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(2)acquiring foreign DNA. SauUSI enzyme offers a barrier for the entry of 
 foreign DNA and prevents the bacterial pathogen Staphylococcus 
 aureus from becoming resistant to the antibiotic vancomycin. On the 
 Cover is the crystal structure of SauUSI determined by Prof. Saikrishnan 
 Kayarat's research group. In this work, the group addresses the problem 
 of antimicrobial resistance by studying what makes SauUSI a potent 
 barrier (Tumuluri et al.,Nucleic Acids Research 49(4):2161-2178).
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Fostering a culture of excellence and expanding the frontiers of  knowledge,  IISER Pune is at the forefront of training the next  generation of scientists and informed citizens.


IISER Pune is an autonomous teaching and research organisation of the Ministry of 
 Education, Government of India. 


IISER Pune offers undergraduate and graduate programmes in Biology, Chemistry, 
 Earth and Climate Science, Humanities and Social Sciences, Mathematics, and Physics. 


Researchers at the Institute investigate a wide spectrum of topics in the basic sciences 
 as well as in applied areas of research.


The Institute is ranked 25 in the 2020 India Rankings of the National Institutional Ranking 
Framework (NIRF) in the overall category; 601-800 in the 2021 Times Higher Education 
(THE) World University Rankings; and is listed among the top 10 in India for research 
output by the 2021 Nature Index Tables.



(7)Faculty Members
131


 + 20 faculty fellows, 
 independent  scientists, 


and visiting faculty


Patents
 9 filed 
 10 published


1 granted
 Students 
1654


382 PhD, 
 201 Integrated PhD, 


and 1071 BS-MS


New 
55


Extramural 
 Grants 
 Garnered
 New MoU and
13


Agreements


10 National
 3 International


Non-Teaching 
131


Staff Members
 Postdoctoral 
62


Fellows


Publications 
489


in 2020


crores (in ₹)
103


Extramural 
 Funds 
 Received  
 Online outreach 
54


sessions by 
 Science Activity 


Centre 



HIGHLIGHTS 2020-21


crores (in ₹)
109 


Funds Received 
 from the 
 Ministry of 


Education


Numbers are as of March 31, 2021. 


Financial data rounded off to the 
nearest whole number.
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T
he events of the past year have made it clear that we have to inculcate in ourselves a 
 culture of safety for all we do on our campus. As an institute, we hope to encourage this 
 culture of safety and care, and extend it to all aspects of the way we function. We have all 
 to learn that we are not above the rules and regulations that govern the safety of everyone. We 
 must stop thinking that we, or our work, are too important to have to follow rules. The pandemic 
 is a good example of how even if a few people flout safety rules, it can affect the safety of 
 everyone. The pandemic has taught us that nothing is more important than to keep ourselves 
 and each other safe.

The COVID-19 pandemic is a time when we as an Institute have to stand together and look out 
 for each other. Though we have some measures in place to help us through, such as the vaccine, 
 the threat of the third wave still hangs over us.  It is all the more important that we look out for 
 each other as the fight against the pandemic continues. We are a society built on collectivist 
 ideals, and on coming together in times of strife. So we need to not only take care of ourselves, 
 but also take care of those around us - our neighbours and our fellow students and staff. We 
 know that just because we may have been vaccinated, does not mean that we are immune to the 
 disease. We know that we can still be a carrier of the disease. We need to keep that in mind as 
 we work and study.


Safety, consequently, becomes our most important prerogative, as an Institute. Though it is often 
 frustrating, difficult and stressful to keep up with health and safety regulations as measures and 
 policies change, it is essential that we remember that our biggest priority must always be each 
 other. As an institute, we are doing our best to ensure that we all stay safe and healthy, so that we 
 may be able to continue working in a normal and effective manner. Hence, we urge everyone to 
 stay as safe as they can, to respect the rules and regulations, and to adopt COVID-appropriate 
 behaviour at all times. We urge all Institute members to do their best for the Institute, which, in 
 turn, will do its best for the campus community. 


