyan Kuanr, JRF

66 Mr. Santosh Kumar Das, JRF

67 Mr. Rajib Kundu, JRF

68 Mr. Ajay Bhat, Admn Professional

69 Ms. Rasmita Mishra, Proj. Assistant

70 Ms. Atimukta Jha, SRF

71 Mr. Govinda Ch. Jha, Project Asst.

72 Ms. Khushboo, Admin Facilitator

DBT
73 Mr. Soumya Sengupta, SRF

74 Mr. Gyan Prakash Mishra, SRF

75 Mr. Tanmoy Debnath, SRF

76 Mr. Surya Prakash, SRF

77 Ms. Suman Singh, JRF

78 Dr. Swati Chauhan, RA

79 Dr. Joytirmay Tripathy, RA

80 Dr. Aritreyee Datta, RA

81 Dr. Rashmirekha Pati, RA

82 Dr. Pundrik Kumar Jaiswal, RA

CSIR 
83 Ms. Jhinuk Basu, SRF

84 Ms. Sunita Sinha, SRF

85 Ms. Aliva Prity Minz, SRF

86 Ms. Sanchari Chatterjee, SRF

87 Ms. Lipika Das, SRF

88 Ms. Gargee Bhattacharya, SRF

89 Ms. Pratikshya Sa, SRF

90 Ms. Manaswini Rout, JRF

91 Mr. Sivram Krishna, JRF

92 Mr. Saikat De, SRF

93 Ms. Mitrabinda Panda, SRF

94 Mr. Bibhudev Barik, SRF

95 Ms. Monalisa Parija, SRF

DST-Inspire
96 Mr. Amber Gupta, SRF

97 Mr. Aditya Anand, SRF

98 Ms. Priyanka Mohapatra, SRF

99 Ms. Subhasree Saha, SRF

100 Ms. Ankeeta Guru, SRF

101 Ms. Rasmita Rani Das, SRF

102 Mr. K. Abhishek, SRF

103 Ms. Debyashreeta Barik, SRF

104 Ms. P. Sushree Shyamli, SRF

105 Ms. Swati Madhulika, SRF

106 Ms. Usharani Nayak, SRF

107 Ms. Sanghamitra Dash, SRF
108 Ms. Eshna Laha, SRF

ICMR
109 Ms. Mehendi Hans, JRF

CSIR - SRA
110 Dr. Binay Bhusan Panda, SRA

111 Dr. Shaikh Nausad Hossain, SRA

112 Dr. Manas Kumar Tripathy, SRA

UGC
113 Mr. Jeky Chanwala, SRF

114 Mr. Kaushik Sen, SRF

115 Ms. Pratima Kumari, SRF

116 Ms. Gyanasri Sahu, SRF

117 Ms. Kollori Dhar, SRF

118 Mr. Satya Ranjan Sahu, SRF

119 Ms. Manisha Sethi, SRF 

120 Ms. Bhabasha Gyandeep Utkalaja, SRF

121 Ms. Arundhati Das, SRF

122 Mr. Sibasish Mohanty, SRF

123 Mr. Hiren G. Dodia, SRF

124 Mr. Debojyoti Das, SRF

125 Ms. Pratigyan Dash, SRF

126 Ms. Rina Yadav, SRF

127 Mr. Ketul Saharan, SRF

128 Mr. Aniruddha Das, SRF

PROJECT
129 Ms. M. Chandana Shetty, SRF

130 Mr. Avula Kiran, SRF

131 Ms. Preethy. V., DHR Project Scientist

132 Dr. Sagarika Mishra, WOS

133 Ms. Sreeparna Podder, JRF

134 Dr. Seema Pradhan, RA-III

135 Dr. Fahima Dilnawaz, WOS

136 Dr. Nuzhat Ahsan, WOS

137 Dr. Shweta Thakur, RA-I

138 Dr. Pradeepa, SERB-NPDF

139 Mr. Smruti Sambhav Mishra, JRF

140 Ms. Supriya Suman Keshry, JRF

141 Mr. Hiralal Meher, Lab. Technician

142 Mr. Karnel Naik, Proj. Assistant

143 Ms. Shallu Sharma, DEO

144 Mr. Ramyasingh Bal, Lab. Manager

145 Mr. M. Prabhudutta, RA

146 Mr. Biswajit Parida, Project Assistant

147 Mr. Soumyajit Ghosh, Project Assistant

148 Mr. Sharad Singh, Research Assistant

149 Mr. Deepak Kumar Jha, Project JRF

150 Mr. Sweta Smita Pani, RA

151 Mr. Badrinath Khadanga, Proj. Asst.

152 Ms. Manasi Priyadarshini, Proj. Asst.

153 Ms. Aditi Chatterjee, JRF

154 Mr. Somanath Baral, JRF

155 Ms. Swagatika Panda, NPDF
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ILS Legal & Estate Affairs

The Legal & Estate Affairs Division (L&EA) looks after all legal matters 

under various Acts, including RTI.

