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FROM THE DIRECTOR’S DESK

THRENWunNy | take immense pleasure to present the

R E L | Annual Report of Bose Institute for the
year 2020-21, truly depicting the
dedicated  endeavours  of  this
prestigious Institute for attainment of
excellence in multi-disciplinary
research areas, to develop solutions to
the national problems with the
objective to develop and disseminate
knowledge freely for the benefit of the
mankind.

I convey my heartfelt congratulations
to all the faculty, staff and students for
their tireless efforts during this stressful
period of COVID-19 pandemic resulting
lockdown, disruptions, delays, economic hardship, even when our survival was quite vulnerable.

It is needless to mention that knowledge is power and therefore has remained one of the most
significant driving forces of sustaining human existence. New and effective ways of thinking
have emerged considerably within the disciplines of science, philosophy, psychology and
education. An emerging movement is there to transcend the fragmentation of knowledge
connected with disciplinary specialization via interdisciplinary, multidisciplinary and
transdisciplinary approaches. Academic researchers and research council bureaucrats need to pay
greater attention that ‘knowledge production’, ‘knowledge transfer’ and ‘knowledge
dissemination’ have become main commaodities of the increasingly competitive global knowledge
market economy. The systematic knowledge shifts of the last century are crucial aspects of
complex processes that are least understood in terms of their significance for the future of ideas
and the culture of education. These independent and divergent, yet interconnected movements
prove the way for the emergence of more vibrant as well as pluralistic approaches to education
and knowledge futures. In this regard, one must admit that education is one of the most pivotal
weapons to fight against socio-economic maladies like poverty and inequality. Education is the
key to augment the country’s global competitiveness maintaining international quality in higher
education as well as acceptability and sustainability of skilled manpower. Therefore accessibility
to quality education for all, particularly for the poor, weaker sections and rural population, is key
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to the social and economic development of the country. Besides, apprehension of
inefficaciousness and dilution in quality of education to online modules appears to be an
important impediment on the way of accommodating required changes in the system. So, in order
to disseminate the benefit of higher education at large, it is inevitable to reduce inequalities of
access to higher education substantially. The inequalities vary from quality to gender, from
technology to region. Notwithstanding its greater size, the higher education system in our country
is far away from the reach of the bulk of the socially, economically and -culturally

underprivileged section of the population and fails to meet the increasing demand for higher
education, especially from weaker sections of the society including economically, culturally and
educationally backward people.

To bequeath the monumental scientific tradition to the nation, Aharya J. C. Bose, the doyen of
Modern Indian Science, founded Bose Institute in the year 1917. In fact, the establishment of
Bose Institute can rightly be termed as one of the earliest manifestations of India’s quest to
establish the nation’s self-esteem as an equal to the colonizing West. Bose Institute pursues
research on High Energy Physics — Understanding of Sub-atomic Particles, Quantum Information
and Communication, Understanding of Response of Plants under Biotic and Abiotic Stress,
System and Synthetic Biology, Environmental Microbiology and Climate Change, Structure and
Functions of Macromolecules, Bioinformatics, Bioorganic Chemistry for Drug Development,
Identification of Drug Target and Validation of Bioactive Molecules for Therapeutic Intervention
etc.

Taking advantage of the diverse and complementary research expertise of the faculty, coherent
and synergistic multi-disciplinary research approaches focus on achieving scientific goals that are
completely aligned with the mandate of the Department of Science and Technology, Government
of India. The major accomplishments of Bose Institute are focussed in the areas viz.
Neurodegenerative Disorders, Cancer, Infectious Disease, Environmental Science and
Microbiology, Bioinformatics, Plant and Agricultural Science, Physical Science, COVID-19
specific studies, Autoimmune and Metabolic Disorders etc.

Bose Institute had published 258 numbers of full length peer reviewed research papers in referred
journals and 21 Books/Book Chapter/Invited Reviews during the year 2020-21. The Institute had
produced 17 Ph.D students and trained 16 research manpower (B.Tech., M.Tech., M.Sc.,
Diploma etc.) who are working at various renowned institutes all over the world.

I may mention a considerable number of significant global and national collaborations with Bose
Institute viz. Study of cosmic ray interactions and cosmic ray aerosol cloud connection in the
context of regional climate change in the eastern Himalaya; Indo-FAIR Co-ordination Centre:
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Oversee the designing, manufacturing and supply of in-kind items for accelerator and coordinate
Indian Scientific activities at FAIR, Germany; Compressed Baryonic Matter — Muon Chamber
(CBM-MUCH): Research on suitability of gas electron multiplier (GEM) foils as a high-gain
detector and development of Muon Chamber for Compressed Baryonic Matter experiment at
FAIR, Germany; A large ion collider experiment (ALICE) - upgrade, operation and utilization :
Research on central readout unit and development of hardware for ALICE upgradation and
exploring the new physics at higher energies, CERN, Switzerland; The development and
implementation of sensors and treatment technologies for freshwater systems in India:
Development of biosensors for detecting Endocrine Disrupting Compounds (EDC) in freshwaters
for providing safe drinking water; Centre of Excellence in Bioinformatics: Investigate biological
processes using computational tools, data mining, database management and statistical
analyses; DBT-NOW: Unravelling the role of PLC in plant drought and heat stress tolerance:
Exploring the potential of Pl metabolism to improve crop yield. Hydrogenogenic carbon
monoxide conversion under mesophilic condition using anaerobic granular sludge biomass for
biodesulpherization with IIT Guwahati, Assam; Multi-Dimensional Research to Enable Systems
Medicine: Acceleration using a Cluster Approach with NIBMG, Kalyani, 1ISER Kolkata, TMC,
Kolkata, ISI, Kolkata, 11CB, Kolkata; Solid tumor targeting using homing peptides and plasmonic
photothermal technique with CSIR-CSIO, CSIR-IIIM, IT Ropar, AIIMS, Delhi; National
Carbonaceous Aerosols Programme (NCAP) WGIII: Carbonaceous Aerosols Emmissions,
Source appointment and Climate effects with 1IT Bombay and 16 others; Fabrication of Infrared
Photo-detector based on 2D systems and Tuning the Detection Windows by coupling with
Nanostructures with Jadavpur University etc.

Bose Institute has been in the forefront of establishing many interdisciplinary areas, such as,
bioinformatics/computational biology, Biophysics, High-altitude laboratories for physical and life
sciences. Besides, COVID-19 specific studies were conducted quite appreciably by the scientists
of the Institute viz. (i) A study was conducted on the impact of over-spraying of hypochlorite
solution (as surface disinfectant to stop spreading of Covid-19) on the atmospheric chemistry and
public health (ii) Identified drugs/molecules which are already FDA approved (pharmaceuticals
and nutraceuticals) for some diseases and now could be repurposed against COVID19 as well.
These computational predictions, using molecular simulations and artificial intelligence, are
already published and open for further testing by the scientific community (iii) High-throughput
virtual screening of repurposing drugs and their characterization with SARS CoV-2 E-protein
using high-resolution NMR spectroscopy.

A number of lectures/colloquia/webinars by eminent scientists through virtual mode were
hosted/organized by Bose Institute viz. Prof. Mahan Maharaj, School of Mathematics, Tata
Institute of Fundamental Research, Mumbai, delivered Professor D M Bose Memorial Lecture
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2020 on ““Hyperbolic Geometry and Chaos in the Complex Plane” on 26-11-2020, the 136"
Birth Day of Professor Debendra Mohan Bose; Dr. Gopal Mukherjee, Variable Cyclotron
Energy Centre, Kolkata, delivered a colloquium talk on *““Manifestation of Classical Motions in
the Quantum World of Nuclei” on 24-09-2020; Dr. Oommen Varghese, Uppsala University,
Sweden delivered a colloquium talk on “Designing biomimetic 3-D scaffold for regenerative
medicine: A strategy for bone tissue engineering” on 18-02-2021; Dr. Janos Kriston-Vizi,
University College London delivered a webinar talk on “Imaging informatics in Biological
Research and Drug Discovery” on 23-09-2020; Prof. Abhijit Majumder, Wayne State University,
Michigan, USA delivered a webinar talk on “A Framework for Precision Exploration of the
Quark Gluon Plasma” on 03-11-2020; Dr. Areejit Samal, Computational Biology Group, The
Institute of Mathematical Sciences, Chennai delivered a webinar talk on ““A network prospective
on biologically-relevant chemical spaces” on 07-12-2020; Dr. Birendranath Banerjee, Scientist
and Founder & MD in DNA Life Sciences Private Limited, delivered a webinar talk on “21st
Century Life Style monitoring: A giant leap from Blood to DNA” on 21-12-2020; Dr. Nimesh
Gupta, Scientist, National Institute of Immunology, New Delhi, delivered a webinar talk on “A
deep dive into the vaccines and its immunology” on 14-01-2021; Prof. Tamir Tuller, Head of the
Laboratory of Computational Systems and Synthetic Biology, Tel Aviv University, delivered a
webinar talk on “Computational modelling of novel gene expression codes and their
applications™ on 17-02-2021.

Last but not the least, | am really indebted to Bose Institute Council Members especially to our
Hon’ble Chairman for kind support, wisdom, vision and valued guidance to translate the
ideas/plans into practice for all round development of the Institute maintaining integrity and
sustainability. 1 am grateful to our funding agency, Department of Science and Technology,
Government of India, for their generous support in terms of incessant flow of funds as well as
administrative and financial assistance ensuring to nurture a research-conducive environment in
the Institute and also enabling us to render exemplary contributions by fulfilling the research

needs of the country.

Prof. (Dr.) Uday Bandyopadhyay
Director
Bose Institute, Kolkata
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Bose Institute is a grant-in-aid autonomous institution under the Department of Science and
Technology (DST), Ministry of Science & Technology, Government of India. It has a Governing
Body. The management of the Institute is vested in Bose Institute Council. The Institute also has
a Finance Committee responsible for the financial policies and management.

Bose Institute Governing Bod

1. Prof. S.N. Chatterjee 2. Shri Somnath Sanyal

3. Prof. D. Banerjea 4. Dr. Anutosh Chatterjee

5. Dr. Manish Sekhar Chakraborty 6. Shri D. Mandal

7. Shri Dilip Bhattacharyya 8. Prof. Parul Chakrabarti

9. Prof. Bikash Sinha 10. The Director, Bose Institute - Secretary

Bose Institute Council

1. Prof. Gautam R. Desiraju, Chairman
I1Sc, Bangalore

2. Prof. Dipankar Chatterji
Honorary Professor, Molecular Biophysics Unit, 11Sc, Bangalore.

3. Prof. G. Balakrish Nair
Distinguished Professor, RGCB Bio Innovation Center, Thiruvananthapuram, Kerala

4. Prof. Subodh R Shenoy
Visiting Professor TIFR, Hyderabad

5. Prof. Basanta Kumar Nandi
Dept. of Physics, IIT Mumbai.

(o2}

. Secretary, DST or his nominee

7. Financial Adviser, DST

8. The Chief Secretary, Govt. of WB or his nominee

9. The Director, Indian Association for the Cultivation of Science, Kolkata
10. The Director, S. N. Bose National Centre for Basic Sciences, Kolkata
11. The Director, Bose Institute

12. The Registrar, Bose Institute — Non-Member Secretary
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Secretary, DST, Financial Advisor, DST
Govt. of India or his nominee Govt. of India or his nominee
The Director, Bose Institute The Registrar, Bose Institute — Secretary

Members of the Research Advisory Council (RAC

Prof. D. N. Rao, Chairman
Department of Biochemistry, 11Sc, Bangalore

Prof. Dipankar Nandi, Member Prof. Prasanta K. Panigrahi, Member
Department of Biochemistry Department of Physical Science

I1Sc, Bangalore IISER, Kolkata

Prof. Ashwini Nangia, Member Prof. Arindam Ghosh, Member

School of Chemistry Centre for Nano Science and Engineering

University of Hyderabad, Hyderabad Department of Physics, 11Sc, Bangalore

Dr. Ramesh Venkata Sonti, Member  Prof. J. N. Moorthy, Member
Indian Institute of Science Education Director, IISER, Thiruvananthapuram
and Research Tirupati, Tirupati, AP Maruthamala PO, Vithura, Thiruvananthapuram

Dr. Amit Prakash Sharma, Member  Prof. Mahan Maharaj, Member
ICMR - Bnational Institute of Malaria School of Mathematics,
Research (Delhi Campus), New Delhi Tata Institute of Fundamental Research, Mumbai

Registrar, Secretary, Bose Institute, Kolkata
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INTRODUCTION

The doyen of modern science in India, Acharya Jagadish Chandra (J. C.) Bose was a pioneer in the real
sense of the word. He was the first to demonstrate wireless transmission of signals. That research paved
the way for radio communications, although Guglielmo Marconi received the Nobel Prize for the
discovery. J. C. Bose was the first in the world to employ semiconductor technology, sixty years ahead
of the times, in the words of the Nobel Laureate Sir Neville Mott. His seminal work on
electrophysiology started the discipline of Biophysics.

Despite all these achievements, the scientific career of J. C. Bose was full of continuous struggles.
The West promptly hailed his first discovery of wireless transmission, but they denied or often
ridiculed his later works on 'living and non-living'. To prove his results, J. C. Bose fabricated his
scientific instruments. The accuracy and ingenuity of those instruments amaze the scientific
community until now. Since he had no institutional support until then, J. C. Bose acutely felt the
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need for an institute, which will cater to the need generations to come. He found generous support
in his resolve from stalwarts like Rabindra Nath Tagore, Sister Nivedita, Gokhale, and Mahatma
Gandbhi, to name a few.

After retirement from Presidency College in Kolkata (then Calcutta), J. C. Bose devoted himself
entirely to the establishment of this haven, Bose Institute. He committed the savings of his and his
wife Lady Abala, and the inheritances to this task but that were, expectedly inadequate. Many
patriots, some of whom named above, helped and contributed him at that time. J. C. Bose even
resorted to giving scientific demonstration-lectures all over India. The organizers charged the
admission fees to help found the Institute. Thus, the establishment of Bose Institute is the
manifestation of India’s hope to establish the nation’s self-esteem as an equal to the colonizing
west. On 30th November 1917, which coincided with his birthday, J. C. Bose inaugurated Bose
Institute at the premises located at 93/1, Upper Circular Road (now A. P. C. Road) adjacent to the
Rajabazar Science College.

J. C. Bose encouraged his followers to pursue the investigation of the ever-opening problems of
developing science. In his own words "which includes both Life and Non-Life...The advance of
science is the principal objective of this Institute and also the diffusion of knowledge.. to associate
the advancement of knowledge with the widest possible civic and public diffusion of it, and this
without any academic limitations, henceforth to all races and languages, to both men and women
alike, and for all the time coming.. Thus the lines of physics, physiology and psychology converge
and merge. And here will assemble those who would seek oneness amidst the manifold”. These are
indeed prophetic words, motivating the pursuit of seamless science, or inter-disciplinary scientific
research, as we call it today.

With this lofty ideal, Bose Institute is striving for the past hundred years to justify the expectation
of its illustrious Founder. After his demise in 1937, his nephew, Dr. Debendra Mohan (D. M.)
Bose, then Sir Rashbehari Ghose Professor of Physics at the University of Calcutta, was prevailed
upon by Rabindra Nath Tagore to take over the reins of Bose Institute as Director. During his
leadership of 30 years, Bose Institute progressed to a modern laboratory to compete in the
international scientific scene. Under his tutelage, the research in high energy physics and nuclear
physics started for the first time in India. D. M. Bose and his student Biva Chowdhury succeeded in
detecting a new elementary particle, the mu meson, by exposing photographic emulsions at
mountain altitudes. The Nobel Prize also eluded them for this profound discovery. It is a matter of
ill-fate since they needed some emulsion of more acceptable resolution than the ones they were
using, quantifying their results conclusively but were unable to procure such films because of the
raging Second World War at the time.
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Meanwhile, C. F. Powell independently succeeded in discovering with the required accuracy and
bagged the Noble Prize for it. In his Nobel Lecture, however, Powell did acknowledge the original
work of Bose and Chowdhury. After J. C. Bose, that was another occasion of Bose Institute, and
India, being deprived of a well-deserved Nobel Prize.

D. M. Bose set Bose Institute on a course of an international contemporary and competitive
programme. He established the first Microbiology Department in India at Bose Institute. D. M.
Bose initiated research in understanding the observations of J. C. Bose in plant electrophysiology
from the standpoint of biochemical processes. He paved the way for establishing the discipline of
molecular biology in India. Bose Institute was one of the first institutions in India to embark on
such studies and earned an enviable reputation in the area. Another significant discovery, worthy of
a Nobel Prize, was carried out in the Chemistry laboratory of Bose Institute, the seminal discovery
of the Cholera endotoxin, by Prof. Sambhu Nath De, a professor of pathology at Calcutta Medical
College. Nobel Laureate Joshua Lederberg did nominate De for the Nobel Prize on more than one
occasion, but unfortunately without success.

The later generations of scientists at Bose Institute have followed in these lofty paths, if not with
similar achievements but with intense dedication and commitment and commendable success. They
can boast of significant contributions in plant genetics and biotechnology, structural and
computational biology, microbiology, systems biology, molecular medicine, astroparticle, particle
and quantum physics, and the environmental sciences. The Bose Scientists have collaborated in
several international endeavours both in physical and biological sciences.

Faithful to the exhortation of the Founder, Bose Institute undertakes extensive social outreach
programmes in rural biotechnology, aiming at bringing the fruits of science and technology to the
economically weaker section. Bose Institute conducts regular science camps for school children
and science teachers, especially from the North-Eastern states of India through the hands-on
programme. The Institute also runs an integrated MSc- PhD programme in Physical and Life
Sciences besides training of a large number of doctoral and post-doctoral students. The activities of
Bose Institute encompass over seven academic campuses, and experimental field stations spread all
over the state of West Bengal.

Acharya J. C. Bose was an ardent nationalist who desired India to rediscover its glorious heritage
and reclaim its leading position in the world of science and technology. Bose Institute indeed is
fortunate to inherit his great legacy and tries to prove itself worthy of this inheritance. To keep the
spirit of inquiry alive and fulfil the Founder’s dream, the Institute plans to embark on some new
directions of research in the coming years, which would build on the present expertise and take on
new challenges.
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Mandate

The Mandate of Bose Institute is basic research in emerging areas of Biology, Physics and
Chemistry as well as Rural Biotechnology Programme of direct societal benefit.