The recent fire in the chemistry labs, though a deeply unfortunate accident, has shown us the 
 importance of developing a cautious and thoughtful mindset when it comes to our work and 
 daily lives. We all need to make sure that we carry out our own individual activities, research or 
 otherwise, in a manner that does not affect the safety of others. Though we were lucky this time, 
 largely in part to the students and staff who were on site at the time of the incident and had the 
 courage and presence of mind to move the most dangerous and flammable substances away 
 from the fire, we may very well not be so lucky the next time. The Institute has been prompted to 
 come out with more stringent safety measures, and importantly, to put in place better systems 
 to tackle any future such event as efficiently as possible. We urge everyone to follow, at all 
 times, the institute’s safety measures, and to imbibe a culture of safety, so we may all sleep safe, 
 knowing that we have each other’s backs. 



Foreword



(9)There are many who have worked very hard to keep us safe. Our COVID-19 Task Force has 
 done stupendous work in ensuring that our campus has remained relatively disease-free, 
 thereby making it possible for research and other activities to keep going even at the peak of 
 the pandemic this year. Our COVID-19 Testing Centre and COVID-19 Vaccination Centre have 
 played critical roles in keeping us safe. Our Clinic has worked with great dedication to make 
 sure that those infected received good hospital care even when hospital beds were very difficult 
 to come by, when the pandemic was raging this year. There are many also who have helped us 
 recover. In the past month, our engineering staff has done wonders to get most of the chemistry 
 department functional. Our technical staff had to confirm that hundreds of small instruments 
 are in working order. It is only because of the dedication of our engineering and technical staff, 
 and that of our housekeeping staff, students and faculty, that research activities could restart 
 within a month of the fire incident. We can all be justifiably proud that we have stood together 
 as a community. 


Finally, no appeal for a culture of safety on campus has much meaning, unless we give 
 prominence to the need to ensure the safety of women. A year ago, Kalpa did us all a great 
 service by publishing an article highlighting instances of misogynistic and sexist behaviour on 
 campus. Such behaviour only leads to women feeling unsafe on the campus. It must stop. 


We need to remember that our freedom as a campus community does not come without 
 struggle, and without individuals coming together under a single goal. We all need to stay safe, 
 be considerate, be compassionate, and be wise, and we will all come out the other side as better 
 people.


Jayant B. Udgaonkar
Director, IISER Pune
August 24, 2021 
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I 
present here the Annual Report of the Institute for the duration April 2020 to March 2021. The 
 year 2020-21 was marked by the COVID-19 pandemic. Advised by the COVID-19 Task Force, 
 the IISER Pune leadership and administration addressed the practical aspects of dealing with 
 the pandemic such as moving to online teaching and managing physical distancing and safety 
 measures on campus. Through the efforts of volunteers from among faculty members, students, 
 and staff from the institute, a COVID-19 testing centre was set up on campus. Some of our 
 researchers initiated COVID-19 research, and others reached out to the community within and 
 around the campus.

We had seven new faculty members join the institute in the past year. They were Raghav Rajan 
 and Nishad Matange (Biology); Arjun Datta (Earth and Climate Science); Pooja Sancheti 
 (Humanities and Social Sciences); and Moumanti Podder, Haripada Sau and Divyang Bhimani 
 (Mathematics). We wish them the best, and we are sure they will do very well, for themselves and 
 meet the expectations of the Institute.


We have 131 faculty members in our six departments. Our student strength is 1654 students, 
 with 1071 BS-MS, 201 Integrated PhD, and 382 PhD students.


The total number of research publications since inception, from 2006 to 2020, is 3334, with 
 489 publications during 2020 calendar year. Nine patent applications were put in and ten 
 published by our faculty members during the 2020 calendar year. An Indian patent application 
 for hydrophobin mimics by Britto Sandanaraj and team was granted during 2020.


Our faculty members continued to garner extramural funds. In the past year, the Institute 
 managed a total of 192 extramural projects, and our faculty members secured 55 new projects. 