This Division is also entrusted with works related to Estate Affairs, 

House Keeping & Welfare, Building Engineering & Construction, 

Security & Surveillance and Vigilance & Disciplinary. The 

performance of L&EA Division of ILS during 2020-21 is summarized 

as:

1) Fourteen applications seeking information under RTI Act were 

received during 2020-21 and information sought was provided to 

all the applicants within the prescribed time limit. The replies 

were all self-contained and were also disposed within the 

authorized time-frame.

2) Vigilance Awareness week was observed in the Institute. 

Seminars and Competitions were conducted among the staff 

and students of the institute.
nd3) Swatch Bharat Abhiyan was conducted on 2  October 2020 at 

ILS, Bhubaneswar line with the Government Guidelines and 
Swachhta Shapath was administered as part of national 
cleanliness campaign.

4) Other programs in line with the Government of India's 
directions namely Anti-Terrorism Day, Martyrs Days was 
observed in the institute.

Women Scientist / Research Associates / PDF’s / Senior and 
Junior Research Fellows - Institutional and Projects

as on 31.03.2021

156 Ms. S. Suranjika, Proj. Associate-1

157 Mr. S. Jena, Field Data Collector

158 Ms. Adyasha Mishra, Lab. Tech.

159 Dr. Chinmayee Mohapatra, RA

160 Ms. Garima Sharma, DEO

161 Ms. Sudeshna Datta, Data Analyst

162 Ms. Safal Rajesh Walia, Data Analyst

163 Ms. Varsha Snata Mohanty, SDST-WOS

164 Mr. Kamalesh K. Sahoo , Field Assistant-II

165 Ms. Archana Mahapatra, JRF

166 Ms. Shifu Agarwal, SRF

167 Dr. Subhash Mehto, Inspire Faculty

168 Ms. Noohi Nasim, RA

169 Ms. Jyotsna Priyadarshini, Technical Asst.

170 Mr. S.K. Sahidur Rahaman, JRF

171 Dr. Nalini Singh, RA

172 Dr. Sharmistha Shyamal, RA

173 Ms. Pallavi Samal, Proj. Associate-I

174 Dr. Devyanshi Karothia, RA

175 Mr. Laxmi N. Boxi, Proj. Associate-II

176 Mr. Manish Prakash Victor, SRF

177 Ms. Kananbala Patra, SRF

178 Dr. Omprakash Shriwas, JRF

179 Mr. Sandeep Ota, Lab. Tech.

180 Mr. Naveen, Data Entry Operator

181 Ms. Sneha Kumari, Lab. Tech

182 Mr. Rakesh Tank, Admin. Professional

183 Ms.Geetanjali Rawat, Lab. Tech

184 Ms. Poornachithra M., Research Associate

185 Ms. Diya Chattopadhyay, JRF

186 Mr. Gyanendra Prasad Panda, Consultant

187 Mr. Suraja Kumar Das, Lab. Technician

188 Dr. Asima Tripathy, Facility Manager

189 Ms. Monalisa Dash, Technical Professional

190 Mr. Manish Kumar Singh, RA-1

191 Dr. Kautilya Kumar Jena, SRF

192 Mr. Pintu Dash, DEO

193 Ms. Sonali Nayak, Personal Assistant

194 Ms. Sagnya Sarita Rath, Personal Assistant

195 Ms. Itishree Jena, Adm. Prof.- DBT-ILS-BIC

196 Mr. Jaganath Pani, Accounts Professional

197 Md. Farhan Khursheed, Consultant - IT

198 Mr. Y.P. Singh, Principal Project Associate

199 Mr. S. Kumar, Principal Project Associate

200 Mr. D. Deb, Principal Project Associate

201 Mr. K. Singh, Consultant-Admn. & Finance

202 Mr. Ravi Kant, Project Officer

203 Ms. Reetu Saxena, Project Officer

204 Mr. Ashish Grover, Project Assistant

205 Mr. Sandeep Bhati, Project Assistant

206 Mr. Yogesh Kumar, Personal Assistant

207 Mr. Dechen Dolma, Young Professional-II

208 Ms. Ankita Datey, SRF

209 Mr. Shamim Akhtar Sufi, RA

210 Dr.  Jayalaxmi Dash, RA

211 Mr. Soumendu Mahapatra, PA-II

212 Mr. Viplov Kumar Biswas, PA-II

213 Ms. Soumya Shree Nayak, PA-II
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