Mission

The core mission of Bose Institute can be summarized in the words of our founder, Acharya J. C.
Bose, “The advancement of science and also the diffusion of knowledge are the principal objectives
of the Institute”. Our mission is to provide a unique platform for cutting edge interdisciplinary
scientific research, both basic and applied, its dissemination among the society and human resource
development for a modern India. By encouraging interdisciplinary sciences, Bose Institute strives
to perform seamless research, as perceived by our founder and the first inter-disciplinary scientist,
which could lead to complete and in-depth understanding of scientific problems.

Vision

The vision of Bose Institute, is best captured in the declaration of the Acharya J.C. Bose’s
foundation day speech in November 30, 1917, “I dedicate today this Institute — not merely a
laboratory but a temple”. Acharya’s dream vision was to set up a research institute where Indians
could carry out scientific research, the backbone of any modern society, unhindered by the colonial
masters. The vision was not only the advancement of science by Indian scientists, but also the

diffusion of the generated knowledge among the larger society, to build a self-reliant and modern
India.

Objectives

The objectives of Bose Institute, Kolkata as laid down in the Memorandum of Association are as
follows:-

A. Advancement of knowledge by means of research

B. The diffusion of knowledge by organizing discourses, demonstration and lectures to be given
by original workers in it and thinkers.

C. To do all such things as are incidental or conducive to the attainment of the above objects or
any of them.
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Recent Activities:

Bose Institute pursues research for augmentation of fundamental knowledge-base and developing
solutions to national problems in the areas of healthcare, food security, environmental pollution
and climate change. Taking advantage of the diverse and complementary research expertise of the
faculty, coherent and synergistic multi-disciplinary research approaches focus on achieving
scientific goals that are completely aligned with the mandate of the Department of Science and
Technology, Government of India.
Areas of Focus: Research is pursued in following areas

e High Energy Physics — Understanding of Sub-atomic Particles

e Quantum Information and Communication

e Understanding of Response of Plants Under Biotic and Abiotic Stress

e System and Synthetic Biology

e Environmental Microbiology and Climate Change

e Structure and Functions of Macromolecules

e Bioinformatics

e Bioorganic Chemistry for Drug Development

e lIdentification of Drug Target and Validation of Bioactive Molecules for Therapeutic
Intervention.
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The efforts of the institute’s researchers have yielded several exciting results, which are as follows:

Neurodegenerative Disorders:

Studies on the possible treatment of the severity of brain disorders such as Huntington’s,
Parkinson’s and Spinocerebellar complications using protein engineering and natural
products.

Identification, through structural studies, of key steps in fibril formation mechanism that
can be targeted for drug development for Protein aggregation diseases related to
Alzheimer’s, Parkinson’s and Type-2 Diabetes.

Cancer:

Studies on the possible treatment of Cancer using the biomolecules present in the central
nervous system (such as glycolipids GM2), as potential targets.

Investigating the role of regulatory RNAs in cancer: LncRNA loci harbouring SNPs has
been elucidated for the three most prevalent female cancers in India viz. breast, cervical and
ovarian cancer.

Infectious Disease:

Identification of a drug target in Mycobacterium tuberculosis, causative agent of
tuberculosis.

Understanding of the association of homoplasy and pleiotropy with the drug-resistant of
Mycobacterium tuberculosis using Genomic analysis.

Deciphering the functional mechanism of the transcription factor delta in Bacillus subtilis
(bacteria).

Development of carbohydrate derived vaccine candidates for the treatment of bacterial
infections such as meningitis, salmonellosis and enteric diseases.

Environmental Sciences and Microbiology:

Bose Institute has been selected as the Institute of Repute for mitigation and control of air
pollution program in West Bengal under national clean air program of Govt. of India.

Detailed study of impact of air pollution on the low lying clouds over eastern Himalaya.
Understanding of important chemical aspects of plant-microbe interaction in the context of
mangrove vegetation, and their ecological implications.

Discovery of environment-guided thermal endurance in natural populations of mesophilic
bacteria stochastically introduced to extreme environments of Trans-Himalayan hot springs.
Geomicrobiological explorations of the Arabian Sea oxygen minimum zone sediments
revealed a central role of polythionates in the sulfur cycle, besides discovering crypto-
aerobic carbon-degraders and sulfur-oxidizers in these anoxic (sulfidic) sediments.
Biochemical and molecular characterization of catabolic gene regulation in the degradation
of endocrine disrupting chemicals.
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Bioinformatics:

Development of databases for applications in healthcare:

(i) ClinicLSNP: has been hosted within LncRBase V.2 (2" version of IncRNA database
has been launched) which contains detailed information about these SNPs.

(i) DRAGdb: A manually curated repository of mutational data of drug resistance-
associated genes (DRAGS) across pathogens (ESKAPE), which are specially relevant for
Mycobacterium tuberculosis (MTB).

Obtained molecular insight into the thermodynamic basis of the membrane anchoring
capacity of the peptides in terms of residue composition and polar characteristics.

Plant and Agricultural Science:

Characterization of cold and salt tolerant lines of Oryza sativa L. ssp. Indica (rice) using
high-throughput genomic approach.

Development of inter-specific hybrid sesame (emerging oilseed crop with high anti-
oxidant value) with high lignan content in oil and tolerance to charcoal rot in the seedlings.

Physical Science:

Complete characterization of quantum teleportation using two-qubit states in terms of
fidelity and fidelity deviation.

Physics analysis along with Designing as well as characterization of different kinds of
detectors for high energy physics International collaborations (ALICE at CERN and CBM
at FAIR, Germany) and cosmic ray experiments.

Demonstration of the tuning of light-matter coupling in exciton-plasmon (2D-0D) hybrid
system for application in optoelectronics devices.

COVID-19 specific studies:

A study was conducted on the impact of over-spraying of hypochlorite solution (as surface
disinfectant to stop spreading of Covid-19) on the atmospheric chemistry and public health.
Identified drugs/molecules which are already FDA approved (pharmaceuticals and
nutraceuticals) for some diseases and now could be repurposed against COVID19 as well.
These computational predictions, using molecular simulations and artificial intelligence, are
already published and open for further testing by the scientific community.

High-throughput virtual screening of repurposing drugs and their characterization with
SARS CoV-2 E-protein using high-resolution NMR spectroscopy.

Autoimmune and Metabolic Disorders:

Studies on key immunologically relevant macromolecular complexes using X-ray
crystallography and Cryo-Electron microscopy giving new insights in inflammatory and
autoimmune disorders.

Identified a non-toxic and serum stable heptapeptide that inhibits insulin amyloid
fibrillation, implicated in Type Il Diabetes.

Found that andrographolide can bind to ATP binding pocket of VEGFR2 receptor to
suppress angiogenesis in malignant carcinoma.
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Understanding plant intelligence and information processing in response to
environmental stimuli.

Unravelling the inherent complexities in key cellular processes and their implications in
disease biology.

Exploring microbiomes to reveal biosphere functions, manage pollution, and improve
lives.

Employing multimodal approaches to understand pathogen biology and hostpathogen
interactions for designing novel intervention strategies against infectious diseases.

Developing and deploying computational tools, data mining, database management,
statistical analysis, etc. for a holistic understanding of stem cell bioinformatics and
regulatory RNAS, oncogenomics, proteomics, drug design, structural bioinformatics and
macromolecular dynamics and for applications in healthcare.

Application of sub-micron physics to understand macro physics: Universe to biological
systems.

Microscopic origin of elementary matter in the universe Microscopic processes in
natural environment.

Mesoscopic systems: Light matter interactions.

Microscopic systems- Quantum information in many-body systems: Entanglement
properties and Quantum networks.
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International Collaborations - Mega Project

= Facility for Anti-proton lon Research (FAIR) is one of the largest accelerator facilities being
built at Darmstadt, Germany. This will facilitate research in low energy atomic physics to high-
energy heavy ion collision and physics with high energy anti-protons under the same roof. As a
founder member and shareholder of the FAIR, on behalf of DST, Govt. of India, Bose Institute
(BI) scientists are responsible to participate and oversee the designing, manufacturing and
supply of in-kind items (e.g. power converters, beam stoppers etc.) for accelerator and
coordinate participation of Indian scientistsin the experiments at FAIR. Physicists from Bl are
also participants of the Compressed Baryonic Matter (CBM) experiment that will study and
characterize the matter created in the relativistic nucleus-nucleus collisions at FAIR. A large section
of the Muon Chamber (MuCh) detector system will be built at Bl in addition to the development of
analysis tools and analysis of data from this experiment.

> AlLarge lon Collider Experiment (ALICE) is a dedicated heavy ion collision experiment at
Large Hadron Collider (LHC) at CERN for the understanding of physics of strongly interacting
matter at very high energy densities. Bl has been member of ALICE for last several years.
Along with the data analysis for the characterization of the system created in the collision, Bl
scientists have played crucial role in the operation and maintenance of the indigenously built
Photon Multiplicity Detector (PMD). Group has also contributed to develop the firmware
required for the Common Readout Unit (CRU), a crucial component in ALICE Data Acquisition

(DAQ) system.
National Collaborations

=< The development and implementation of sensors and treatment technologies for freshwater
systems in India : Development of biosensors for detecting Endocrine Disrupting Compounds
(EDC) in freshwaters for providing safe drinking water. Also, focusing to engineer biodegrader
bacteria for bioreactor-based remediation of EDC in industrial wastewater.

=< DBT-NOW: Unraveling the role of PLC in plant drought and heat stress tolerance: Exploring
the potential of Pl metabolism to improve crop yield; Hydrogenogenic carbon monoxide
conversion under mesophilic condition using anaerobic granular sludge biomass for
biodesulpherization with 1IT Guwahati, Assam.

> Multi-Dimensional Research to Enable Systems Medicine: Acceleration using a Cluster
Approach with NIBMG, Kalyani, IISER Kolkata, TMC, Kolkata, ISI, Kolkata, IICB, Kolkata.

> Solid tumor targeting using homing peptides and plasmonicphotothermal technique with CSIR-
CSIO, CSIR-1IM, IIT Ropar, AIIMS, Delhi.

> National Carbonaceous Aerosols Programme (NCAP) WGIII: Carbonaceous Aerosols
Emmissions, Source appointment and Climate effects with 1T Bombay and 16 others.

> Bose Institute has been participating in the National Network program “Metflux” of MoES, Govt of
India. Investigation on “Eastern Himalayan coniferous forest: Source or sink of Greenhouse Gases”

> Bose Institute has been actively participating in National Mission on Strategic Knowledge for
Climate Change (NMSKCC), DST since 2018. We are working on “Relative role of biogenic
and anthropogenic air pollutants on cloud formation over eastern Himalaya”.

> National clean air program: NCAP (MoEFCC, Govt of India) Strategic action plans to mitigate
air pollution state-wise. Bose Institute is the Nodal Institute and Dr. Abhijit Chatterjee, ESS is
the Nodal Faculty for West Bengal.

> Fabrication of Infrared Photo-detector based on 2D systems and Tuning the Detection Windows
by coupling with Nanostructures with Jadavpur University.
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TOTAL PUBLICATIONS 2020-21 258
AVERAGE PUBLICATION IMPACT FACTOR 2020-21 4.23
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FINANCIAL INPUTS

DST GRANT RECEIVED 2020-21 9,742
EXTRA MURAL GRANT RECEIVED 2020-21 3,605.72
NO. OF ON-GOING EXTRA MURAL PROJECTS 2020-21 57
AVERAGE EXTRA MURAL PROJECTS PER FACULTY 1.50
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LIST OF PERSONNEL (ADMINISTRATION)

Prof. (Dr.) Uday Bandyopadhyay, Director
Prof. Rajarshi Ray, Registrar (Officiating)

Rina Roy

(Retd. on 31.12.2020)
Vineet Kumar Tandon
Debdas Nandi

Sudam Ch. Jana
Satyaswaroop Behara
Nitin Sharma

Sanjoy Krishna Chaki
(Retd. on 31.03.2021)
Sujata Roy

Biplab Malakar
Animesh Jana

Atanu Deb

Mahendra Nath Shee
Khairul B. Mollah
Kali Charan Turi
(Retd. on 28.02.2021)
Sarda Devi

Bablu Mondal
Goutam Behera

Noreen Bhattacharjee, Deputy Registrar
Sougato Banerjee, Assistant Registrar

Sisir Chakraborty
(Retd. on 31.07.2020)
Supriya Das

Somnath Das

Amitava Bhattacharyya
(Retd. on 31.07.2020)
Gopa Dasgupta
Debasish Koley
Angshuman Bhowmik
Dr. Ishani Chatterjee
Bipul Kr. Nag

Ratan Saha

Sumanta Ghosh

Kanai Hazra

Madhu Sudan Marrick
(Retd. on 30.04.2020)
Chandra Kanata Sasmal
(Retd. on 31.03.2021)
Rajbrat Ram

Gourango Paramanick

Achintya Mukherjee, Accounts Officer
Vikash Kumar, Audit & Finance Officer

Mantu Bhattacharya
Tarun Kumar Maji
Kamal Sing

Ruby Sarkar

Babli Marrick
Ananya Malgope
Rina Das

(Retd. on 31.08.2020)
Sukanta Chakraborty
Arjun Das

Arpita Bose
Shaubhik Ghosh
Tuhin Saha

Sanat Kumar Dhara
Sk. Md. Kalu
Prafulla Bhuiya
Duryodhan Nayak
Raj Kumari Balmiki
Hemanta Kr. Sahoo
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Biochemistr

Ananya Jana: lIdentification and Characterization of Proteins Involved in Vesicular
Trafficking Events of Giardia lamblia. Supervisor: Prof. Srimonti Sarkar.

Sayani Sarkar : A Biochemical And Structural Study on Ubiquitination Activities by RING
E3 Ligases. Supervisor: Prof. Ajit Bikram Datta.

Bioinformatics

Aritra Deb: Role of Regulatory RNAs in Mammalian Development. Supervisor:
Dr. Zhumur Ghosh.

Debangana Chakravorty : Bioinformatics Based Knowledge Map of C-MYC Regulatory
Networks and Modulators. Supervisor: Dr. Sudipto Saha.

Biophysics

Swapna Bera: Structural Insights of AB Peptides in Membrane: Understanding the Role of
Fibrillation in Alzheimer’s Pathogenesis and Designing of Peptides for AR Fibril Inhibition.
Supervisor: Prof. Anirban Bhunia.

Bhisma Narayan Ratha: Peptide Based Biophysical Studies and Inhibitor Designing for
Signalling and Amyloidogenic Class of Proteins. Supervisor: Prof. Anirban Bhunia.

Environmental Sciences

Arindam Roy: Physical and Chemical Characterization of Wet Precipitation and its
Interaction with Aerosol over Eastern Himalaya, India. Supervisor: Dr. Abhijit Chatterjee

Microbiology

Satamita Deb: Exploration of Microbial Regulatory Modules in Gene Expression for
Biotechnological Application. Supervisor: Prof. Tapan K. Dutta

Arindam Dutta: An Insight Into Evolutionary Relationships of Naphthalene and Nitroarene
Dioxygenase. Supervisor: Prof. Tapan K. Dutta

M. J. Rameej: Molecular Biology of Chemolithotrophic Sulfur Oxidation by Paracoccus
thiocyanatus SST. Supervisor: Dr. Wriddhiman Ghosh

Subhrangshu Mandal: Exploration of Extreme Habitats for Novel Sulfur Chemotrophs.
Supervisor: Dr. Wriddhiman Ghosh
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e Soumya Jyoti Banerjee: Structural aspects of complex networks and their applications.
Supervisor: Prof. Soumen Roy

* Rajdeep Kaur Grewal: Studies on Biological Networks. Supervisor: Prof. Soumen Roy

e Saptarshi Sinha: Competition and cooperation in microbes. Supervisor: Prof. Soumen Roy

Plant Biolog

e Rwitie Mallik: Investigating The Role of AtHMGB15 (AT1G04880) Protein In
Transcriptional Regulation of Cold Stress Responsive Genes. Supervisor: Prof. Shubho
Chaudhuri

e Sananda Bhattacharya: Development of low phytate rice for increment of bio-available
phosphorus and other nutrients. Supervisor: Prof. Gaurab Gangopadhyay.

e Dibya Mukherjee: An insight into different survival strategies of Ustilago maydis under
conditions of stress. Supervisor: Dr. Anupama Ghosh



AWARDS / HONOURS / MEMBERSHIP

Dr. Zhumur Ghosh
1. Member of the National Academy of Science.

Environmental Sciences

Dr. Abhijit Chatterjee

1. Working with the WBPCB and Ministry of Environment, Forest and Climate Change, Govt
of West Bengal for continuous monitoring of air pollutants over several “non-attainment”
cities in West Bengal and building action plans for their mitigation under National Clean Air
Mission of Govt of India. Bose Institute has also been selected as the Institute of Repute for
this mission.

2. Selected as the member of Editorial Board of the prestigious international journal, “Earth and
Space Chemistry” of American Chemical Society.

Dr. Sanat Kumar Das
Memberships:

1. Subject Expert Committee - Earth & Atmospheric Sciences Areas of “Fund for Improvement
of S&T infrastructures in Universities and Higher Educational institutions”(FIST) Program
of Department of Science and Technology (DST), Ministry of Science and Technology,
Govt. of India

Institute of Repute (IoR) under the National Clean Air Mission, the Ministry of Environment,
Forest and Climate Change (MoEF-CC); and Central Pollution Control Board (CPCB)

Indian Aerosol Science and Technology Association (IASTA)
Indian Physics Association (IPA)

Asia Oceania Geosciences Society (AOGS)

American Geosciences Union (AGU)

European Geosciences Union (EGU)

Japan Geosciences Union (JpGU).

Dr. Wriddhiman Ghosh

1. Paper Aerobic microbial communities in the sediments of a marine oxygen minimum zone
(DOI: 10.1093/femsle/fnaal57) was declared Editor’s Choice article and promoted by
Federation of European Microbiological Societies through its Twitter (https://twitter.com/
FEMSmicro/status/1336985475043766285) and facebook (https://www.facebook.com/
permalink.php?story fbid=10157877260606404&id=287956361403) channels.

N

N AW
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2. Paper Trends of mutation accumulation across global SARS-CoV-2 genomes: Implications
for the evolution of the novel coronavirus (DOI: 10.1016/j.ygen0.2020.11.003) featured in
FluTrackers (https://flutrackers.com/forum/forum/welcome-to-the-scientific-library/
genetics-aa/898440-genomics-trends-of-mutation-accumulation-across-global-sars-cov-2-
genomes-implications-for-the-evolution-of-the-novel-coronavirus#post898440) and
IndiaBioscience (https://indiabioscience.org/news/2021/study-finds-patterns-in-mutations-
of-sars-cov-2).