Director's Report



(11)Two new initiatives were launched during 2020-21: the Centre for Water Research and the 
 I-Hub Quantum Technology Foundation. 


The Centre for Water Research (CWR) was constituted in November 2020. It draws upon 
 expertise from faculty across different departments at the institute including Biology, Earth 
 and Climate Science, and Humanities and Social Sciences. The CWR aims to generate 
 interdisciplinary knowledge about water systems, including their history and heritage, resource 
 management and sustainable use, and to train the next generation of scholars to look at water 
 from an integrated/multi-dimensional lens.


The I-Hub Quantum Technology Foundation has been set up as a Section 8 company at IISER 
 Pune, with support from the Department of Science and Technology. The I-Hub is set up with the 
 aim to develop quantum computers and novel quantum materials for day-to-day applications. 


Led by members from the Physics department of the institute, this hub will have participation 
 from up to 13 research groups from the institute and will network with over 20 participating 
 institutes from within the country and also several collaborators from foreign universities and 
 institutions.


The quality of research accomplishment at the Institute led to recognition in the form of 
 prestigious awards to faculty members. Anjan Banerjee was elected as Fellow of the Indian 
 Academy of Sciences, Bengaluru, elected as Fellow of the National Academy of Sciences, India, 
 and awarded the Tata Innovation Fellowship 2020-21 by the Department of Biotechnology; 


Anup Biswas was selected as a Swarnajayanti Fellow by the Department of Science and 
 Technology; Harinath Chakrapani was selected to receive the 2021 CRSI Bronze Medal by the 
 Chemical Research Society of India (CRSI), and won the S. Ramachandran National Bioscience 
 Award for Career Development for 2020-21 from the Department of Biotechnology; Partha 
 Hazra was selected for the Japan Society of Promotion of Science (JSPS) Invitation Fellowship 
 for 2020; M. Jayakannan was selected as a Pioneering Investigator 2021 by Polymer Chemistry, 
 an RSC Journal; Siddhesh S. Kamat received the CSIR-CDRI Award for Excellence in Drug 
 Research (Life Science Category) for 2021; Shabana Khan received the DST’s 2021 Science 
 and Engineering Research Board (SERB) POWER Fellowship, and received the Humboldt 
 Experienced Researcher Fellowship (2020); Moumita Majumdar was named as ChemComm 
 2020 Emerging Investigator; Nishad Matange was awarded the Intermediate Fellowship of the 
 DBT/Wellcome Trust India Alliance; Joy Merwin Monteiro was invited to become a Member of 
 the Editorial Board of Communications Earth and Environment; Angshuman Nag was selected 
 as a Swarnajayanti Fellow by the Department of Science and Technology; Rejish Nath was 
 selected as a Swarnajayanti Fellow by the Department of Science and Technology; Thomas 
 Pucadyil was elected as Fellow of the Indian Academy of Sciences, Bengaluru, and elected as 
 a Fellow of the Indian National Science Academy; Sunish Kumar Radhakrishnan was awarded 
 a Senior Fellowship of DBT/Wellcome Trust India Alliance; Sudipta Sarkar was elected as 
 a Fellow of Geological Society of London, U.K.; Seema Sharma was elected as Fellow of the 
 Indian Academy of Sciences, Bengaluru; Sreejith G.J. was awarded the Indian National Science 
 Academy’s Young Scientist Medal for 2020; and S.G. Srivatsan received the Sun Pharma 
 Research Award in Pharmaceutical Sciences 2020, received the National Prize for Research on 
 Chemistry of Peptides and Nucleic Acids 2020, and was selected for the Chemical Research 
 Society of India (CRSI) Bronze Medal for 2020.


Eight PhD students and 5 Integrated PhD students were selected for the Prime Minister's 
Research Fellowship (PMRF) during the year. A team of 14 students won a gold medal at 
the 2020 International Genetically Engineered Machines (iGEM) contest where close to 250 
teams participated in the competition internationally. This is the first gold medal from an iGEM 
competition awarded to a team from IISER Pune. The team also bagged the iGEMer’s Prize, 



(12)i.e., they were officially voted the best undergraduate team project by all the other teams in the 
 competition.