Prof. Achintya Singha

1. Member of the Board of Studies (UG), Department of Physics, Midnapore College, till
February 15, 2020.

2. Member of Conference organizing committee: 3rd Annual Conference of Quantum
Condensed Matter (Q-MAT : 2020).
Dr. Saikat Biswas

1. Appointed as one of the judges for selecting the three best posters in the DAE-HEP
symposium organized by NISER, Jatni during December 14 — 18, 2020.

2. Sayak Chatterjee was selected for the Highlight talk on “Physics performance studies with
MuCh setup” in the 37th CBM Collaboration Meeting (online), March 1-5, 2021. Sayak is
the only selected student from India.

Dr. Sidharth Kumar Prasad

1. 1 am appointed as the Physics Coordinator of the ALICE-STAR India Collaboration to
coordinate all Physics activities of the Collaboration in tune with the ALICE Physics
activities.

2. Served as a committee member for the election of Spokesperson and Chair of ALICE
India Collaboration.

3. Served as one of the Internal Review Committee (IRC) membersby the ALICE
Collaboration to review an ALICE paper.

4. Served as one of the Analysis Review Committee (ARC) membersby the ALICE
Collaboration to review two ALICE analysis notes.

5. Served as one of the judges for selecting the three best posters in the DAE-HEP
symposium 2020.

6. Mr. Abhi Modak received one of the three best posters award out of 66 posters in the
Relativistic Heavy lon Physics and QCD group of the DAE-HEP symposium 2020.
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Plant Biolog

Prof. Gaurab Gangopadhyay

1. Invited to participate at the virtual MoU signing event of the Department of Science and
Technology and Biotechnology (DSTBT), Govt. of WB with the 1IM, Joka to set up the
Technology Development and Adaptation Centre (TDAC) on October 05, 2020.

2. Nominated (by the Director, Bl) to present on behalf of the Bose Institute in an online meet
on the prospect of student fellowship, summer training, research areas etc. organized by the
DST, Govt. of Rajasthan on November 19, 2020.

3. Acted as the external examiner of the online Ph.D. viva-voce examination of Ms Umme
Salma, Department of Agricultural Biotechnology; Faculty of Agriculture BCKV on August
18, 2020.

4. Acted as the external examiner of the online Ph.D. viva-voce examination of Ms Jeeta
Sarkar, Department of Botany Visva-Bharati University on October 14, 2020.

5. Acted as the external examiner of the online (Google Meet platform) Ph.D. viva-voce
examination of Ms Monimala Mondal, Department of Botany University of Calcutta on
November 11, 2020.

6. Acted as the External Member of the Departmental Research Committee in Botany,
University of Kalyani on February 04, 2021.
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30-Jun-20

Principal
Investigator

Prof. Anirban
Bhunia

Title of the Projects

CSIR - "Structural insight and
Dynamical properties of Alpha
synuclein fibrillation in the
context of Mitochondrial
membrane or Biological
membrances : Pathological role
in synaptic transmission
Aggregation property and
cellular toxicity"

Grant
Sanctioned

24,43,800

10-Jul-17

31-Jul-20

Prof. Subrata
Majumdar

CSIR- "Crucial role of
transcription factor-EB(TFEB)
in regulating differential antigen
presentation and cross
presentation during Leishmania
donovani infection"

25,93,800

01-Aug-17

31-Jul-20

Prof. Samir
Ranjan Sikdar

CSIR - "Proteome analysis
during Lipaphis erysimi -
Rorippa indica incompatible
interaction to identify putative
proteins responsible for aphid
tolerance and their interacting
partners"

15,00,000

25-Jul-17

31-Jul-20

Prof. Swati
Gupta
Bhattacharyya

CSIR - "Deciphering the in-
planta secretome of Rhizoctonia
solani AG1-1A during infection
of rice"

28,93,800

19-Jan-17

18-Jul-20

Prof. Tapan K.
Dutta

DBT - "Hydrogenogenic carbon
monoxide conversion under
mesophilic condition using
anaerobic granular sludge
biomass for biodesulphurization

25,74,000

09-Jan-17

08-Jan-21

DIRECTOR,
BOSE
INSTITUTE

DBT - "Multi-dimensional
Reserch to Enable Systems
Medicine: Acceleration using a
Cluster Approach' at Kalyani,
West Bengal"

14,05,32,000

13-Jul-17

12-Jul-20

Prof.
Manikuntala
Kundu

DBT - "Transcriptional
regulator RegX3-dependent
modulation of the macrophage
immune response by
Mycobacterium tuberculosis"

61,84,000

30-Jan-18

29-Jul-21

Prof. Mahadeb
Pal

DBT - "Understand molecular
mechanism of action of a
protein chaperone inducer
azadiradione and its therapeutic
development for Parkinson's
disease treatment"

36,02,000
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Commencement  Termination Investigator Sanctioned
9 16-Jul-18 15-Jul-21 Prof. Pallob DBT - "Developing an 78,06,800
Kundu optimized toolkit for induicible
genome editing and regulation
of gene expression in tomato
plant: implicaitons in adjusting
complex traits via synthetic
biology approach"
10 24-Sep-18 23-Sep-21 Prof. DBT - "Development of 79,29,800
Gaurisankar Sa | delivery system for miR-325-3p
for immunotherapy of cancer"
11 23-Mar-18 22-Mar-21 Prof. Siddhartha | DBT - "Solid tumor targeting 46,84,800
Roy using homing peptides and
plasmonic photothermal
technique"
12 02-Sep-15 19-Aug-20 Prof. A. N. DBT - "Unraveling the role of 1,26,87,600
Lahiri PLC in plant drought and heat
Majumder stress tolerance: Exploring the
potential of PI metabolism to
improve crop yield"
13 31-Aug-16 30-Aug-20 Prof. Amita Pal | DBT-WB - "Genome wide 30,47,320
transcriptome analysis to
develop strategies for quality
improvement of blackgram"
14 15-May-18 14-May-21 Prof. Gaurab DBT-WB - "Development of 19,99,645
Gangopadhyay | Transgenic Pineapple Over-
expressing ACSERK to Combat
Fungal Pathogens"
15 02-Jul-18 01-Jul-21 Prof. Shubho DBT-WB - "Investigating the 43,31,840
Chaudhuri role of Trithorax factor
ULTRAPETALAL in salt stress
response in rice"
16 28-Aug-18 27-Aug-21 Prof. Gautam | DBT-WB - "The significance of 30,30,000
Basu feedback loop between ZEB1
and PRMT in Fbroblast growth
factore (FGF)-mediated
epithelial-mesenchymal
transition in Breast Cancer"
17 10-Jul-14 30-Sep-20 Prof. Sibaji DST - "ALICE - A Large lon 6,05,00,000
Raha Collider Experiment (ALICE)

upgrade, operation and
utilization"
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Date of
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Principal
Investigator

Prof. Sanjay

K. Ghosh

Title of the Projects

DST - "Development of a cost

effective and portable electro-
optical system for effective
investigation of residual ambient
gases using spark emission
spectrometry towards the
estimation of atmospheric gases
compostiton w.r.t. height using
high flying drones"

Grant
Sanctioned

24,37,600

19

22-Mar-18

21-Mar-21

Dr. Abhijit
Chatterjee

DST - "Understanding the Role of
Local and Transported Biogenic
and Anthropogenic Aerosols on
Microphysical and Chemical
Properites of Low Level Clouds
Over Eastern Himalaya, India"

74,08,800

20

26-Feb-18

25-Feb-21

Prof. Tapan K.

Dutta

DST - "The development and
implementation of sensors and
treatment technologies for
freshwater systems in India"

3,42,27,700

21

01-Aug-16

31-Jul-22

Prof. Sanjay
K. Ghosh

IFCC - "CBM MUCH"

28,80,40,000

22

13-Sep-18

12-Sep-21

Dr. Abhijit
Chatterjee

MOES - "Study on Biosphere-
Atmosphere Exchange of
Carbon Dioxide, Water Vapour
and Energy in a

High Altitude Forest Canopy at
Eastern

Himalaya"

25,08,000

23

29-Mar-17

28-Jun-22

Dr. Abhijit
Chatterjee

MoEFCC - "National
Carbonaceous Aerosols
Programme (NCAP) WGIII:
Carbonaceous Aerosols
Emmissions, Source appointment
and Climate effects"

1,06,08,000

24

10-Mar-17

09-Sep-20

Dr. Zhumur
Ghosh

SERB - "Elucidating the GWAS-
Associated Genetic Variants
within IncRNA candidate loci:
Role in Cancer"

45,18,800/-

25

16-Mar-18

15-Mar-21

Dr. Anupama
Ghosh

SERB - "Evaluation of secreted
proteases of Ustilago maydis as
potential effector proteins"

25,53,394

26

24-Jul-18

23-Jul-21

Prof. Shubho
Chaudhuri

SERB - "Investigating the role of
Arabidopsis ARID-HMG protein,
AtHMGBJ1S5, in the pollen
development process"

46,29,744
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27 09-Aug-18 08-Aug-21 Dr. Zhumur SERB Women Excellence Award 18,00,000
Ghosh to Dr. Zhumur Ghosh, BIC
"LncRNA target connectivity to
Small Molecules: Implication in
Cancer Therapy"
28 15-Sep-18 14-Sep-21 Prof. Achintya | SERB - "Fabrication of Infreared 50,33,714
Singha Photo-detector based on 2D
systems and Tuning the Detection
Windows by coupling with
Nanostructures"
29 11-Oct-18 10-Oct-21 Prof. Jayanta SERB - "Evaluating the role and 30,69,000
Mukhopadhyay | mechanism of function of delta
factor of Bacillus subtilis"
30 26-Mar-19 25-Mar-22 Dr. Abhrajyoti | SERB - "Response of B. 38,68,803
Ghosh aryabhattai AB211 to maize root
exudates: insights from
transcriptome analysis"
31 03-May-07 02-May-22 Prof. Pinakpani | Award of J.C. Bose Fellowship to | 40,00,000
Chakrabarti Prof. Pinakpani Chakrabarti
32 26-Mar-07 31-Mar-22 Prof. Siddhartha | Award of J.C. Bose Fellowship to 9000000
Roy Prof. Siddhartha Roy (FOR
LAST
5YEARS)
33 01-Apr-17 31-Mar-22 Prof. Joyoti Basu | Award of J.C. Bose Fellowship to | 54,00,000
Prof. Joyoti Basu
34 05-Mar-18 04-Mar-21 Prof. Tanya Das | SERB - "Role of Cancer Stem 48,76,800
Cells in Tumor Neo-Angiogenesis
: A mechanistic study"
35 21-Mar-18 20-Mar-21 Prof. Sujoy K. | SERB - "Phage inspired 38,96,800
Das Gupta antibiotics for mycobacteria™
36 15-Mar-18 14-Mar-21 Prof. Parames C. | SERB - "Nanoparticle-mediated 28,66,800
Sil co-delivery of chemotherapeutic
drugs and genes for synergistic
cancer treatment"
37 01-Aug-19 31-Jul-22 Prof. Gaurisankar | CSIR - "Developmental and 21,00,000
Sa functional aspects of newly
identified CD8+ T-regulatory
cells in tumor microenvironment"
38 20-Dec-18 19-Dec-21 Prof. Gaurisankar | DBT - "Investigation of the 80,00,000
Sa Transcriptional Regulation of
miR-325 and Evaluating its
Potential as a Therapeutic Agent
for Cancer"
39 01-Aug-19 31-Jul-20 Prof. Gaurisankar | CCRH - "Role of Silica in Cancer | 11,59,830
Sa regression : A mechanistic study"
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Date of
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05-Dec-18
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ON GOING PROJECTS

Date of
Termination

04-Dec-21

Principal
Investigator

Prof. Anirban

Bhunia

Title of the Projects

SERB - "Intracellular Dyamics of

Small Molecules During Novel
AMP-mediated Resilience in
Planta: A Multidisciplinary
Approach"

Sanctioned

30,70,000

41

06-Jul-19

05-Jul-22

Prof. Pallob
Kundu

SERB - "Convergent miRNA
actions in coordination of stress-
response to Alternaria solani
infection in tomato lines"

52,30,828

42

07-May-19

06-May-22

Prof. Srimonti
Sarkar

SERB - "Characterization of the
cellular roles of the proteasome
and its deubiquitinase GIRpn11 of
the differently-diverged eukaryote
Giardia lamblia"

42,33,000

43

01-Sep-19

31-Aug-22

Dr. Sanat Kr.
Das

CSIR - "Physico-chemical factors
influencing Aerosol Hygro-
scopicity during fog, its effect on
Aerosol Radiative Properties and
fog nowcasting: a study in the
context of Regional Climate
Change over Eastern India"

30,52,000

44

26-Aug-19

31-Aug-22

Dr. Anupama
Ghosh

CSIR- "Deciphering the
involvement of programmed cell
death in the pathogenic
development of Ustilago maydis"

19,60,000

45

24-Jun-19

23-Jun-23

Prof.
Siddhartha
Roy

Indo-Swiss - "Next generation
advanced therapies for fight 3-
hemoglobinopathies via rational
intervention in Y-globin
regulatory network"

1,16,21,600

46

08-Aug-19

07-Aug-21

Dr. Sudipto
Saha

ICMR - "Development of
knowledge base on pulmonary
diseases for estimating the
prevalece and etiology : a pilot
study in eastern India"

1,66,000

47

09-Oct-19

08-Oct-22

Prof. Anirban
Bhunia

DBT - "Tailor Made
Peptidomimetics Designing
Against Human Islet Amyloid
Polypeptide (hIAPP)
Aggregation: A Therapeutic
Approach Associated With Type-
2 Diabetes"

66,74,500

48

30-Sep-19

29-Sep-22

Prof.
Debabrata
Basu

DBT - "Understanding the
mechanisms of resistance to
sucking pest, Helopeltis theivora
and development of microbe --
based bioformulation against
major tea pests"

39,00,396




Date of
Commencement

26-Aug-19

BOSE INSTITUTE ANNUAL REPORT 2020-2021

ON GOING PROJECTS

Date of
Termination

31-Aug-22

Principal
Investigator

Dr. Abhrajyoti
Ghosh

Title of the Projects

CSIR - "Decipherig the cross-talk
between rhizosphere microbiome
and the plant: insights from tea
rhizosphere microbiome,
metabolome and culture
dependent analyses"

Grant
Sanctioned

20,00,000

50 28-Aug-19 27-Aug-22 Prof. Kaushik | ICMR - "Understand the 25,30,000
Biswas epigenetic regulation of GM2-
synthase gene in cancer"
51 04-Dec-18 03-Dec-21 Prof. Mahadeb | SERB - "Understand regulation of | 30,65,148
Pal heat shock factor 1 activities in
human cells"
52 29-Jan-20 28-Jan-23 Prof. Anup SERB - "Synthesis of the 26,02,800
Kumar Misra | polysaccharide fragments of
opportunistic human pathogens
Providencia strains and their
glycoconjugate derivatives"
53 12-Jan-21 11-Jan-24 Dr. Abhrajyoti | CSIR - "Diversity and 23,50,000
Ghosh Distribution of Antibiotic
Resistance Genes in the
Sundarban mangrove estuary :
coordination of anthropogenic and
evolutionary influences"
54 18-Dec-20 17-Dec-25 Dr. Smarajit | SERB - "Setting up a State-of- 28,60,33,520
Polley the-Art CryoEM Regional/
Prof. Atin K. | National Facility in Eastern
Mandal Region at Bose Institute:
Prof. Jayanta | Transforming the Structure-guided
Mukhopadhyay | Drug Discovery and Therapeutics
Research Landscape in India"
55 17-Mar-21 16-Mar-24 Prof. Atin DBT-WB - "Characterizing the 21,40,000
Kumar interaction between
Mandal Phosphodiesterase 8 (PDE8A)
and 14-3-3 with CRAF: Gaining
insights into CRAF regulation"
56 30-Mar-21 29-Mar-24 Prof. Pallob | DST - "Improvement and broad- 14,01,59,760
Kundu scale implementation of different
biotechnology-oriented
programmes for the socio-economic
upliftment of Scheduled Tribe
community of West Bengal"
57 01-Feb-2016 31-Jan-22 Dr. Smarajit | Wellcome Trust DBT India 3,59,32,160
Polley Alliance Intermediate Fellowship -

Understanding the Biochemical and
Structural Basis of Signaling
Modularity of Kinases in Their
Biological Context




PARTICIPATION IN CONFERENCES / SYMPOSIA / WORKSHOPS /
INVITED TALKS DELIVERED AND TRAVEL GRANT

Prof. Srimonti Sarkar

1. Delivered an invited lecture in the Human Resource Development Group of Calcutta
University

2. Delivered an invited lecture in the Human Resource Development Group of North Bengal
University.

Dr. Abhrajyoti Ghosh

1. Delivered an invited lecture entitled "A need for two wings: Basic and Applied Research™ in
the "Faculty development program: An approach towards the development of human
resources in Life and Allied Sciences"held at Neotia University, West Bengal, India
during March 22 — 27, 2021.

Prof. Shubhhra Ghosh Dastidar

1. Invited talk at the webinar organized by in DNA Life Sciences as a part of the celebration of
World DNA day on April 2020.

2. Invited talk at the Webinar organized by University of Kalyani, West Bengal on June 11,
2020.

3. Invited talk at the Webinar organized by Asustosh College and Moulana Azad college of
University of Calcutta during August 2020.

4. Invited talk at the Webinar organized by Barasat College under West Bengal state university
on September 8, 2020

5. Invited talk at the webinar on the theme “From Biology to Omics” organized by ACTREC,
Mumbai, during March 10-12, 2021.

6. Delivered Keynote at the workshop organized by JIS institute of Advanced studies and
research, Kolkata, May 24, 2021.

Dr. Zhumur Ghosh

1. Delivered an invited talk entitled “Long noncoding RNAs: Versatile molecules guiding
mammalian development” at the meeting- IBRO-APRC Associate School on “Regulatory RNAs
And The Brain: Development To Disease” from January 20 to 25, 2021 organised by IGIB, Delhi.

2. Participated and organized a series of BIC webinars from September 2020 onwards where
speakers from India and abroad were invited to deliver talk on different topics.

Dr. Sudipto Saha

1. Delivered an invited lecture entitled "Systems and Synthetic biology' in the online AICTE-
ATAL (FDP) programme on “Synthetic Biology” conducted by Madurai University on
December 03, 2020.



BOSE INSTITUTE ANNUAL REPORT 2020-2021

PARTICIPATION IN CONFERENCES / SYMPOSIA / WORKSHOPS /
INVITED TALKS DELIVERED AND TRAVEL GRANT

Prof. Anirban Bhunia

1. Delivered lecture in the NMRS webinar, Organized by Nuclear Magnetic Resonance Society
of India.

2. Delivered Invited in the NMR and Spectroscopy of Biological Macromolecules, organized
by I1Sc Bangalore

Delivered lecture at Translational Biomedical Research Society, Lucknow

Delivered lecture at Guru Nanak Institute of Pharmaceutical Sciences and Technology,
Kolkata

Dr. Smarajit Polley

1. Delivered Invited lecture in the webinar on COVID 19 PANDEMIC :A PARADIGM SHIFT
TOWARDS NEW NORMAL LIFE, organized by the Department of Chemistry, Bankura
Sonamukhi College, WB on June 27, 2020.