The Institute signed MoUs with University of Glasgow, U.K. (was renewed for the next 3 years); 


School of Engineering, Osaka University, Japan; and Johns Hopkins University, U.S.A. to support 
 academic collaboration. A MoU was signed with King’s College London to enable building on a 
 partnership forged during the pandemic. A MoU with Max-Planck-Gesellschaft (MPG), Germany 
 with all seven IISERs was renewed to support research collaboration and faculty exchange 
 between the organisations.


IISER Pune signed 15 agreements / MoU’s, of which 10 are new and 5 ongoing ones received 
 an extension with extended terms, during 2020-21 with the following industries and academic 
 organisations for collaborative research projects: Bombay Natural History Society; Accurate 
 Gauging & Instruments Pvt. Ltd.; IARI-Pune; ACTREC Mumbai; Shiv Nadar University; C-CAMP 
 Bengaluru; University of East Anglia (U.K.); Venbiotech Pvt. Ltd.; University of Edinburgh; and 
 Rudra Nanotech Pvt. Ltd. 


The agreements with Pilkington Technologies Management Limited, England; KPIT Technologies 
 Limited; Dentsply Sirona Implants, Sweden; and Zumator Biologics Inc. received an extended 
 term of partnership. Agreement with Cipla Foundation enabled support to IISER Pune COVID-19 
 Testing Centre. 


Every year, a very large number of school students and teachers would visit the Smt. Indrani Balan 
 Science Activity Centre (SAC) on campus. Owing to the COVID-19 pandemic, as physical visits 
 have been halted during 2020-21, the SAC team moved their activities online. The team initiated 
 a series of online live demo sessions of Science and Math activities for school students and 
 teachers on the IISER Pune Science Activity Centre YouTube channel. The SAC has conducted 
 a total of 54 successful online demo sessions through YouTube Live and via webinars, which 
 connected more than 1 lakh people including students and teachers from different parts of the 
 country. 


During the year, the Science Media Centre (SMC) on campus conducted five science 
 communication training workshops online, three of which were supported by National Council 
 for Science & Technology Communication (NCSTC), one by IUCAA Pune, and one by Vigyan 
 Prasar. Connecting with the citizens of Pune and beyond during the COVID-19 pandemic, the 
 SMC broadcasted four episodes in English and three in Marathi in a series called, "10 Questions 
 to 10 Punekars". 


Three of the films produced by the Science Media Centre went on to win awards. “The Trials and 
 Triumphs of G N Ramachandran” received the Best of Festival Award in the 6th International 
 Science Film Festival of India (ISFFI); “Sir Fred Hoyle; The Man Ahead of Time” received the 
 Poonam Chaurasia Memorial Award in the 10th National Science Film Festival of India (NSFF); 


and “Superhydrophobic and germicidal nano-coating for PPE” won third prize in the Science 
 Through My Eyes Film Competition 2020 by INSA-SERB under the category of Working 
 Professionals.


This year saw generous support from our partners and benefactors towards COVID-19 related 
activities, and towards research and student development. Support from ICICI Lombard General 
Insurance Ltd., Cipla Foundation, Integrated Decisions and Systems India Pvt. (IDeaS), and CAF 
Target Funds enabled the procurement of equipment, consumables, and safety gear for use at 
the COVID-19 Testing Centre.



(13)Persistent Foundation supported a study of sero-surveillance of COVID-19 in Pune city, a project 
 which was implemented by IISER Pune faculty members in collaboration with Savitribai Phule 
 Pune University (SPPU). Xytel India Ltd. supported the procurement of equipment required for 
 research activities on infectious diseases. 


Dr. Sara Ahmed provided a generous endowment for the newly established Centre for Water 
 Research (CWR) at IISER Pune. Precision Wires Ltd and Coriolis Technologies Pvt. Ltd. have 
 extended support to research activities on campus.


Infosys Foundation, Siemens Ltd., Xytel India Ltd., IDeaS, Trimurti Fabricators Private Limited 
 and Twenty-Twenty Interior Design Software India (P) Ltd. supported tuition fee waivers, PhD 
 fellowships, scholarships, research, and Best Thesis awards for students. Considering the 
 constraints posed by the pandemic, Innoplexus Ltd. has topped up their grant amount towards 
 travel awards for students and will make the awards available upon resumption of travel. Scivic 
 Engineering Ltd. has offered support to some of the students for their extended PhD duration 
 due to the lockdown during the year. 


Eppendorf India Ltd. and Praj Industries continued their support for outreach activities, and the 
 Science Activity Centre and the Community Service Group formed during the pandemic have 
 both received support through crowdsourcing from within the institute community and members 
 of the public. 


Finally, it is my pleasure to acknowledge the counsel and support of the members of the Board 
 of Governors. They provided sensible advice for the proper running of the Institute. Shri Sudhir 
 Mehta took over as the new Chairperson of the Board of Governors, and the Institute has 
 benefited much from his wisdom.


Jayant B. Udgaonkar
Director, IISER Pune
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I
n March 2020, when the COVID-19 pandemic broke out, IISER Pune began to implement 
 steps to prevent the spread of the infection. Various committees and individuals such as from 
 the Institutional Committee on Administration, Medical Committee, and Deans for Academics, 
 Student Activities, Faculty, and Research & Development worked to prepare guidelines on 
 different activities of the institute. Among the early measures was to suspend all classes and 
 allow students residing in hostels to return to their homes before travel restrictions came 
 into place. This was shortly followed by a lockdown across India owing to increasing cases of 
 COVID-19 infection, the epidemiology and pathology of which were not yet well understood by 
 the medical community and public health officials at that time. 

During the months that followed, faculty members and the academics office managed an urgent 
 transition to online teaching with support from our IT team members, while also coming up with 
 ways to reach out to students with limited or no internet access. Led by the COVID-19 Task 
 Force, the IISER Pune leadership and administration addressed the practical aspects such as 
 repopulating the campus in phases and formulating standard operating procedures for campus 
 activities. The campus clinic and medical personnel, staff from the administration, housekeeping, 
 security, and various other institute staff and faculty members contributed to this effort to ensure 
 physical distancing and safety measures on campus. 


Now, a year and more later, armed with new knowledge about COVID-19 infection and with 
 vaccines against the virus, the pandemic seems to have eased but with the possibility of its 
 appearance in waves. The campus is functioning with caution and with physical distancing and 
 masking measures in place.  


In May 2020, a COVID-19 testing centre was set up on campus. This was run by volunteers 
 from among faculty members, students, and staff from the institute. Some of our researchers 
 initiated COVID-19 research and a few others reached out to the community within and around 
 the campus. Some of these activities carried out during 2020-21 are described below. 



IISER Pune's Efforts Against COVID-19



(18)COVID-19 Testing Centre


Expanding the testing capacity was a critical element in the management of the COVID-19 
 pandemic, especially right after the pandemic began during March 2020. As a research 
 institution, IISER Pune had the infrastructure and technical know-how required for conducting 
 tests. The institute's Action Committee on COVID-19 initiated setting up of a COVID-19 testing 
 centre on the campus. 


With the help of volunteers from within the IISER Pune community including students, staff and 
 faculty members, the Centre commenced testing activities on May 21, 2020. Throat and nasal 
 swab samples arriving from government hospitals were tested for the presence of the virus 
 causing COVID-19 using an ICMR approved kit. The Centre ran its activities till June 19, 2021, 
 when the requirement subsided. During this time, the volunteers at the Centre had tested over 


~53,000 swab samples.    


Research at IISER Pune on COVID-19 and SARS-CoV-2


The COVID-19 situation prompted our researchers apply their expertise to learn about the virus 
 and address the challenges posed in the management of the disease. These research activities 
 were on the following topics:


•  Ventilator


•  Diagnostics


•  Vaccines and Drug Candidates


•  Understanding the spread of the pandemic


•  Molecular studies of SARS-Co-V2


Here is a list of research projects initiated by IISER Pune members to understand and manage 
 the COVID-19 pandemic. 