2. Delivered Invited lecture in the webinar on Recent Developments in COVID19, organized by
the Department of Microbiology, Ramakrishna Mission Vidyamandira, Belur Math, WB
Research on July 25, 2020.

3. Participated as invited Panellist at the Science and Research Opportunities in India (Sci-ROI)
annual event 2020, to discuss on the New Faculty Perspective for an audience of Indian
postdoctoral fellows abroad who aim to return to India, held on Sep 12, 2020

Environment Sciences

Dr. Abhijit Chatterjee

1. Delivered oral presentation on “Dominance of Biogenic Emissions in Aerosol-CCN
Activation under Limited Anthropogenic Emissions over Eastern Himalaya, India”, at Three-
day online international conference on Aerosol Air Quality, Climate Change and Impact on
Water Resources and Livelihoods in the Greater Himalayas, ARIES, Nainital from 14-16
September 2020.

2. Delivered oral presentation and hosted the international workshop on “Quality Assurance
Plan for Monitoring using Air Quality Sensors” organized by Wisconsin-Madison University
and Duke University on March 30, 2021.

3. Delivered invited lecture for Ph.D students registered in Environmental Science, University
of Calcutta as a resource person on March 05, 2021.

4. Delivered invited lecture for Refresher Course in Environmental studies organized by UGC-
HRDC and University of Calcutta on March 19, 2021.
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Dr. Sanat Kumar Das

1. Delivered an invited talk on "Atmospheric Aerosols: Are they really so important for the
world?" as a delegate speaker in the one week national level Faculty Development Program
"Recent Advancements In Physics" (RAIP) 2020, organized by the Department of Applied
Science (Physics), RCC Institute of Information Technology, Kolkata, W. B, India during
September 4-8, 2020.

N

Participated at The American Geophysical Union (AGU) Fall Meeting 2020 at New Orleans,
LA and Online Everywhere during December 13-17, 2020.

Prof. Sujoy Kumar Das Gupta

1. Delivered two lectures on the topics ‘DNA the beautiful molecule of life” and ‘The evolving
story of CRISPR cas’ as a part of the Online Multidisciplinary Refresher Course in Life
Science: Synthetic Biology, during December 14-28, 2020 organized by Pandit Ravishankar
Shukla University (PRSU), Raipur, Chhattisgarh.

Delivered invited lecture on the topic “Reconnecting with our viral ancestors” at a one day
symposium organized by the Department of Biotechnology and Bioinformatics, North-
Eastern Hill University,Shillong on March 25, 2021.

Molecular Medicine

Prof. Kaushik Biswas

n

1. Delivered invited lecture on *“Understanding Carcinogenesis : Multidirectional Role of
Gangliosides in Tumor Growth, Progression and Metastasis”, at the national seminar as part
of the curtain raiser event of the “India International Science Festival”, organized by the
Department of Science and Technology (DST) on Nov 27, 2020.

Prof. Dhruba Gupta

1. Delivered a lecture on “High-lying resonances in the ‘Be + d reaction” at the ISOLDE
Workshop and Users Meeting 2020;attended ISOLDE - EPIC 2020 Workshop at CERN,
Geneva, Switzerland, November 24-27, 2020, Zoom Meeting

2. Attended XM Tastes of Nuclear Physics, University of the Western Cape, S Africa,
November 30 -December 4, 2020, Zoom Meeting
3. Attended NUPECC Mini-Workshop: Nuclear Science in Finland, October 15, 2020, Zoom

Meeting.
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Prof. Achintya Singha

1. Online Science Workshop for Underprivileged School Children of West Bengal “Vigyan
Parikrama 11 -2021”, February 28, 2021.

2. Delivered invited talk at International Webinar on Advancements in Condensed Matter
Physics (ACMP-2020) organized by Department of Physics, Assam University, Silchar,
India during August 7-8, 2020.

3. Delivered invited talk at Webinar organized by Department of Physics, Jadavpur University,
Kolkata, India on August 27, 2020.

4. Season Chaired in 3rd Annual Conference of Quantum Condensed Matter (Q-MAT : 2020).

Prof. Supriya Das
1. Delivered lecture on “Event Generators: an overview” at ALICE-India School (online)
during Nov 19-20, 2020.

2. Delivered INO webinar on “Matter at extreme density: Core of neutron stars” on June 6,
2020.

Dr. Saikat Biswas

1. Delivered INO online lecture series for general audience, with Q&A session, entitled
“Detectors for High Energy Physics” on April 29, 2020.

2. Participated and delivered lecture entitled “Particle Identification in High Energy Physics’ at
ALICE-India school, (Online), IIT Indore on November 12, 2020.

3. Attended 37" CBM Collaboration Meeting (online) during March 1-5, 2021.

Group Member:

Sayak Chatterjee (on behalf of CBM collaboration) presented talk on “Feasibility studies of J/{
measurement with CBM detector setup at FAIR SIS100 energies” in XXIV DAE-BRNS
Symposium on High Energy Physics during December 14-18, 2020, NISER, Jatni.

Dr. Sidharth Kumar Prasad

1. Invited talk on “Exploring the Early Universe Matter (QGP) via Heavy-lon Experiments” in
the 18th Refresher Courses in Physical Sciences and Nano Sciences, UGC-HRDC, JNU, New
Delhi.

2. Organized “ALICE India Collaboration Meeting July 2020 during July 27 — 30, 2020 at
VECC, Kolkata.
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3. Organized “ALICE-STAR-India Collaboration Meeting” during March 09 — 12, 2021 at
NISER, Jatni.

4. Organized following webinars on behalf of ALICE-STAR-India Collaboration:

a. September 28, 2020; Speaker: Prof. D. K. Srivastva, Homi Bhabha Chair Professor,
National Institute of Advanced Studies, Bengaluru (India).

b. November 03, 2020; Speaker: Prof. Abhijit Majumder, Wayne State University, Detroit,
Michigan (USA).

c. December 08, 2020; Speaker: Prof. Raju Venugopalan, BNL (USA).

d. February 19, 2021; Speaker: prof. Peter Braun-Munzinger, Scientific Director, EMMI, GSI
(Germany).

e. March 18, 2021; Speaker: Prof. Zhangbu Xu, Senior Scientist, BNL (USA).
Group Member:

1. Mr. Abhi Modak delivered a talk on “Charged- and neutral-particle production in proton-lead
collisions at 5.02 and 8.16 TeV with ALICE ” in 1S2021 on 13 January, 2021.

2. Ms. Debjani Banerjee delivered a bullet talk on “Multiplicity dependence of charged jet
properties in pp collisions at 13 TeV with ALICE” in 1S2021 on 13 January, 2021.

3. Mr. Prottoy Das presented a poster on “Multiplicity and transverse spherocity dependent
study of inclusive charged jet propertiesin pp collisions using PYTHIA” in XXIV DAE-
BRNS HEP SYMPOSIUM on 14 - 18 December, 2020.

4. Mr. Abhi Modak presented a poster on “Measurement of inclusive photon multiplicity at
forward rapidity in p-Pb collisions at Vsyy = 5.02 TeV with ALICE” in XXIV DAE-BRNS
HEP SYMPOSIUM on 14 — 18 December, 2020.

5. Ms. Debjani Banerjee presented a poster on “Jet shape modifications in JEWEL” in XXIV
DAE-BRNS HEP SYMPOSIUM on 14 — 18 December, 2020.

Plant Biolog

Prof. Gaurab Gangopadhyay

1. Invited to deliver an online lecture in the “Virtual journey through botanical world”
organized by the Department of Botany, THK Jain College, Kolkata on August 15, 2020.

2. Invited to deliver an online lecture in the lecture series on Life Sciences organized by the
Department of Botany, Government General Degree College, Singur, Hooghly, WB on
August 16, 2020.
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3. Invited for a talk in the orientation program of the 1st year B. Tech students of Techno India
University, West Bengal on November 06, 2020.

4. Participated in the ICAR’s Webinar on ‘Genomics Strategies for Improvement of Abiotic
Stress Tolerance in Crop Plants' on November 27, 2020.

5. Invited to deliver an online lecture for commemorating 162" Birth Anniversary of Sir J C
Bose organized by the Department of Botany, Brahmananda Keshab Chandra College;
Kolkata on November 30, 2020.

6. Invited to deliver an online lecture in the webinar on "Biodiversity Conservation and Forest
Genetic Resource Management", organized by the Genetics and Tree Improvement Division,
Institute of Forest Productivity at Ranchi on February 05, 2021.

7. Invited to participate in the webinar entitled ‘The awareness session on Technology
Commercialization’, organized by WBSCST in association with 1IM Kolkata Innovation
Park (IMCIP) on February 06, 2021.

Oral presentation by the Group Member:

Debabrata Dutta presented a paper entitled “Transcriptome analysis of three sesame genotypes
reveals differentially expressed genes in response to Macrophomina phaseolina infection” by D.
Datta, V. Awon and G. Gangopadhyay at the National Virtual Conference on Genomics to
Phenomics: A New Horizon in Plant Science Research on March 01, 2021 (Organized by
Department of Botany, University of Calcutta).

Group Members of Prof. Pallob Kundu :

1. Shrabani Basak : Delivered an oral presentation on ‘Tomato Metacaspases MC1 and MC5
Are Mediators of Cell Death During Development and Disease’ in the American Society for
Plant Biology (ASPB) annual meeting 2020, and received the ASPB 2020 travel grant during
July 27-31, 2020.

2. Shrabani Basak : Presented a paper on ‘Death and defense - Dynamic regulation during
stress and functional analyses of tomato metacaspases’ and awarded the “Best Oral
Presentation” in 7th International Conference - Phytopathology in Achieving UN
Sustainable Development Goals organized by ICAR-1ARI, New Delhi, India during January
16-20, 2020.

3. Shreya Chowdhury : Presented a paper on “miR398: An integrator of biotic and abiotic
stress signalling in tomato” and awarded the "Best Oral Presentation™ in 7th International
Conference - Phytopathology in Achieving UN Sustainable Development Goals,
IPSCONF2020, organized by ICAR-1ARI, New Delhi, India during January 16-20, 2020.



BOSE INSTITUTE ANNUAL REPORT 2020-2021

PARTICIPATION IN CONFERENCES / SYMPOSIA / WORKSHOPS /
INVITED TALKS DELIVERED AND TRAVEL GRANT

4. Ananya Mukherjee : Presented a paper on “Optimization of different promoters for spatio-
temporal regulation of transgene expression in tomato” and awarded the "Best Oral
Presentation™ in 7th International Conference - Phytopathology in Achieving UN Sustainable
Development Goals, IPSCONF2020, organized by ICAR-1ARI, New Delhi, India during
January 16-20, 2020.

Dr. Arun Kumar Chakraborty

1. In a One Day State Level Webinar on “Bangla Sahityer Pathikrit O Grantha Premik Yuga
Purush Raja Ram Mohan Ray er Chinta Chetonai Nari Samaj” in collaboration with
Medinipur Anchalik Unit, Medinipur Samanway Sanstha on 28 June, 2021. Organized by the
Central Library, K.D. College of Commerce & General Studies.

2. On "Re-building Indian Public Library Services after Covid-19: Role of RRRLF " on
01.06.2021.

3. Acted as one of the Resource Persons for IASLIC Program IBRM-LIS on "Image Building
and Reputation Management of Library and Information Systems and Services (IBRM-
LISaS)" conducted by IASLIC in online mode from May 15-24, 2021.

4. Invited to an International Conference on Revisiting the Legacy of Netaji Subhas in 21st
century on 23rd Jan, 2021, organized by National Library, Kolkata, Ministry of Culture in
association with Netaji Subhas Bose-INA Trust, New Delhi &The Institute of Social &
Cultural Studies, India.

5. Delivered lecture in a Refresher Course (RC) in LIS at Gauhati University on Innovative
Library Services during COVID 19 Pandemic." on 29.12.2020.

6. Delivered a lecture through WEBINAR: organized Jointly - DLIS, the University of Calcutta
in collaboration with Kent State University, USA on 08.12.2020.

7. Guest Speakers for the webinar on " Rastriya Sikshniti aur Aaj ki Samay " organized by the
"Bharatiya Samskriti Samsad", Kolkata on 10.10.2020.

8. Invited as one of the resource persons in the UGC sponsored Online Refresher Course in LIS
planned by UGC-HRDC, Gujarat University, Ahmedabad.

9. Acted as Guest Speaker for the Webinar of the Central Library, Brainware University,
Kolkata: on "Digital Rights Management: Slant to University Libraries" on 07.09.2020.

10. Delivered lecture in the 34th Training Programme on Science Communication and Media
Practice -- Web lecture-7 on the topic "Digital Rights Management™ on 29 September, 2020
by INSA.

11. Acted as one of the panelists in the BLA Webinar on the topic "Relevance of Books in the
Age of Internet” Organized by: BLA & iLEAD Library on 29.08.2020.
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One of the panelists in the National Webinar on the topic "Virtual Library Services During
COVID-19 Challenges & ways" organized by Info-Lib Academia and Sarsuna College,
Behala on 01 September, 2020.

Coordinated the Virtual mode "Librarians' Day program™ 12.08.2020 jointly organized by
IASLIC, BLA, and WBPLEA.

Delivered the lecture to MLISC students of Dept. of Library & Information Science, Central
University, Haryana on 13 July, 2020.

Delivered lecture as one of the Resource Persons of the State Level Webinar on
"Reorientation of Information Literacy in the Library and Information Centres" on
08.07.2020 organized by "Sudhirranjan Lahiri Mahavidyalaya, Majdia, Nadia - 741507"

Online Roundtable on “Various policy decisions and some issues and challenges to be
confronted by the Library Department, NSOU in post-COVID-19 situations on July 4, 2020.

Delivered lecture in the seminar- Intellectual Property Rights in Higher Education organized
by Basirhat College on 29.06.2020.

Acted as one of the Panelist for the Webinar-2020 of BLA in collaboration with Patuakhali
Science &Technology University (PSTU), Barishal, Bangladesh - topic: "Library Services
During Pandemic (in Bengali)" on 28 June, 2020

Delivered lecture as one of the Resource Personnel in the Maharashtra University and College
Librarian's Association” (MUCLA) (a premier Association in Maharashtra working for the
betterment of National issues on Libraries) WEBINAR on Sunday 14-06-2020 on *“Changing
Paradigms of Academic Librarianship.

Acted as One of the Panelist on Post Covid-19 Library Management on 04-06-2020 through
Webinar.

Acted as One of the Panelist on "Maintaining Social Distance -- Issues and challenges
organized by BLA through Webinar on 19-05-2020.

Delivered a lecture in BLA organized Webinar on 09-05-2020 and 12-05-2020 on Plagiarism.
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DEPARTMENT OF BIOCHEMISTRY

OVERVIEW

Since its inception in 1974, research at the Department of Biochemistry has focused on
understanding the properties of various biological macromolecules and their interactions with
other cellular components. The department's mission has been aimed at finding scientific
solutions to various national needs and also to educate and train the next generation of
researchers. Our scientists are studying how organisms respond to various kinds of stress, how
macromolecular complexes gain specificity, how the biology of pathogenic microbes differs
from that of the host, how to contain microbial virulence, and how to alleviate processes
contributing to neurodegenerative diseases. Our administrative and technical support staff are a
vital part of our research ecosystem. Students who join this department can look forward to a
vibrant and supportive research environment. We are proud of our alumni, many of whom have
achieved greatness in their chosen research fields.
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DEPARTMENT OF BIOCHEMISTRY

LIST OF PERSONNEL

Faculty Members: Prof. Pinakpani Chakrabarti (J.C. Bose Fellow), Prof. Subrata Sau, Prof.
Srimonti Sarkar (Chairperson), Prof. Ajit Bikram Datta, Dr. Abhrajyoti Ghosh.

Research Scientist : Dr. Tanaya Chatterjee, DST-(WOS-A).

Students : JRF/SRF : Avishikta Chatterjee, Pritha Mondal, Trisha Ghosh, Debasmita Sinha,
Sangita Mondal, Anurupa Sett, Manish Sarkar, Ankita Das, Soham Seal, Mousam Roy, Sayantan
Mukherjee, Sayandeep Gupta, Tushar Chakraborty, Kaustav Bhakta, Arghya Bhowmick,
Nabanita Patra. RA : Dr. Triparna Mukherjee, Dr. Swapan Kr. Jana, Project Assistant (J.C.
Bose Fellowship of Prof. Pinakpani Chakrabarti) : Jesmita Dhar, Supriyo Bera.

Staff Members: Subhash Chakraborty (Retired on 30.06.2020), Asim Kumar Poddar (Retired on
30.08.2020), Rama Chatterjee, Dipak Ch. Konar (from 18.09.2020), Debarati Kanjilal
(Transferred 08.01.2021), Atanu Pramanik, Kissun Turi.



PROF. SUBRATA SAU

Professor

Group Members:
Soham Seal, SRF

Tushar Chakraborty, JRF
Debasmita Sinha, JRF
Debabrata Sinha, PA

Scientific Report
Background and Vision:

Staphylococcus aureus, a Gram-positive bacterium, causes various human diseases using many
virulence factors and virulence regulators. Currently, staphylococcal infections become nearly
untreatable primarily due to the lack of proper vaccine and the appearance of antibiotic-resistant
S. aureus strains. Such pathogen may be easily removed using some anti-virulence agent. S.
aureus will hardly develop any resistance to the anti-virulence agent as the virulence
determinants are not required for growth. Thus far, only a few anti-virulence agents have been
identified but their effectiveness is yet to be understood clearly. So, attempts of discovering
additional anti-virulence agents should be kept on. The structure, function, folding mechanism,
and stability of the virulence determinants have been very little studied though it may expedite
the discovery of new anti-virulence agents. Under the above perspective, we are investigating the
structure, function, stability of some S. aureus-specific virulence determinants such as ¢°, Cyp,
and CapF. While the alternative sigma factor ¢® is involved both in stress-management and
pathogenesis, the capsule-synthesizing enzyme CapF and cyclophilin Cyp act as the virulence
factors. In addition, we have also been studying an anti-c® factor RsbwW and RsbV,an RsbwW
antagonist. Both RsbV and ¢® interact with RsbW under opposite environmental conditions.
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PROF. SUBRATA SAU

SCIENTIFIC REPORT Professor

Summary of Research Work:

To better understand the mechanism of interaction between RsbW and RsbV/a® or ® domains
(6®2, 6™, and ¢®*), we performed various studies. Our data indicated that three 6® domains (%7,
02, and 6®%), unlike ra®, do not bind to a cognate DNA in the presence of an RNA polymerase.
Conversely, both 62 and 6, like ro®, bound to RsbW, and the order of their RsbwW binding
affinity waso®>0%*>0%2. RsbV also showed binding to RsbW and was phosphorylated by the
latter in the presence of ATP. Additionally, the reaction between RsbW and RsbV or
0®/6®released heat and followed freely. The stoichiometry of interaction between RsbW and o®°
or RsbW and rRsbV was observed 2:1 or 2:2. Structural models, developed for the RsbW- 6%%and
RsbW-RsbV complexes, indicated that the dimerization region at the N-terminal end of RsbW
interacts with a 6 molecule, whereas, its rest part interacts with RsbV. Of the amino acid
residues involved in the above complex formation, Arg 23 of RsbW interacts with both ¢®° and
RsbV residues. Genetic studies revealed that the N-terminal end of RsbW is critical for
maintaining its 6® binding ability, phosphorylation activity, and dimerization ability. Arg 23 of
RsbW was also found vital for preserving its structure, stability, and phosphorylation activity.

To understand the folding mechanism and stability of CapF, the unfolding of a recombinant CapF
(rCapF) was studied in the presence of urea. rCapF was unfolded by a reversible pathway and
formed three dimeric intermediates that retained NADPH binding activity. Their structure and
hydrophobic surface area differed not only from each other but also from that of rCapF. One of
the Trp residues in the intermediates was found more surface-exposed. Further, two
intermediates, compared to rCapF, had a compacted shape.

Scientific Activities:

Participation in
Book Conference /

Chapter / Symposia / Extramural
Invited Workshop and Funding
Review Delivered Invited

Talk

Patent Award /
Applied / Honour /
Granted Membership

Student

Awarded Publication
Ph.D.

01 04 - - - - -




PROF. SRIMONTI SARKAR

Professor

Group Members:

Nabanita Patra, CSIR-SRF Adhoc

Ankita Das, INSPIRE Fellow-JRF Adhoc
Avishikta Chatterjee, INSPIRE Fellow-SRF Adhoc
Pritha Mondal, CSIR-JRF Adhoc

Trisha Ghosh, UGC-JRF Adhoc

Anurupa Sett, UGC-JRF Adhoc

Shankari Prasad Datta, PA

Collaborators:
Prof. Alok Kumar Sil, Dept. of Microbiology,
Calcutta University

Dr. Sandipan Ganguly, Scientist F, Division of Parasitology,
National Institute for Cholera and Enteric Diseases

Scientific Report
Background and Vision:

The enteropathogenic protist G. lamblia undergoes stage switching between its two
morphological forms, the flagellated trophozoite (responsible for disease manifestation) and the
non-motile cysts (responsible for pathogen transmission). Given the considerable structural
differences between the two forms, interconversion from one to the other depends on both of the
eukaryotic protein degradation pathways- proteasomal and lysosomal. We are studying the
machinery for both pathways with the aim of identifying parasite-specific features that may serve
as therapeutic targets.

Besides being a human pathogen, the Giardia has an enigmatic subcellular architecture. It
harbours several aberrations from the canonical eukaryotic organellar composition and
morphology, which include the presence of two transcriptionally-active nuclei, and the lack of
ubiquitous compartments like the Golgi, mitochondria and peroxisomes.  Even the
endolysosomal system appears unusually homogeneous, with small, ~100 nm compartments
discharging both protein sorting and degradation functions. Giardia is also the only known
unicellular eukaryote to possess a suction cup that enables suction-based attachment of the
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SCIENTIFIC REPORT Professor

pathogen to the host gut wall. Also, each of its four flagellar pairs exhibit unique beating
patterns, even though they are attached to the same cell body. In addition, Giardia is a rare
example of a bilaterally symmetrical unicellular eukaryote. Thus, the study of this organism will
enable us to understand the cellular machinery that are necessary to sustain these unique features

Summary of Research Work:

We continue to use molecular genetic approaches to interrogate the functions and assemblies of
the molecular machines of Giardia involved in protein degradation. Comparison between the
subunit composition of several supramolecular protein assemblies of the host and the parasite
indicate that the ones from Giardia are composed of a lesser number of components. A key
finding of our research over the past year is uncovering the altered intra-subunit interactions
within the proteasomal lid components of Giardia. This change may be a reason why the
proteasomal lid of the pathogen can assemble despite the Giardia genome not encoding two
crucial proteins whose orthologues play a major role in the stability of the proteasomal lid
assembly of higher eukaryotes. We have also directed our efforts towards understanding the
events preceding fusion of a transport vesicle to the target compartment membrane and
uncovered the presence of a very minimalized form of a tethering complex that is likely be
responsible for vesicle docking.

Scientific Activities:

Participation in
Book Conference /
Chapter / Symposia / Extramural

Student
Awarded  Publication
Ph.D.

Patent Award /
Applied / Honour /

Invited Workshop and Funding Granted Membership

Review Delivered Invited
Talk

01 01 - 02 01 - =




PROF. AJIT BIKRAM DATTA
Professor

Group Members:

Pritam Naskar,

Sayani Sarkar
Shubham Jha

Collaborator:

Prof. M. Dasgupta, Dept. of Biochemistry, University of
Calcutta, Kolkata

Scientific Report
Background and Vision:

Post-translational modifications (PTMs) of proteins regulate diverse cellular processes in
eukaryotes. Two prime examples of PTMs are ubiquitination and phosphorylation, where the
substrate proteins are modified by covalent conjugation with either ubiquitin or a phosphate
moiety. In fact, kinases and ubiquitin E3 ligases constitute two largest classes of enzymes coded
by eukaryotic genomes. Phosphorylation/dephosphorylation has been established as an
indispensable regulatory step in various signaling cascades. Similarly, ubiquitination is also
reported to take part in a plethora of sub-cellular processes that includesproteostasis, cell-cycle
progression, transcription regulation, and DNA repair. Understandably, defects in these PTMs
lead to various pathophysiological consequences such as cancers and neurodegenerative
disorders. Our laboratory attempts to understand the specificity of these modification machineries
and the regulatory mechanisms that bring spatio-temporal control over these processes.

Specific Objectives:

The specific objectives, that have been worked on in this year are as follows-
e Role of a glutamate to aspartate mutation in E2s in their E3 recognition.

e The basis of E2 discrimination and plasticity in UbL recognition by non-canonical human
ubiquitin E1, Uba6.

e Understanding the functional aspects of a orphan receptor kinase from leguminous plant
Arachis hypogea, in collaboration with Prof. Maitrayee Dasgupta.
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SCIENTIFIC REPORT Professor

Summary of the work:

Role of aglutamate to aspartate mutation in E2s in their E3 recognition: Previously, we
had identified that a glutamic acid residue found in the Helix 1 of E2s play an important
role in dictating their E3 recognition and affinity. Thus, Ube2N could interact with
ZNRF1 with high affinity while Ube2B failed to do so despite having identical E3
binding residues. Our experiments had showed that mutating that glutamic acid to apartate
in Ube2N reduced its ZNRF1 affinity by ~25 fold. Whereas, replacing the analogous
aspartic acid in Ube2B with glutamate allowed its recognition by ZNRF1. These studies
underscored the importance of small changes in protein structures in dictating their roles.
To prove this point further, we carried out MD simulations and showed that despite
dynamic variations in the structures, a small but reproducible difference do exist between
the aspartic containing and glutamic acid containing E2s.

The basis of E2 discrimination and plasticity in UbL recognition by non-canonical
human ubiquitin E1, Uba6:Uba6, the non-canoncal human ubiquitin activating E1
enzyme can only interact with a subset of E2s coded by the genome. It is also unique
amongst all E1s, as it could activate ubiquitin together with a second UbL, FAT10. Our
previous attempts to purify Uba6 from bacterial overexpression systems had failed
repeatedly. This year we utilized a synthetically designed Uba6 construct to successfully
purify the protein from prokaryotic hosts. The biochemical studies with the purified
proteins are now underway.

Understanding the functional aspects of a orphan receptor kinase from leguminous
plant Arachis hypogea: SYMRK receptor kinase from Arachis hypogea plays important
role in development of root nodules. In collaboration with Prof. Dasgupta’s lab we
determined the X-ray crystallographic structures for a few SYMRK mutants both in apo
form and also in complex with the non-hydrilyzable ATP analog AMP-PNP/Mg?* that
showed phenotypic difference in root nodule formations. We are in the process of finding
the correlation between structural differences with the functional differences of the
mutants.

Scientific Activities:

Awarded Publication
Ph.D.
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Sl Chapter / Symposia / Extramural L. Award /
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DR. ABHRAJYOTI GHOSH
Associate Professor

Group Members:

Chandrima Bhattacharyya, INSPIRE Fellow-Adhoc
ShayantanMukherji, UGC-Adhoc

Mausam Roy, UGC-Adhoc

Sayandeep Gupta, CSIR-SRF Adhoc

Arghya Bhowmick, CSIR-Adhoc

Koustav Bhakta, Institute Fellow

Dr. Triparna Mukherjee, ICMR-RA

Scientific Report
Background and Vision:

The central focus of my laboratory is to understand microbial adaptation under stress conditions
in the natural environment. We study stress adaptation in model organisms as well as in microbial
communities of various environmental niches. To achieve our goals, we use multiple techniques
starting with biochemistry, microbiology, and genomics to unravel the molecular players
important in the adaptation and evolution of microorganisms.

Summary of research work:

a) We investigated the cross-talk in the heat shock response pathway of thermoacidophilic
crenarchaeon Sulfolobus acidocaldarius. We looked into the ability of heat shock protein
repertoire comprising Hsp14, Hsp20, and Hsp60 to interact with each other to execute the
substrate proteins' folding under stress conditions in this organism. We demonstrated that in
the absence of Hsp70 in archaea, Hsp14 transfers sHsp-captured substrate proteins to Hsp60
for refolding.
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b) The archaeal SRP RNA has been demonstrated to stabilize the SRP54-FtsY targeting
complex (TC) and facilitate protein translocation at high temperatures (70-80°C).

c) Several plant-growth-promoting rhizobacteria were isolated and characterized from the tea
rhizosphere of Darjeeling, India. These rhizobacteria have been demonstrated to induce an
antioxidative defense mechanism in rice plants and protect them from the sheath blight
disease caused by Rhizoctonia solani. Furthermore, a consortia-based bioformulation
comprising a different combination of rhizobacteria has been developed and demonstrated to
protect rice plants from R. solani infection.

d) We investigated the tea and mangrove rhizosphere microbiome using high throughput
sequencing approaches. Our results indicated that the 'rhizosphere effect' plays an essential
role in shaping the microbial diversity in the tea and mangroverhizosphere.

Scientific Activities:

Participation in
Book Conference /
Chapter / Symposia / Extramural

Patent Award /
Applied / Honour /
Granted Membership

Student
Awarded  Publication

Ph.D. Invited Workshop and Funding
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DIVISION OF BIOINFORMATICS

OVERVIEW

Today’s Division of Bioinformatics started its journey three decades ago as a DBT funded BTIS
Network's center at Bose Institute to offer Bioinformatics facility and skill-set. Later the full time
research was started at the center and thereby it evolved as a ‘Centre of Excellence in
Bioinformatics’, as graded by the DBT. The Bose institute has upgraded this center into its
regular Division. The broader objectives of the research carried out in this division are to provide
fundamental insights into Biology, to rationalize complex experimental observations, to make
applications with long term goal to come up with scientific strategies for modern therapeutic
approaches. The division has decent infrastructure of bioinformatics and computational biology
research. The scientific expertise of the division covers stem cell bioinformatics and regulatory
RNAs, oncogenomics, proteomics, drug design, structural bioinformatics and macromolecular
dynamics etc. The products of the divisions include databases software in addition to the human
resource development; it routinely conducts training and workshops for students in order to
spread scientific and technical skills in bioinformatics.
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DIVISION OF BIOINFORMATICS

LIST OF PERSONNEL

Faculty Members: Prof. Shubhra Ghosh Dastidar, Dr. Zhumur Ghosh, Dr. Sudipto Saha.

Students : JRF/SRF : Gourab Das, Troyee Das, Byapti Ghosh, Sreyashi Majumdar, Saran N,
Abhirupa Ghosh, Jagannath Das, Paramita Roy, Shazia Firdous, Debarati Paul, Debadrita Basu,

Nibedita Ray Chaudhuri, Premananda Basak, Souvik Sinha, RA : Dr. Sibun Parida. Women
Scientist : Dr. Arpana Verma.

Staff Members: Sanjib Kumar Gupta, Sujata Roy, Jibananda Mondal, Sarama Pradhan, Birendra
Kumar Bari.



PROF. SHUBHRA GHOSH DASTIDAR

Professor

Group Members:

Souvik Sinha
Debadrita Basu
Debarati Paul
Nibedita Raychaudhuri
Premananda Basak

Scientific Report
Background and Vision:

The atoms and molecules in a cell are always jiggling, dancing and bumping into each other and
occasionally carrying out a specific reaction or a process. Hence it is important to understand
how exactly this is choreographed, i.e. how such motions influence the molecular structures.
Such dynamics of the molecular structures forms the basis of the conformational changes of the
molecules, their interaction with other molecules and thus determines the function of the
molecules. Therefore dissecting the characteristics of the dynamics of a bimolecular system paves
the way to the understanding of the molecular mechanism of their function. The general interest
of our group is to gain novel insight into biology analyzing the structure, dynamics and the
statistical thermodynamics of the molecular systems using computer simulations. These methods
not only help to understand the biomolecular mechanism of functions but can also reveal how the
molecular defects can lead to a disease, which becomes useful for designing drugs in a rational
manner. Overall, we are dealing with protein-protein, protein-lipid bilayers, and protein-ligand
interactions in all atom description

Summary of Research Work:

The overall research activities of the group could be broadly classified into the following
directions: (i) Computational drug design against COVID19, particularly to find molecules from
the list of already FDA approved drugs for some other diseases, which could be repurposed
against COVID19, (ii) obtaining a mechanistic insight into the conformational switching of a,(3-
tubulin dimer under the influence of suitable molecules which can act as the ligands of tubulin;
having such a control over tubulin conformation is a possible key to control the cell proliferation
and has the promise for getting applied in designing promising therapeutic molecules against
cancers, (iii) understanding the mechanism of allosteric activation and deactivation of Kinases
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(iv) miscellaneous collaborative works with the experimentalists. Such activities have led to
several specific achievements which in very brief would be the following:

(@) a list of promising drug molecules have been identified which could be tested further form
possible repurposing against COVID19, (b) a substantial understanding on the ligand induced
changes in the a,B-tubulin conformations have been understood which could tell the molecular
mechanism of the drugs that inhibits cell proliferation that binds to Tubulin to bias their
conformations; a key insight for drug design (c) a path for much deeper understanding on the
allosteric regulations of the Kinase functions has opened, more work is underway (d)
complemented experimental observations with insights from molecular modeling that has
reconciled the experimental results with molecular mechanism.

Scientific Activities:

Participation in
Book Conference /
Chapter / Symposia / Extramural APatltie;; / :(\)/\I{]%Ldr/ /
Invited Workshop and Funding pp :
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DR. ZHUMUR GHOSH

Associate Professor

Group Members:

Troyee Das, CSIR-SRF

Byapti Ghosh, DST Inspire Fellow
Gourab Das, ICMR SRF

Dr. Arpana Mukherjee, SERB WOS-A
Sibun Parida, Project RA

Scientific Report

Background and Vision:

Our lab has the main focus to understand the role of regulatory noncoding RNAs in cancer and
early embryonic development where stem cell plays a crucial role.

Our lab’s vision is to develop relevant tools and databases (aligned to our lab’s research focus)
which will boost nation- wide implementation of omics facilities in clinical settings by
efficient big data management so as to promote personalized therapy in India.

Aims and Objectives:
Aim 1: Investigating the role of regulatory RNAs in cancer and early embryonic development.

Aim 2: Role of regulatory RNAs and transcription factors in maintaining cellular pluripotency
and their differentiation.

Work Achieved:

A. Investigating the role of regulatory RNAs in cancer: LncRNA loci harbouring SNPs has been
elucidated for the three most prevalent female cancers in India viz. breast, cervical and
ovarian cancer. Apart from those reported in doSNP, several novel variants have also been
detected by our SNP detection pipeline. A database named ClinicLSNP has been hosted
within LncRBase V.2 (2" version of IncRNA database has been launched) which contains
detailed information about these SNPs (Das et al., RNA Biol 2020).

B. Devising a therapeutic approach to combat Covid-19 infection by implementing Artificial
intelligence (Al) and pattern recognition techniques followed by molecular docking to
predict FDA approved pharmaceuticals and nutraceuticals to target E protein (Das et
al.,Genomics 2021).
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Future Research Plans:

a) Detecting the role of miRNAs as epigenetic modulators inducing oncogenicity in stem cell
derivatives.

b) Studying the role of regulatory noncoding RNAs(ncRNAS) as regulators during fertilization
and early stages of murine development and identifying potential ncRNA-mRNA interaction
which is having significant role in determining fertility.

Scientific Activities:

Participation in

Book Conference /
Sl Chapter / Symposia / Extramural SEIEL Award /

Awarded Publication
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Applied / Honour /
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DR. SUDIPTO SAHA

Associate Professor

Group Members:

Shazia Firdous, SRF
1 Abhirupa Ghosh, SRF
\ Saran N, SRF

Sreyashi Majumdar, SRF
Jagnnath Das, JRF
Paramita Roy, JRF

Scientific Report

Background and Vision:

My laboratory studies lung diseases including asthma, multi-drug resistant tuberculosis (MDR-
TB) with specific goal of understanding and improving diagnosis, prognosis and treatment using
bioinformatics and systems biology approaches.

Summary of Research Work:

e During this period, we have contributed in the area of COVID-19, MDR-TB, c-myc
regulation (for details see publications). We have developed a database of drug resistance-
associated genes and build statistical models for predicting drug-resistant TB isolates from
whole-genome sequencing data.