•  Design and fabrication of low-cost ventilators (Dr. Umakant Rapol, Dr. Sunil Nair and team) 


•  Making superhydrophobic  and  germicidal  nano-coating for personal protection equipment 
 (PPE) (Dr. Atikur Rahman) 


•  Generating oxygen through chemical means (Prof. Srinivas Hotha, Dr. Umakant Rapol, Dr. 


Sunil Nair in association with IIT Delhi)


•  Assessing if early detection of olfactory dysfunctions (loss of the sense of smell) can be 
used as a screening method for COVID-19 patients (Dr. Nixon Abraham and team, with 
collaborators from BJ Government Medical College and Sassoon General Hospitals, Pune).  



(19)At the beginning of this work in April 2020, the team had circulated a questionnaire with 
 a test for sense of smell that anyone can do using simple substances from around them. 


Following this, the team went on to develop a non-invasive method to study loss of smell 
 in COVID-19 patients. Their observations are reported in a paper in the journal e-Clinical 
 Medicine (28:100575).


•  Making an ultra-sensitive nano-biosensor platform for field effect transistor-based point-
 of-care detection (Dr. Atikur Rahman)


•  Developing a carbon nanotube (CNT)-based surveillance diagnostic tool for detecting the 
 SARS-CoV-2 virus (Dr. Ashna Bajpai, Dr. Sunil Nair, with collaborators from Stellargene)


•  Synthesis of oligonucleotide probes for COVID-19 detection (Prof. S.G. Srivatsan and team; Center for 
 Excellence in Indigenisation of Diagnostics (InDx) project funded by C-CAMP, Bengaluru) 


•  Developing a rapid and low-cost diagnostic test for COVID-19 using synthetic biology: This 
 work was initiated under the Shastri COVID-19 Pandemic Response Grant (SCPRG) by Dr. 


Chaitanya Athale's group in collaboration with Dr. Keith Pardee from University of Toronto, 
 Canada. The team’s results demonstrated their ability to encode RNA viral sequences in 
 laboratory settings. The team is working on testing for specificity and sensitivity. Additionally, 
 the team received preliminary results for in-house substitution of cell free extracts (CFE) 
 that form the basis of this kind of paper-based diagnostics.


•  Identifying potential lead candidates against SARS-CoV-2 (Dr. Britto Sandanaraj and team)


•  New and repurpose existing drugs to inhibit spike protein/ACE2 interaction (Dr. Arnab 
 Mukherjee and team, with collaborators from IGIB, New Delhi): Some of this work has been 
 published in May 2021: Chemistry-An Asian Journal (16:1634-1642).


•  Targeting SARS-CoV-2 Nsp13 helicase for structure-based inhibitor design (Dr. Saikrishnan 
 Kayarat, Dr. M.S. Madhusudhan and team with collaborators from NCL, Pune and IISER 
 Thiruvananthapuram)


•  Exploring the use of amphiphilic heparan sulfate mimetics as antivirals for COVID-19 (Dr. 


Raghavendra Kikkeri, with collaborators from the University of Queensland): Here is a 
 publication on this work from May 2021: iScience 24 (5):102479.


•  Assessing the spread of COVID-19 in Pune city through epidemiological and serological 
 survey along with the evaluation of immune responses to SARS-CoV-2 infection (Dr. Aurnab 
 Ghose and team, with SP Pune Univ., THSTI, Faridabad, CMC, Vellore and Pune Municipal 
 Corporation, with support from Persistent Foundation).