Scientific Activities:

Participation in
Conference / Patent Award /
Symposia / Workshop Eﬁ:ﬁg}gral Applied / Honour /
and Delivered Invited g Granted Membership
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Acharya Jagadis Chandra Bose with some of his pupils in 1928
Standing (left to right ) : S. Datta, S. N. Bose, D. M. Bose, N. R. Sen, J. N. Mukherjee, N. C. Nag
Sitting (left to right): Meghnad Saha, Jagadis Chandra Bose, J. C. Ghosh
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DEPARTMENT OF BIOPHYSICS

OVERVIEW

The Department of Biophysics was established in September 1983. Although a relatively young
department and small in size, the department is very active in research primarily focused on
Molecular Biophysics, Biophysical Chemistry and Structural Biology. The primary mission of
the Department is to understand biological systems at a molecular level from a vantage point of
physics, physical chemistry and computational chemistry, chemical and structural biology. This
includes a detailed description in terms of molecular structure, conformation and dynamics and
their interactions using both experimental and theoretical tools. In addition to generating
fundamental knowledge in the field, the mission is to work in a collaborative fashion with other
disciplines on fundamental as well as applied problems and solve them using cutting edge tools /
methodologies.
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DEPARTMENT OF BIOPHYSICS

LIST OF PERSONNEL

Faculty Members: Prof. Gautam Basu, Prof. Anirban Bhunia (Chairman), Dr. Subhrangsu
Chatterjee, Dr. Debjani Roy, Dr. Smarajit Polley.

Research Scientists: Prof. Siddhartha Roy, J. C. Bose Fellow; Prof. Manju Roy, Visiting
Scientist; Dr. Moitri Basu, DST Inspire Faculty.

Students : RA/JJRF/SRF/Project Assistant : Anindya Dutta, Nilanjan Banerjee, Sudakshina
Ganguly, Bhawna Pandey, Dr. Madhumita Chakraborty, Humaira llyas, Sk. Abdul Mohid,
Pallabi Sengupta, Suman Panda, Chandradeep Basu, Dwijit Guha Sarkar, Nilanjana Maji, Dr.
Trina Dutta, Dibakar Sarkar, Dipita Bhattacharyay, Pranita Roy, Ranit Pariary, Karishma
Biswas, Shruti Mukherjee, Swarnali Kar, Prateeka Borar, Ananya Roy, Dr. Swati Bhowmick,
Deeparna Sutradhar, Samrat Mitra, Debapriya Bose, Dr. Payel Bhatterjee, Laboni Roy, Ipsita
Chakraborty, Dipanwita Roy, Dr. Raka Ghosh, Oishika Chatterjee Arkadeep Sarkar and Dr.
Himal Kanti Ganguly.

Staff Members: Basudeb Marick, Barun Majumder, Tanmoy Debnath, Soumya Shankha Biswas,
Swapan Joghsharma, Sudhir Turi, Nagnarayan Yadav.
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Dr. Debamitra Chakravorti, RA
Sudakshina Ganguly, SRF
Chandradeep Basu, SRF
Bhavna Pandey, SRF

Scientific Report

Background and Vision:

All biological phenomena are driven by specific molecular interactions via cognate recognition
and non-cognate discrimination processes. Both recognition and discrimination are mediated by
specific structural and dynamic elements of the interacting molecules. Therefore in order to
understand molecular triggers of biological functions it is important to understand structure and
conformations of molecules. Given known structures (or a known set of sequences), it is also
important to know how different elements interact via specific or non-specific physical forces. In
my lab we use biophysical, spectroscopic as well as computational tools to understand structural
properties of biologically important molecules and their significance in biology.We work on a
number of diverse projects with specific aims. Here are some specific objectives: (i) Structure-
function-evolution of aminoacyltRNA-synthetases, (ii) Peptide conformation and design, (iii)
Electrostatic interactions in biomacromolecules, (iv) Protein and Nucleic Acid dynamics, (V)
Small molecule-DNA interaction.
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Summary of Research work:

e We established for the first time that the DNA minor groove can induce cis—trans
isomerization in a ligand it binds (a Near-Infrared Fluorescent Probe).

e We experimentally established that the replacement of a single residue in a 3-hairpin by Gly-
Pro, a ‘united-residue’ known to be overrepresented in protein (-sheets as Gly-cisPro
without causing much structural distortion, and comparison of the resulting [-hairpin with
those of other single/double residue substitutions show that Gly-Pro but not Pro-Gly is well
accommodated in the isolated -hairpin.

e We established the structure of a novel amphipathic o-helix forming segment in
Physcomitrella patensdehydrin that play a key role in abiotic stress mitigation.

Scientific Activities:
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Figure 1.A. Structure of free and QCy-DT-bound DNA (CGCGAAATTTCGCG) determined by
NMR Spectroscopy. B. The two possible mechanisms of DNA binding by QCy-DT C. Flux
analysis of QCy-DT binding to DNA revealing the relative contributions of the induced fit and
the conformational selection pathways. D. The amide to alpha hydrogen coupling constants of
Gly (difference between the cis and the trans conformations) in the peptide series that was studied
to test how well a Gly-Pro can be accommodated in a beta-hairpin. E. A summary of intra-strand
backbone NOE crosspeaks in the peptide series.
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Aaishi Bhattacharya, JRF
Dipanwita Roy, SRF
KarishmaBiswas, SRF
Dipita Bhattacharyya, SRF
Sk. Abdul Mohid, SRF
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DibakarSarkar, SRF
Shruti Mukherjee, SRF
Dr. IpsitaChakraborty, RA
Dr. Sourav Kumar, RA

Scientific Report

Background and Vision:

Biological membranes are an important functional interface for a plethora of physiological
reactions, taking place within the cell. Thus all biological membranes serve as an indispensable
platform for several surface proteins, membrane-integrated proteins/peptides and other ions and
signalling molecules. The determination of molecular structure and dynamics of biomembranes
and the associated functional peptides and proteins is, in fact, one of the most significant
challenges in contemporary science. In this connection, vesicles and liposomes mimicking the
lipid bilayer structure have been used to study membrane-protein/peptide interaction. Recently,
nanodiscs, composed of lipid bilayer and membrane scaffold proteins (MSP), represent a more
native environment than liposomes/ bicelles or detergent micelles. Recent developments of NMR
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spectroscopy have facilitated in-depth characterization of the dynamics of interactions at the
atomic-resolution. This precise structural knowledge is very much crucial to correlate with their
membrane-directed functioning. Dr. Bhunia’s laboratory involves several biophysical techniques,
including cutting-edge solid- as well as solution-state NMR spectroscopic techniques to
characterize the membrane-associated functioning of several biologically active peptides and
proteins.

Summary of Research Work:

e Three-dimensional solution structure of several antimicrobial peptides targeting pathogenic
model membrane mimic.

e Probed transient non-native states in AB40 fibril formation by NMR.

e Understanding the role of Alzheimer pathogenicity from the investigation of core amyloid
forming AB40 fragments in membrane.

= Pioneer in determining three-dimensional solution structure in live cell.

e Decipher the epitope of early nucleation events for a-synucle in familial mutants using
NMR.

e Probing the LPS binding structural motif in a-synucle in that modulates disease propagation
from gut to brain.

e Developed reduced dimensionality experiments to record 3D HNCACB and CBCACONH to
monitor the Kinetics and dynamics of A fibrillation.

e Developed solvent relaxation NMR as a tool for Real-time monitoring Water- Dynamics in
Protein Aggregation Landscape.

Scientific Activities:
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Group Members :

Meghomukta Mukherjee, SRF, Inspire Fellow
Pallabi Sengupta, CSIR-SRF

Nilanjan Banerjee, Instititute Fellow, SRF

Suman Panda, CSIR-SRF

Anindya Dultta, Institute Fellow, SRF

Ananya Roy, CSIR-SRF

Debopriya Bose, Institute Fellow, JRF

Laboni Roy, CSIR-JRF

Collaborators :

Prof.Tanya Das, Professor, Bose Institute

Prof. Gaurishankar Sa, Professor, Bose Institute

Dr. Deba Prasad Mandal, Associate Professor, WBSU
Dr. Shamme Bhattacharjee, Assistant Professor, WBSU
Dr. Partha Chakrabarti, Scientist E2, 1ICB

Dr. Samit Chattopadhyay, Ex-Director, 11CB

Dr. T. Govindraju, Associate Professor, INCASR

Scientific Report

Background and Vision:

The main goal of my research is to employ high resolution multidimensional (1D/2D/3D) NMR
spectroscopy in the biophysical and structural studies of biomolecules. Both Nucleic Acid and
Protein NMR in conjunction with the use of Molecular Dynamics simulation, Modelling and CD,
Fluorescence, IR, TEM, SEM and other spectroscopies etc. are used to unravel Nucleic Acid
Protein interactions, Nucleic Acid-Drug/Ligand interactions, protein/peptide aggregation/
dissociation and biomolecular folding and unfolding. In addition to that our laboratory works on
both on cell biological and computational studies on G-quadruplex and G-quadruplex-
protein/peptide interactions. We try to unravel the role of G-quadruplex structures in dictating the
epigenetic landscape of oncogenes. We also focus on the G-quadruplex mediated transcriptional
regulation of oncogenes and other coding and non-coding genes.

Summary of Research Work:

In this year we have published many papers among which | am describing the brief of two
papers.

Promoter G-quadruplex favours epigenetic reprogramming-induced atypical expression of
ZEB1 in cancer cells:

Biochimica et Biophysica Acta (BBA) - General Subjects VVolume 1865, Issue 8, August 2021,
129899.

Our study unravels the occupancy of nucleolin to ZEB1 promoter as a crucial determinant which
facilitates the binding of SP1 transcription factor to chromatin, by locally remodeling the region.
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Our study unravels the occupancy of nucleolin to ZEB1 promoter as a crucial determinant which
facilitates the binding of SP1 transcription factor to chromatin, by locally remodeling the region.
SP1, subsequently, recruits P300 acetyl transferase leading to enriched acetyl-histone H3 at
promoter and activates ZEB1 transcription. ZEB1 promoter analysis identifies presence of four
putative G-quadruplex (G4) forming motifs within 700bp of TSS; each quadruplex is
characterized structurally in details with an array of biophysical techniques. Surprisingly,
stabilization of G4 with cationic porphyrin TMPyP4 represses its transcription and eventually
impedes cell invasiveness. TMPyP4 binding to a selected G4 motif (5’ -534/-511-3" from TSS),
where nucleolin/SP1/P300 co-occupies, prevents the association of nucleolin which consequently
hinders SP1 binding, leading to chromatin compactness and transcriptional repression. Our
findings demonstrate an epigenetic mechanism of ZEB1 reactivation where dynamic occupancy
of transcription regulators encompassing a G4 motif is crucial and thus, small molecule induced
G-quadruplex stabilization may act as a potential molecular switch to turn-off gene expression.

Prion-derived tetrapeptide stabilizes thermolabile insulin via conformational trapping
[iScience (Cell Press) Volume 24, Issue 6, 25 June 2021, 102573]

Unfolding followed by fibrillation of insulin even in the presence of various excipients grappled
with restricted clinical application. Thus, there is an unmet need for better thermostable, nontoxic
molecules to preserve bioactive insulin under varying physiochemical perturbations. In search of
cross-amyloid inhibitors, prion-derived tetrapeptide library screening reveals a consensus
V(X)YR motif for potential inhibition of insulin fibrillation. A tetrapeptide VYYR, isosequential
to the 2-strand of prion, effectively suppresses heat- and storage-induced insulin fibrillation and
maintains insulin in a thermostable bioactive form conferring adequate glycemic control in
mouse models of diabetes and impedes insulin amyloidoma formation. Besides elucidating the
critical insulin-1S1 interaction (R4 of 1S1 to the N24 insulin B-chain) by nuclear magnetic
resonance spectroscopy, we further demonstrated non-canonical dimer-mediated conformational
trapping mechanism for insulin stabilization. In this study, structural characterization and
preclinical validation introduce a class of tetrapeptide toward developing thermostable
therapeutically relevant insulin formulations.

Scientific Activities:

Participation in
Book Conference /
Chapter / Symposia / Extramural

Student
Awarded Publication
Ph.D.

Patent Award /
Applied / Honour /

Invited Workshop and Funding Granted Membership

Review Delivered
Invited Talk




DR. DEBJANI ROY

Assistant Professor

Scientific Report

Background:

Over the past several years we have been developing new methods by introducing robust network
parameters that facilitated our genome-wide network-based studies. These parameters are
similarity index, degree ratio, relative scaling, and on target ratio. These parameters have been
used to recreate strong networks to better understand the biological system including aging.
These parameters helped us to identify new biomarkers from next-generation sequencing data
and human interactome. We have developed several algorithms for the identification of protein
complexes from the biological network. In recent days, COVID-19 infection has become a
pandemic all over the world.The COVID-19 infections share similar symptoms with malaria
infections and thus caused asymptomatic complications for the diagnosis of the
disease.Plasmodiumfalciparum is a member of the phylum Apicomplexa and possesses a unique
plastid-like organelle called the apicoplast. In 2006 we homology modeled the three-dimensional
structure P. falciparum apicoplast specific dihydrolipoamide dehydrogenase dimeric enzyme and
submitted it to the protein data bank (PDB ID: 2G7D). This enzyme controls the first step of the
apicoplast-specific fatty acid synthesis.Understanding the structure-function relationships of
several significant pathway-specific enzymes including the dihydrolipoamide dehydrogenase is
of major interest.

Vision:
1. Detailed understanding of the active sites and the catalytic mechanisms of the enzymes.

2. Study Structure-function relationships of the major biochemical pathways and enzymes.

3. Detailed understanding of the scaffolds that influences the structure-function
relationships.

4. Computer hardware design of the biological system and simulation
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Summary of Research Work :

a.  We proposed an integrated pipeline to discover potential inhibitors against protozoa and the
virus. We generated P.falciparum apicoplast and antiprotozoal pathway-
specificscaffoldlibraries. Several inhibitors and peptides for the interface region of
P.falciparum apicoplast specific dihydrolipoamide dehydrogenase enzyme have
beenreported which may inhibit the dimerization of this enzyme. We have also identified the
inhibitors for each biochemical pathway of the apicoplast of P. falciparum. We have
predicted targets of unknown target containing antiprotozoal DrugBank drugs. Based on the
developed antiprotozoal drug scaffolds library we have retrieved four inhibitors from the
database Asinex. The interactions of these molecules with their corresponding SARS CoV-2
targets, cysteine protease, and the angiotensin-converting enzyme have been studied.

b. Alzheimer’s disease (AD) is the most prevailing neurodegenerative disorder which
causes memory loss and cognitive decline. New computational approaches are required for the
identification of new uses of existing drugs or drug repositioning for Alzheimer’s Disease. We
have developed a novel pipeline that combines both network and pharmacological
approaches for providing new insights into the drug repositioning approach of AD. Drugs with
high  connectivity = with  AD-specific  proteins and high disease  specificity
have been selected as significant repositioning candidates for AD. The chemical fingerprint
similarity study revealed that anisole, indole, and piperazine fingerprints are the most
promising chemical motifs to develop new drugs for AD in the future. We
identified five new molecules with significant drug-likeness properties. Five new molecules can
be effective inhibitors of several AD-specific targets. This work opens up ways for developing
potential drugs that are of high importance in AD medical research.

c. We studied the role of the cysteine protease (CP) enzyme in the SARS-CoV2 and several
protozoa families. Based on the catalytic side residues of all CPs, we identified several
chemical scaffoldsthat may be used to modify interactions at the active site of these enzymes
to control the pathogenesis. These approaches are cost-effective and have an immediate
effect to control infections amid the COVID-19 pandemic.
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Scientific Report
Background and Vision:

The main focus of the laboratory is to understand cellular phenomenon at highest possible
resolution. Protein kinases being the major interest.Multicellularity is the most complex form of
life. Well-being of multicellular organisms depend upon delicate balance and fine-tuned
regulation of inter- and intra-cellular signalling pathways. We primarily use biochemical,
chemical and structural biology tools to understand the mechanistic details of a few key
signalling pathways at highest resolution. Protein kinases and transcription factors are at the
centre of attention in the laboratory. More than 500 protein kinases are encoded in the human
genome.Protein kinases provide the regulatory framework for most signaling pathways in
eukaryotic cells. They add phosphate groups to amino acid residues and create modified chemical
entities that provide altered functionality to protein substrates. Stringent regulation of their
activities is critical to proper functioning of cellular processes, which often make them interesting
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point of intervention in many pathological scenarios. Many eukaryotic kinases show signaling
modularity entailing distinct outcomes, both beneficial and harmful in a context dependent
manner. Indiscriminate inhibition of these activities often has deleterious effect. Signaling
modularity is dictated by choice of substrates, cognate-binding partners, subcellular localization
and post-translational modifications of the kinase itself. We investigate the mechanistic details of
their activation and spatio-temporal regulations to fully realize the scope of modulating them in a
manner beneficial for the organism. We work primarily on two model kinase systems: a)
Inhibitor of kappaB Kinases (IKK), gateway to NF-kB activation and b) Dual Leucine Zipper
Kinase 1 (DLK1), a major player in axonal regeneration.

I want to develop and establish multidisciplinary research themes to understand the signaling
modularity of eukaryotic protein kinases in their biological contexts:

U Structural and Biochemical Basis of IKK complex formation and regulation
U Novel autocatalytic mechanism of IKK and its implication in signaling
U Structural and Biochemical Basis of DLK1 activation and function

The other themes of the lab include, but not limited to:

U Understanding the Structural basis of cancer promoting function of p53 GoF (Gain of
Function) mutants.
U Enzymatic remediation of environmental pollutants.

I am developing workflows in the laboratory that depend upon truly cross-disciplinary
experimental approaches including: In vitro and cellular biochemistry, cellular and chemical
genetics, chemical biology, omics studies and analytical studies using mass spectrometry,
structural biology using X-ray crystallography and CryoEM.

Summary of Research Work:

We have been able to set up large scale expression Sf9 expression system in the laboratory that
was previously elusive in the institute. We have purified a number of eukaryotic protein kinases
as well as other proteins to near homogeneity from soluble fractions using this system. We were
able to establish the analogue sensitive kinase workflow in the laboratory that informs about the
hitherto unknown substrates of a kinase of interest. We have established this workflow for IKK2.
Similar approach has been adopted for other kinases including IKK1. We were also able to
reconstitute mononucleosomes from in-house purified components and optimized its interaction
with IKK1. To study IKK1-nucleosome interaction in a quantitative fashion, we are employing
non-radioactive mononucleosome preparation. We have been able to reconstitute Cy5-labeled
mononucleosome where the DNA is end-labeled with the dye. In solution assays are currently
being optimized. Structural analyses of a number of kinase-signaling complexes using CryoEM at
national facilities had begun, however we failed to continue due to COVID19 pandemic. On a
different theme, we obtained crystals for at least two enzymes that degrade polluting dyes. Initial
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X-ray diffraction data collected elsewhere indicated the requirement for bigger, better single
crystals. Crystallization conditions have now been optimized and data collection shall begin at
the newly installed X-ray diffractometer in Bl when the situation permits. By using different
methodologies used in directed evolution, we have been able to generate a number of mutants for
the AzoR3A enzyme. Medium-throughput screening methodology to obtain beneficial mutants
are underway..