•  An infectious diseases hazard map for India with predictive capabilities: This map has 
 been produced based on transportation networks and mobility patterns with predictive 
 capabilities. The map gives hazard values for about 450 cities and towns in India with a 
 population of more than 1 lakh. An online resource for this hazard map has been made 
 available in June 2021 (Prof. M.S. Santhanam, Dr. G.J. Sreejith, Dr. Sachin Jain and team)


•  Generating knockout mice for ACE2 receptor as a model for studying COVID-19 
pathogenesis: The team generated ACE knockout models and established the line for ACE2 
knockout. Currently, animals are in active breeding and available for the use of researchers 
across the country. (Prof. Sanjeev Galande and team)



(20)•  Assessing the emergence of SARS-CoV-2 variants and their contribution to viral 
 transmission, virulence, clinical outcomes, re-infections and breakthrough infections (Dr. 


Krishanpal Karmodiya, Prof. Sanjeev Galande, Dr. Aurnab Ghose, Prof. L.S. Shashidhara, 
 (Ashoka University and IISER Pune), and Dr. Joy Monteiro from IISER Pune along with 
 National Chemical Laboratory Pune and with support from Persistent Foundation, Pune 
 Knowledge Cluster and Pune Municipal Corporation).


COVID-19 Data Curation and Analysis for Pune City 


COVID-19 testing, patient and contact tracing data collected by the Pune Municipal Corporation 
 was curated and analysed by IISER Pune researchers to provide decision support to the local 
 administration in the matters of geographical spread and differences in the public health 
 response of different wards in PMC. This information was also used in forecasting sub-city level 
 requirements of critical care infrastructure and deaths. (Dr. Joy Merwin Monteiro and team from 
 IISER Pune, Prof. L.S. Shashidhara (Ashoka University and IISER Pune), Dr. Sarika Bhattacharya 
 and Dr. Anu Raghunathan (CSIR-NCL, Pune), Pune Knowledge Cluster, Dr. Bhalchandra Pujari 
 (SP Pune University, Pune) and Dr. Vidya Mave and team (Johns Hopkins branch in Pune)
 Public Engagement and Community Service Efforts by IISER Pune Members


Several institute members contributed in their individual capacity to help debunk myths 
 surrounding the disease and aid the public understanding of the science behind the functioning 
 of the virus and on ways to target the virus, while also urging the public to follow government 
 advisories on physical distancing and lockdown measures.


Members from the MANAV team on campus were involved in creating a tool that can curate 
 COVID-19 related published information from Twitter and rate content and make it easily 
 accessible to a general readership. 


A Community Service Group (CSG) comprising IISER community members and staff ensured 
 dissemination of accurate information about the pandemic and safety measures, in localities 
 around the Institute and among families associated with the Institute. The CSG crowd-sourced 
 the acquisition of masks, soaps, sanitizers, and hygiene kits for IISER Pune staff workers, and 
 these were distributed to staff and their families and visitors to the campus.  Given the urgency 
 of the situation, the CSG focused on construction workers and their families, about eighty of 
 them, that were stranded on campus. A fundraising appeal was sent to the IISER community 
 including faculty, staff and students. These funds were used to provide two rounds of dry ration, 
 some fresh produce, clothes, toys, and books during the first lockdown. Some of the other 
 contributions made by the CSG included primary health care and medical advice.


During the lockdown, Smt. Indrani Balan Science Activity Centre at IISER Pune began a weekend 
 live science and math demo series to engage with students and educators through the online 
 medium.


Equipment used for testing for the sense of smell in asymptomatic 
 COVID-19 patients


Laboratory prototype of ICU ventilator
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Research Report Publications and Patents Extramural Grants Awards and Honours Memberships and Affiliations



22 58 64 66 68



Activities 

Achievements and 
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R esearch at IISER Pune aims to reach a  fundamental understanding of how the physical  world works. Responding to the challenges  posed by the COVID-19 pandemic since March 2020,  some of our faculty members are applying their  expertise to understand SARS-CoV-2 virus and to  manage the pandemic.



The year 2020-21 saw two new research initiatives  from the institute: the Centre for Water Research  (CWR) and the I-Hub Quantum Technology  Foundation (I-Hub). The CWR aims to generate  interdisciplinary knowledge about water systems,  including their history and heritage, resource  management and sustainable use. I-Hub has been set  up as a Section 8 company at IISER Pune, with support  from the Department of Science and Technology. 