Scientific Activities:

Participation in
Book Conference /
Chapter / Symposia / Extramural

Student Patent Award /
Awarded| Publication Invited Workshop and Funding Applied / Honour /

Ph.D. Review Delivered Invited et e
Talk




BOSE INSTITUTE ANNUAL REPORT 2020-2021

DEPARTMENT OF CHEMISTRY

OVERVIEW

The Department of Chemistry was established in 1917, at the time of inception of the Institute. A
major part of Shambhu Nath Dey’s seminal work on the discovery of Cholera toxin was performed in
this department for which he was nominated for the Nobel Prize. Over the course of time the
department has adopted interdisciplinary research using the application of chemical principles to
explore biological phenomena.

Present research activities of the department are

e Host-pathogen interaction: Mycobacterium tuberculosis and Helicobactor Pylori
e  Stress response and signaling in Mycobacterium tuberculosis

< Recombinant approach to prokaryotic transcription

e Mathematical modeling of signaling pathway.

LIST OF PERSONNEL

Faculty Members: Prof. Suman Kumar Banik, Prof. Jayanta Mukhopadhyay.

Senior Scientists: Prof. Joyoti Basu, J. C. Bose National Fellow; Prof. Manikuntala Kundu, CSIR
Emeritus Scientist.

Students : JRF/SRF/Project Assistant : Suruchi Lata, Amar Chandra Mahatha, Madhurima
Chatterjee, Shreya Bagchi, Debayan Majumder, Tuhin Subhra Roy, Ritu Jaiswal, Sourajit Saha,
Aniruddha Tewary, Thurbu Tshering Lepcha, Pankaj Jankiram Birari, Arkajyoti Datta, Ayan
Biswas, Soumya Mal, Soumya Mukherjee, Md. Sorique Aziz Momin, Nilanjana Hazra. RA :
Arun Kumar Sharma.

Staff Members: Dipak Ch. Konar (upto 17.09.2020), Gaurab Kumar Roy, Mrityunjoy Kundu,
Sachchidanand Ram, Asoke Kr. Maity.



BOSE INSTITUTE ANNUAL REPORT 2020-2021

Acharya Jagadis Chandra Bose and Lady Abala Bose with
Research Assistants of Bose Institute (1926)

100



SUMAN KUMAR BANIK

Professor

Participants :

Ayan Biswas, Project Assistant
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Collaborators :

Prof. Pinaki Chaudhury, Calcutta University
Mintu Nandi, SRF, Calcutta University

Scientific Report

Background and Vision:

A living system survives in a continuously changing environment. In order to respond to the
changes made in the surroundings, each living species has developed specialized gene regulatory
networks (GRNSs). One of the major functions of a GRN is to efficiently transduce the incoming
signal. The inherent noisy interactions in the biochemical system make signal transmission
stochastic and can be understood using the formalism of non-equilibrium processes.

Aims and Objectives:

Our lab aims to develop theoretical frameworks to study signal transduction in GRNs using the
tools of information theory. The broad focus of our research group is to understand the basis of
signal transduction in biochemical networks within the purview of fluctuations in a single cell.
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Work Achieved:

We present a theoretical formalism to study steady-state information transmission in a coherent
type-1 feed-forward loop motif with an additive signal integration mechanism. Our construct
allows a two-step cascade to be slowly transformed into a bifurcation network via a feed-forward
loop, which is a prominent network motif. Using a Gaussian framework, we show that among
these three network patterns, the feed-forward loop motif harnesses the maximum amount of
Shannon mutual information fractions constructed between the final gene- product and each of
the master and coregulators of the target gene. We also show that this feed-forward loop motif
provides a substantially lower amount of noise in target gene expression, compared with the other
two network structures. Our theoretical predictions, which remain invariant for a couple of
parametric transformations, point out that the coherent type-1 feed-forward loop motif may
qualify as a better decoder of environmental signals when compared with the other two network
patterns in perspective.

Future Research Plans:

We aim to study information processing in other gene regulatory networks, e.g, feed-forward
loop. In addition, we also plan to develop theoretical formalism in the context of information
transfer in biochemical motifs.
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Dr. Soumya Mukherjee, DBT-NPDF
Arkojyoti Dutta, Institute Fellow-SRF

Ritu Jaiswal, CSIR-JRF
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AniruddhaTewari, CSIR-JRF

Madhumita Chatterjee, DST Inspire Fellow
Nilanjana Hazra, Institute Fellow, JRF

Scientific Report

Fundamental Mechanism of transcription and gene regulation in bacteria

Transcription is the first step in gene expression where most regulation occurs and is one of the most
important targets for antibacterial therapy. RNAP core enzyme together with sigma factor(s) and/or
numerous regulator(s) orchestrates the gene expression in bacteria. Our lab seeks to characterize the
interactions among RNAP, sigma factors, and regulators required for various gene expressions in
prokaryote, e.g. Escherichia coli, Bacillus subtilis and Mycobacterium tuberculosis. We use
integrated biophysical, biochemical and genetic approaches, along with a recombinant in vitro
transcription system to address the following specific aims:

1. Mechanism of gene regulation by various transcriptional factors and sigma factors in prokaryote.
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2. ldentify and characterize inhibitors of M. tuberculosis gene expression.
3. ldentify new target for anti-tuberculosis agents.
Summary of Research Work:

Our laboratory is involved in characterizing of delta factor of B. subtilis and understanding the
nature of sigma release of B. subtilis and M. tuberculosis during transition from transcription
initiation to elongation. Our recent finding showed that the affinity of delta factor to DNA
increases significantly when RNAP is present at the promoter. When RNAP escapes the promoter
for transcription elongation, delta releases from its site. We further showed that the interaction of
a-CTD of RNAP with delta factor is responsible for this enhanced DNA binding affinity. Using
ChIP-RTPCR assay, we demonstrated that the in vivo delta occupancy on DNA is higher at the
promoter region compared to the other region on the structural gene.Based on our observation we
proposed a model for mechanism of transcription activation by the delta factor.

We have also identified an inhibitor for Mtb RNA polymerase from plant extracts that inhibit
transcription.

Future Plans:

e  Study the mechanism of o-release in B. subtilis and M. tuberculosis
e Indentify and characterizethe inhibitors of (MDR) M. tuberculosis transcription
e SELEX based approach to identify promoters of the sigma factors of M. tuberculosi.
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OVERVIEW

Environmental sciences section (ESS) was established in 1992. The ESS is working focusing
on the local and regional air quality, air pollutants, chemical and physical atmospheric
changes, and the regional climate change emphasizing on the eastern parts of Himalayas.
Regular basis ground-based observation and monitoring are going on over different
atmospheric environments at different strategic locations like high altitude Himalayan station,
Darjeeling; typical urban metropolis, Kolkata; semi-urban atmosphere at Shyamnagar (north-
24 pgs) and rural atmosphere over Falta near the coast of Bay of Bengal (south 24 pgs). ESS is
also engaged in studying long-term variabilities in the atmospheric levels of several gaseous
and particulate air pollutants along and across the Indo-Gangetic Plains collaborating with
other institution/universities/organizations. ESS is also engaged in several national network
program like “National carbonaceous Aerosol Program” of MoEFCC, “National Network
Programme on Climate Change & Aerosol” of DST, “Biosphere-atmosphere exchange of
Greenhouse gases (Metflux) of MoES, and a national mission of Govt. of India called
“National Clean Air Mission” by MoEFCC. Because of the well expertise, knowledge and
experience of the ESS in the field of atmospheric science, Bose Institute has been selected as
the Nodal Institute and the Institute of Repute (IoR) in West Bengal for the National Clean Air
Mission.ESS organizes several on-board ship experiments over the Bay of Bengal, Arabian
Sea, Indian Ocean, and Southern Ocean for investigation of marine aerosols. ESS participated
35th Indian Expedition to Antarctica to explore the characteristics of aerosols over the South
Pole.
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LIST OF PERSONNEL

Faculty Members: Prof. Sanjay K. Ghosh (Chairman), Dr. Abhijit Chatterjee and Dr. Sanat K.
Das.

Students: RA/SRF/JRF/Project Associate/Project Assistant: Arindam Roy, Abhinandan
Ghosh, Monami Dutta, Sauryadeep Mukherjee, Durba Das, Sabyasachi Majee, Dr.Debajyoti
Ray, Dr Chirantan Sarkar, Shahina R. Shaikh, Piyal Halder.
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Scientific Report

Background and Vision:

The research activities are based on the “Air Quality and Climate Change” especially over the
Indian regions vulnerable to human health as well as climate change and extreme weather events.
Air quality studies are mainly carried out over the regions of high population density, for
example, urban metropolis in eastern India, the entire Indo-Gangetic Plain, etc. The
characterization, temporal variability, atmospheric changes, sources etc of the gaseous and
particulate air pollutants like CO, O3, NO,, SO, VOC, PM_5, PMy, are studied. Climate change
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studies are mainly focused on the geographgically and ecologically sensitive regions like eastern
Himalaya, Sundarban mangrove ecosystem etc. The major questions addressed are: How aerosols
interact with the clouds and rain? How aerosols and gases are exchanged between the different
spheres of our environment? How aerosols and gases alter the microphysical and chemical
properties of clouds?

Vision: Accurate determination of the quantitative contributions of various sources of air
pollutants and building strategic action plans towards their mitigation over Indian urban regions;
Long-term chemical characterization of aerosols and gases for refining and tuning of existing
regional climate models.

Summary of Research Work:

Aerosols chemical transformation: We have identified the major reaction pathways through
which sea-salt aerosols transported from Bay of Bengal interact with the polluted inorganic acids
and quantitatively estimated the loss of potentials of sea-salt aerosols as cloud condensation
nuclei
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Fig 1: Possible reaction pathways between sea-salt aerosols and inorganic acids
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High rise in carbonaceous aerosol during lockdown 2020: Our study revealed that the absence
of vehicular emissions, production of NOx significantly decreased during lockdown 2020. This in
turn enhanced the surface ozone favoring the photochemical oxidation of biogenic VOCs and
produces huge amount of secondary organic aerosols.

Normal Period (2019)
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Fig 2: Formation of secondary organic aerosols over eastern Himalaya during lockdown
2020 and compared with normal period (2019)

Role of aerosol in cloud formation: We studied that when black carbon aerosols (though
hydrophobic) get aged in the atmosphere and coated with several soluble species, then they act as
good cloud condensation nuclei. But when sea-salt aerosols (though hydrophilic) get aged and
interact with the polluted inorganic acids, then their potential to act as CCN decreases. Therefore,
transported and aged soot particles are better CCN than the transported and aged sea-salt
aerosols.

Sea-salt highly interacted
with H2504 and HNO3

Sea-salt poorly interacted
with H2504 and HNO3

Long-range transport (Black
Carbon)

Valley wind transport (Black
Carbon)

Fresh Emission (Black
Carbon)

0 01 02 03 04 05
CCN Activation Ratio (CCN/CN)

Fig 3: Ability of cloud droplet formation of different types of aerosols
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Brown Carbon aerosol chemistry: We have studied the chemical characterization and the light
absorbing ability and warming potentials of Brown Carbon aerosols of different sizes over
different atmospheric environments like high altitude Himalaya, tropical urban metropolis and
Sundarban mangrove forest.
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Fig 4: Absorption coefficient and mass absorption efficiency of Brown Carbon aerosols over
Kolkata and Darjeeling at different sizes of aerosols

Impact of lockdown on India’s air quality: We have studied the impact of lockdown 2020 on the
air quality over different states in India. We observed that different states behaved differently and
the long range transport played major roles for the loading of atmospheric aerosols in different
states during lockdown.
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Fig 5: “Aerosol Source-Aerosol Loading” relationships for different Indian states during
lockdown 2020
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Impact of hypochlorite spraying during lockdown 2020: | studied the effect of excessive use of
sodium hypochlorite solution/spray as surface disinfectant to stop spreading COVID-19 on the
atmospheric chemistry and public health.
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Background and Vision :

The curiosity of knowing the weather is undoubtedly increasing day-by-day and therefore,
accurate weather prediction is on demand. However, pollution becomes the main culprit creating
large uncertainty in the model output. The reason is uncontrolled and continuous varying its
guantity and characteristics. As a result, a strong fluctuation is observed in its effect. The main
objective of our investigation is the improvement of present understanding of alteration of cloud-
precipitation system that changes the climate as well as agricultural system and thereby,
ultimately affects our country’s economy. In my lab, our research focuses onaerosols induced
global warming, perturbation of cloud formation, and aggravation of air quality index that effects
on human health. In recent years, our efforts on meteorological dependency on the variation of
diversity of airborne microorganism will help for better understanding of bioaerosols’ effect on
life.

Summary of Research Work :

1. Investigation of airborne microbes over Indo-Gangetic Plain from the Himalayas to
Coastal Bay of Bengal

An integrated campaign covering wide region of Eastern India in winter starting from the
Himalayas to coastal region of the Bay of Bengal was conducted during 4™-20"Jan, 2020
collecting air-borne samples at Darjeeling (Hill-top), Siliguri (Foot-hill), Kolkata (Urban), Malda
(Urban), Sundarban Mangrove forest. Geographicaly these five sampling sites are categorized as
Trans Himalayan area — Darjeeling, Foothill area — Siliguri, Urban area — Malda, Kolkata,
Coastalmangrove forest area — Sundarban. The microbial analysis is presently under process.
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g (-1°C) at midnight, 5 Jan 2020

Fig. 1: Sample collection at middle of night at Darjeeling in a cold windy weather condition

2. Characterization of aerosol types by columnar optical properties analysis at a coastal
site on eastern seaboard of India (Collaboration with Indian National Center for Ocean
Information Services (INCOIS))

AOD (550nm)

-l |
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FIGURE 2: SPATIAL DISTRIBUTION OF AOD IN INDIA
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The coastal stretch of the northwestern Bay of Bengal experiences mixture of aerosol types from
variety of sources attributed to spatial heterogeneity. The present study aims to identify aerosol
types from ground based spectral measurements of Aerosol Optical Depth (AOD) at Gopalpur
(19.30°N, 84.88°E), a coastal site on the eastern seaboard of India. The spectral variation of AOD
exhibits four distinct types. The seasonal variation of aerosol size characterization revealedthe
prevalence of coarser mode particles during premonsoon (March - June) and monsoon (July -
October) period. The coarser mode aerosols during premonsoon were attributed to transport of
dust, minerals and local sea spray aerosols, whereas during monsoon due to wet removal of finer
aerosol particles. In contrast, the dominance of fine mode particles was observed during
postmonsoon (November - February) possibly due to strong local anthropogenic emission and
advection of finer particles. In addition, AOD variations were strongly associated with daily
fluctuations in wind speed. The relatively higher wind speed during premosnoon acts conducive
for genesis of relatively larger aerosol particles such as sea-salt. The present study complements
the information on daily and seasonal variability of aerosol size characteristics that could be
critical in filling gaps for global level assessment. Additionally, this study strengthens the
existing knowledge of the aerosol influence on the regional weather pattern, contributing to more
comprehensive understanding of the regional climate system in response to anthropogenic
forcing.

3. Impact of Lockdown created by COVID-19 pandemic on ground-based Airglow Image
observations in India (Collaboration with The Indian Space Research Organisation
(ISRO))

Aerosols are responsible for the scattering and
absorption of any kind of visible radiation
passing through the atmosphere. The
lockdown situation during the present
pandemic  condition  provides us the
opportunity to estimate the contribution of
lower atmospheric aerosols coming from
various surface sources in the attenuation of
signals generated from the upper atmosphere
and observed them at the ground. Airglow
emissions originating from mesospheric and
thermospheric altitudes have been routinely
being monitored from Kolhapur (16.8°N,
74.2°E) using Imagers under the ISRO. We
notice that the observable amplitudes of very
small-scale waves during April 2020 were
significantly ~ smaller than the regular Min intensity Max intensity

FIGURE 3:AIRGLOW IMAGE ON A CLEAR DAY
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observations. We attempt to identify the reason for such low observable amplitudes. The
improved contrast of the airglow imager is found to be the possible reason for such a drastic
difference in the quality of measurements. We suggest that lockdown had important repercussion
on the visibility through the improved air quality and thus the better viewing conditions of the
instrument were reflected in observations carried out by airglow imager.

e
1
w w
-
LS

4
]

1t

ot

4. Investigation of Bioaerosols over Marine regions, scheduled for sampling:

Our recent study reports that a continental winter-time haze is moving out from Indo-Gangetic
Plain to the Bay of Bengal. This continental haze contains large abundance of pollutants attached
with airborne microbes, commonly known as bioaerosols, which needs to be investigated. To
investigate the changes of the airborne microbial community due to long-range transportation of
this continental haze over the marine regions from the Bay of Bengal to the Indian Ocean, |
proposed to the Ministry of Earth Sciences (MoES) for providing cruises and the proposal has
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been accepted for the periods given below solely dedicated for my research team. | am expecting
to get good results from the future ship-borne experiments, given below.

Institute | Principle Study Area Period Embarkation | Disembar- Platform
Investigator kation

Bose Dr.Sanat Bay of Bengal- | 1-7 Oct, 2021 | Chennai Cochin RV-Sagar Tara

Institute | Kumar Das Indian Ocean

Bose Dr.Sanat Bay of Bengal- | 3-14 Feb, 2022 | Cochin Chennai RV-Sagar Tara

Institute | Kumar Das | Indian Ocean

Bose Dr.Sanat Bay of Bengal 7-18 Feb, 2022 | Chennai Chennai RV-

Institute | Kumar Das SagarAnveshika
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OVERVIEW

The Department of Microbiology was founded in 1942, not only as one of the first of its kind in

India but in this subcontinent too, being a part of the century old Bose Institute. During early

years, this department was very actively engaged in the area of antibiotic research. Later in the

second half of last century, the main focus was industrial Microbiology, primarily on
fermentation technology, mutational research and microbial bioleaching of mineral ores.

However, with time, this department engaged both in applied and basic research and had

addressed various problems in the area of infection biology, biocatalysis, drug design and

detoxification apart from plant-microbe and mineral-microbe interactions. Currently this
department is devoted to understand various aspects of microbiological processes in planetary
health, environmental restoration and pathogenesis.

e Management of Mycobacterium tuberculosis with the perception of the molecular biology
and metabolism of the TB pathogen, using its phages and plasmids as model systems, tools
and probes. Strategic combating approaches include 'Phage inspired antibiotics for
mycobacteria’ and CRISPR-Cas9-based editing of genes for the down regulation enzymes
inhibiting the growth of mycobacteria.

e Genomic and proteomic approaches to understand bacterial metabolism of health hazard
aromatic pollutants, regulation of gene expression and in silico analyses of biomolecular
evolution. Development of biosensors and bioprospecting of novel compounds from plant
and microbe, besides studies on gut and environmental metagenome and understanding of
host-pathogen relationships are the key strategic schemes of research.
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e Studies on the molecular biology of sulfur-chemolithotrophic prokaryotes and their
evolutionary dynamics to reveal opportunities and constraints of in situ metabolisms, and
geochemical manifestations of the microorganisms of the Carbon-Sulfur-cycle within
microbiomes of extreme environments that have active interfaces with the Earth’s geological
processes.

LIST OF PERSONNEL

Faculty Members: Prof. Sujoy Kr. Das Gupta, Prof. Tapan Dutta (Chairman), Dr. Wriddhiman
Ghosh.

Students : JRF/SRF: Arindam Dutta, Shrestha Ghosh, Satamita Deb, Sabyasachi Bhattacharya,
Apurba Sarkar, Subhrangshu Mandal, Moidu Jameela Rameez, Moushumi Bhattacharyya,
Poulami Ghosh, Madhu Manti Patra, Saikat Deb, Megha Chakraborty, Rahul Shaw, Anik
Barman, Mriganka Munshi Karmakar, Nibendu Mondal, Suman Basu, Rinita Dhar, Jagannath
Sarkar, Sumit Chatterjee, Subhajit Dutta. RA : Dr. Debarun Acharya, Dr. Avijit Das, Women
Scientist : Dr. Madhumita Roy, Dr. Shreya Sengupta.

Staff Members: Saifullah Gazi, Prabir Kumar Haldar, Debashis Sarkar, Rabin Paul, Narayan
Patali.
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Scientific Report

Background and Vision:

TB is a significant disease worldwide, especially in India, a country that contributes about 20%
towards the global TB burden. We investigate the molecular biology of Mycobacterium
tuberculosis, the TB pathogen using mycobacteriophages. Our fundamental vision is that we may
devise new methods to inactivate mycobacteria by understanding how mycobacteriophages infect
and kill mycobacteria. We are mainly focused on a phage named D29 with which we have been
experimenting for many years and therefore gathered considerable experience. We are also
investigating aspects of mycobacterial metabolism using state-of-the-art tools such as CRISPR
Cas and NGS analysis of RNA.
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Aims and Objectives:

a. In the area of mycobacteriophage research our objective is to investigate the mechanism
by which expression of genes belonging to theD29 genome is regulated in a temporal
manner using proteomic and molecular tools

b. Investigate how D29 phageinactivates its mycobacterial host and use the information
derived for the development of drugs against TB.

c. To study mycobacterial metabolism and mechanism of initiation of cell cycle under
nutrient starved and nutrient rich conditions.

Work Achieved:

We have used the CRISPR cas technology to explore why mycobacteria prefer to use glycerol
over glucose to grow. Using Mycobacterium smegmatis (Msm) as our model system, we have
analyzed how glycerol and glucose influence central carbon metabolism. We have demonstrated
that glycerol promotes the accumulation of the metabolite Glucose 6 phosphate (G6P), which
helps Msm to fight against oxidative stress. Surprisingly, glucose does not favor the
accumulation of G6P but does the opposite — it induces the disappearance of this metabolite by
increasing the expression of the enzyme G6P dehydrogenase (G6PDH). A CRISPR block that
results in the inhibition of the expression of zwf, the gene encoding G6P dehydrogenase, leads to
a higher growth rate. We have found that the observed phenomenon is due to the presence of a
transcription factor in glucose-grown cells responsible for activating the expression of the
zwfgene. We are currently trying to identify this factor (refer to the cartoon below).

In another study, we are trying to understand the function of MSMEG_2295. MSMEG_2295 is a
TetR family protein encoded by the first gene of an operon that expresses the gene for DinB2
(MSMEG_2294), a DNA repair enzyme that can function as a translesion DNA polymerase.
DNA binding and functional assays revealed that MSMEG_2295 controls the expression of
multiple genes, including dinB2. Several of these genes code for proteins that influence central
carbon metabolism. The results obtained indicate that MSMEG_2295 is a global regulator that
controls genes, the products of which are involved in carbon metabolism, DNA damage repair,
and oxidative stress responses.
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The cartoon shows the possible mechanism behind the decreased growth of Mycobacterium
smegmatis (Msm) in the presence of glucose compared to glycerol. In glucose-grown cells, a
transcriptional factor is present at a high level that binds to the upstream region of zwf. It
activates its expression—the gene zwfcodes for the enzyme glucose 6 phosphate dehydrogenase
(G6PDH). The increase in G6PDH activity leads to the lowering of G6P, which is known to give
protection to Msm against oxidative stress. In glucose, Msm is unable to reduce oxidative stress
due to low G6P levels, so the cells are either killed or inactivated. In the presence of glycerol, the
factor is less active, and thus the opposite happens. G6P levels are high in glycerol-grown cells.
The net result is that in glycerol growth of Msm is far better than glucose
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Scientific Report

Background and Vision:

The booming chemical and biotechnological activities, serving the greedy needs of human, have
been contributing massive environmental pollution, imparting major health problems in humans
and also perturbing the eco-systems. Microbial bioremediation is a sustainable tool with
significant prospective, such as expression of genes of interest which have unique and robust
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catabolic potentials in the degradation of wide range of pollutants under eco-friendly conditions.
The pool of information regarding microbial remediation processes, with respect to catabolic
pathways, gene regulation, enzyme evolution and biosensor-based monitoring of pollutants, can
provide a wide window in evaluating key areas on environmental management. Additionally, it is
important to understand the indigenous microbiota in different host, which are no longer passive
bystanders, but do participate in a wide range of complex interactions with their host. Also, the
burgeoning field to understand host pathogen relationships and therapeutic microbiology
supposed to aid in the manipulation of the indigenous microbiota in order to promote the health
of host.

Summary of Research Work:

To unveil the catabolic diversity and metabolic versatility of bacterial strains capable of
degrading Endocrine Disrupting Chemicals (EDC), various strains belonging different genera
were isolated by employing enrichment culture technique. Biochemical analysis of metabolic
pathways in individual strains was evaluated using respirometric and spectrophotometric studies,
besides LC-MS and GC-MS analyses. Based on the biochemical analysis of potential degraders,
de-novo whole genome sequencing was conducted for a few of the isolates, which aided in
identification of the involvement of putative genes/gene-clusters. Further, to understand
differential expression of genes/operons, transcriptome analysis has been undertaken, which will
furnish information in cloning and characterization of key catabolic enzyme(s) and also help to
understand induction profiles of the degradative strains in order to develop biosensor strains of
interest. Simultaneously, a few potential bacteria capable of degrading alkylphenols, specifically,
nonyl phenol (NP) and octyl phenol (OP) were isolated and whole genome sequencing was done
to analyze relevant genes/phage to reveal catabolic machineries and bacterial evolution including
horizontal gene transfer mechanisms.

To address a different objective, biochemical and molecular approaches were undertaken to
understand metabolic cross-talk between the catabolic pathways of the degradation of 2-, 3-, and
4-hydroxybenzonitriles (cyanophenols), in a naphthalene degrader Burkholderia sp. strain BC1
sharing common metabolic intermediates. This hypothesis is being evaluated by comparing
induction profiles of respective catabolic pathway enzymes of individual pathways vis-a-vis
substrate specificities, while genomic and transcriptomic approaches are underway to reveal the
processes.

In pursuing other aspect of research, mangrove associate Suaeda monoica (Fig.1) was selected
for study of novel bioactive compounds present in root, shoot and leaf of the plant (Fig. 2). In
addition, both culture-dependent and culture-independent approached were undertaken to reveal
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microbial profiles and their relationship within
plant rhizosphere soil, non-rhizosphere soil,
apart from that present in plant root, shoot and
leaf. Genome mining of selected strains is
underway to elucidate the gene clusters
involved in secondary metabolite production,
where one of the isolates, Bacillus velezensis
strain Endo_51, showed the presence of two
RiPP clusters encoding Lanthipeptide class Il
and lactococcin 972 family of bacteriocin and
four NRPS gene clusters encoding lipopeptide
antibiotic surfactin, bacillibactin siderophore
and antimicrobial peptides, bacilysine and
bacitracine. The bacterium also possessed seven
different types of PKS gene clusters. Among
them one cluster was found similar to that for E
amyloliquefaciens FZB42 and pksX in B. subtili:
metabolite producing gene clusters, RiPP, NRI
synthesis of tropane, piperidine, pyrimidine, alk
cephalosporin etc.
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Fig. 1. Images of Suaeda monoica. (A)
Sample collection site, (B) isolated plant, (C,
D) Enlarged view of leaves and stems with
emerging inflorescence, (E) Matured
inflorescence.

A so- ;
o [ Leaf B . M Leaf . . .
2 40— M Root-shoot —_— [l Root-shoot Flg 2. Quantlflcatlon
. 2 Z .
%3 30- e of  phenolics (A),
== £ = 4 .
£EE - s fIav0n_0|ds (B),
£ o E - saponins (C) and
. condensed tannins (D)
‘]_ = -
S EFLES & @»“e & & & in the leaf and root-
W O ¢ iR O shoot extracts of
3 A & .
& = Suaeda monoica.
c D " [ Leaf TWO-Way ANOVA
a & [ Leaf []Root-shaot . I Root-shoot showed Signiﬁcant
°= .EA 1
L ng - differences at p values
2 gg < 0.0001 by Turkey’s
[ s -
%, g 2 & multiple range test.
3¢
0- .3
< o & K& QO & &
& & & o 0 & ¢ & & & £ & S
o & 8 %3 S & & & N & &9 P ¢
<

124



BOSE INSTITUTE ANNUAL REPORT 2020-2021

DR. TAPAN K. DUTTA

SCIENTIFIC REPORT Professor

While in another study, a soil isolate Pseudomonas aeruginosa, was exploited to evaluate its
antimicrobial properties. Presence of antimicrobial peptide was screened from culture supernatant
and purified using a series of chromatographic and molecular size-based membrane filtration
techniques. The identity of the molecule, found to be less than 2 kDa in size, is currently under
investigation using MALDI-TOF analysis to correlate genomic data for further cloning and
expression of the target antimicrobial peptide.

In another endeavour, Next-generation Sequencing (NGS) analysis was initiated to reveal
culturable and non-culturable microbial diversity of Hilsa (Tenualosa ilisha, an anadromous fish).
While, functional annotation of the NGS data was performed using PICRUSt bioinformatic tool.
Apart from microbial diversity, exploitation of metagenome data using various bioinformatics
tools, which will facilitate functional characterization of various important enzymes and/or
biosynthetic pathways of omega-3-fatty acids and flavors, are among the major future objectives.

In addition, studies on the host-pathogen interaction from molecular perspective using high-
throughput intraspecific and interspecific protein-protein interaction network data from human
and bacterial pathogens were deliberated. A comprehensive analysis revealed that these
interactions are mainly mediated by hub proteins of bacteria which attack mainly human party
hubs, affecting desired functional modules associated to pathogenicity. Moreover, both the high
affinity domain-domain interactions as well as low affinity intrinsic disorder-mediated
interactions play important role in human-bacteria protein-protein interactions. According to a
recently published report based on this study, we explored the attributes of the human-
bacteriaprotein—protein interaction (PPI) network from the available large-scale interspecific
interactome data of three pathogenic bacterial species, Bacillus anthracis, Francisella tularensis
and Yersinia pestis, for which large-scale high-throughput intraspecific and interspecific PPI data
are available.
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Scientific Report

Background and Vision:

Our Geomicrobiology Group explores the biosphere for novel molecular mechanisms (pathways)
of the evolutionarily ancient metabolism called sulfur-chemolithotrophy, which supposedly
originated in the high temperature, reducing environments of the early Earth.

Our laboratory also tries to reveal the in situ metabolisms, opportunities and constraints, and
geochemical manifestations of the microorganisms of the Carbon-Sulfur-cycle within
microbiomes that have active interfaces with the Earth’s geological processes. Of the various
microbiomes explored, the following biophysically-extreme habitats are under special attention.

e The geochemically-peculiar (neutral pH, silica-poor, but boron-, sulfide-, sulfate- and
thiosulfate-rich) hot spring systems of the Trans-Himalayas (Eastern Ladakh, India), where
our in situ studies have hypothesized that native geochemical and microbial factors can act as
potent determinants of the high microbial habitability of these high temperature
environments; this hypothesis is currently being tested on pure culture isolates.

e The hypoxic territories of the deep sea (namely, the perennial and seasonal oxygen minimum
zones of the Arabian Sea), where we are specifically focused on the sedimentary
microbiome, and its geological drivers and manifestations.
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Summary of Research Work:

Working with an alphaproteobacterial mesophile isolated from a sulfur-borax hot spring of Puga
Valley, Eastern Ladakh, we revealed the key roles of thermal conditioning, oligotrophic nutrition,
and in situ geomicrobial factors such lithium, boron and glycine-betaine, in conferring thermal
endurance to such microorganisms which are stochastically introduced into geothermal systems
and no close taxonomic relative of which grows above 45°C in vitro. In the sedimentary
biogeochemistry front of the Arabian Sea oxygen minimum zone, we discovered that
sedimentation rate and organic matter dynamics shape microbiomes across a continental margin
with little impact of bottom-water O, concentration. In a scientific social responsibility initiative,
we the geomicrobiologists re-purposed our basic genomics expertise to discover that positive
selection of non-synonymous mutations (dN/dS>1) occurred in most of the structural, but not the
non-structural, genes of SARS-CoV-2 (until Nov '20): this implied that the virus had already
harmonized its replication/transcription machineries with the host metabolism, while it was still
redefining virulence/transmissibility strategies at the molecular level.

Distinct microbiome structures and functions were discovered, amidst comparable pore fluid
chemistries, along 300 cm sediment horizons underlying the seasonal (shallow coastal) and perennial
(deep sea) oxygen minimum zones (abbreviated as SOMZ and pOMZ respectively) of the Arabian
Sea, situated across the western-Indian margin (water-depth of the SOMZ sediment horizon explored:
31 m; water-depths of the pOMZ sediment horizons explored: 530 m and 580 m). Along the
perennial-, and seasonal-OMZ, sediment cores (designated as SSK42/5 and SSK42/6, and SSK42/9,
respectively) microbial communities were dominated by Gammaproteobacteria and
Alphaproteobacteria, and Euryarchaeota and Firmicutes, respectively.

As a perennial-OMZ signature, a cryptic methane production-consumption cycle was found to
operate near the sediment-surface, within the sulfate reduction zone; overall diversity, as well as the
relative abundances of simple-fatty-acids-requiring anaerobes (methanogens, anaerobic methane-
oxidizers, sulfate-reducers and acetogens), peaked in the topmost sediment-layer and then declined
via synchronized fluctuations until the sulfate-methane transition zone was reached. The microbiome
profile was completely reverse in the seasonal-OMZ sediment horizon. In the perennial-OMZ
sediments, organic carbon deposited was higher in concentration and rich in marine components that
degrade readily to simple fatty acids; simultaneously, lower sedimentation rate afforded higher O,
exposure time for organic matter degradation despite perennial hypoxia in the bottom-water; the
resultant abundance of reduced carbon substrates eventually sustained multiple inter-competing
microbial processes in the upper sediment-layers. The entire geomicrobial scenario was opposite in
the sediments of the seasonal-OMZ. These findings create a microbiological baseline for
understanding carbon-sulfur cycling in distinct depositional settings and water-column oxygenation
regimes across the continental margins.
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Geographical and geological context of the pOMZ and sOMZ sites explored. (A) Schematic diagram
showing the position of SSK42/5, SSK42/6 and SSK42/9 (indicated by green color), relative to the
other SSK42 cores (indicated by pink color) reported elsewhere (Fernandes et al. 2018, 2020). Water-
depth is plotted to scale along the vertical axis of the diagram, while distances between the cores
represented along the horizontal axis are not in scale. Within the oxygenated water mass (light
turquoise shade) the mid-oceanic pPOMZ is indicated by blue shade. Sediment horizons underlying the
pOMZ are indicated by gray shade while those impinged by oxygenated water masses are indicated
by brown shade. (B-D) Age versus depth models and sedimentation rates along (B) SSK42/5 (based
on *C dates), (C) SSK42/6 (based on '“C dates) and (D) SSK42/9 (based on ?'°Pb, data).

Source of geological data: Dr. Aninda Mazumdar, CSIR-National Institute of Oceanography, India.
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Relative abundances of sulfate-reducers, methanogens, anaerobic methanotrophs, acetogens and
anaerobic sulfur-oxidizers along (A and D) SSK42/5, (B and E) SSK42/6 and (C and F)
SSK42/9. Variations in the relative abundances of sulfate-reducers, methanogens, anaerobic
methanotrophs and acetogens are shown in panels A-C, whereas the variations in the relative
abundance of anaerobic sulfur-oxidizers are shown (in comparison with sulfur-reducers) in panels
D-F. Relative abundance values plotted for sulfate-reducers, methanogens, acetogens and sulfur-
oxidizers are the percentages of metagenomic reads that matched genomic sequences from the
genera considered as representing these metabolic-types. The theoretical lines in the same color
code as the symbols represent the mathematical functions simulated for the distribution of the
different metabolic-types: solid and dashed lines represent zones of mathematically defined and
undefined distribution respectively.
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Acharya Jagadis Chandra Bose demonstrating his
self -designed instruments and experiments before
Foreigners at Bose Institute (1928)
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DIVISION OF MOLECULAR MEDICINE

OVERVIEW

The primary mission of this division is to understand the molecular architecture of different
cellular functions related to vital life processes, and also to unravel the complexities of a disease
processes such as neurodegenerative disorders, cancer, gastrointestinal pathogenesis, metabolic
disorders, malaria, filariasis etc. To achieve this, multidirectional chemical biology approaches
have been initiated by the faculties of this division to understand the fundamental aspects and
mechanism of tumor immunosuppression as well as glycobiology of tumor, protein misfolding-
induced neuro-degenerative disorders both at the cellular and molecular levels. Approaches have
been undertaken to identify natural products and natural product inspired synthetic bioorganic
molecules towards the development of novel therapeutics. In addition, identification of new anti-
malarial drug target, structure—function analysis of PfAlba, a family of P. falciparum DNA
binding protein and evaluation of the role of mitochondrial pathology in stress-related gastric
mucosal disorder and injury-induced by NSAIDS is also being carried out. The prime objective
of the division is to generate knowledge through cutting edge basic research and their
translational applications towards the development of therapeutics and disease diagnosis
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