The I-Hub aims to develop quantum computers and  novel quantum materials for day-to-day applications.



IISER Pune has performed consistently in terms  of obtaining research publications from work  carried out at the Institute, in the number of patent  applications filed during the year, and in the  extramural funding garnered. Read through the pages  of our research report across our departments for a  glimpse of the diverse areas of work being pursued.



RESEARCH  REPORT



Publications in 2020  TOTAL: 489


BIOLOGY
118


CHEMISTRY
117


EARTH AND 
13


CLIMATE  SCIENCE


HUMANITIES AND 
02


SOCIAL SCIENCES


MATHEMATICS
43


PHYSICS
196
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1. BIOLOGY          



1.1 BIOCHEMISTRY AND BIOPHYSICS


Biological mechanisms of lipid signaling pathways 


The advent of genome sequencing technology has resulted in an explosion of available protein 
 sequences. Concomitant with the rising number of sequences, the propagation of annotation 
 errors or lack of annotation, have become more prominent throughout databases that rely heavily 
 on high-throughput computational predictions of protein function without much experimental 
 support. Understanding the genetic basis for rare hereditary human disorders has also greatly 
 benefited from tremendous advances in DNA sequencing technologies. Human genome mapping 
 projects and sequencing have, to date, facilitated determination of the genetic basis for over 
 4,000 inherited diseases, with additional pathogenic mutations still being discovered. However, 
 it is also becoming apparent that as a greater number of disease-causing mutations are being 
 mapped, many of the affected genes encode unannotated proteins. Thus, assigning biochemical 
 and cellular functions to such proteins is critical to achieve a deeper mechanistic understanding 
 of these pathological disorders and for identifying potential therapeutic interventions for them. 


While there are several established high throughput platforms to study DNA (genomics), RNA 
 (transcriptomics) and proteins (proteomics), there is a large disconnect thereafter in terms of 
 biochemical technologies available that relate protein activities (in particular, enzyme activities) 
 to their endogenous substrates and products (see Figure). 


The long term goal of Dr. Siddhesh Kamat’s group is to build on emerging biochemical platforms 
 to enable us to identify and understand as-of-yet uncharacterized lipid signalling pathways in 
 vivo, annotate their metabolic enzymes and cognate receptors that regulate their biology and 
 provide new physiological insights and treatment paradigms for orphan and/or emerging human 
 neurological and immunological diseases.


Figure 1:  


Overview of candidate global profiling methods. 


Standard genomics, transcriptomics and proteomics 
 measure  DNA, RNA and Protein abundance, 
 respectively. In contrast, the emerging biochemical 
 technologies, ABPP and metabolomics measure key 
 functional aspects of enzymes, i.e. their activity and 
 endogenous substrate/products, respectively.  


(Dr. Siddhesh Kamat’s Group)


Mechanisms of nucleotide-dependent restriction enzymes


Dr. Saikrishnan Kayarat’s laboratory is working on understanding the mechanism of NTP-
 dependent restriction-modification enzymes. The group determined the crystal structure and 
 the mechanism of SauUSI, an ATP-dependent restriction enzyme, which is a potent barrier to 
 horizontal gene transfer and antibiotic resistance acquisition in Staphylococcus aureus. The 
 study unraveled a hitherto unknown mode of DNA cleavage that results in multiple breaks of the 
 double-stranded DNA between two target sites of the enzyme. The group also demonstrated 
 the significance of ATP-dependent DNA translocation by Type ISP restriction-modification 
 enzymes in activation of the nuclease.


The group has also initiated biochemical and structural studies of the proteins involved in the 
replication and transcription of the SARS-CoV2 genome. The aim of the study is to understand 
the mechanism of action of these enzymes, and also to discover therapeutics against them.



(24)Cell motility and bacterial cytoskeleton


Dr. Gayathri Pananghat’s research is on understanding the molecular mechanism of motility and 
 cell shape determination based on the bacterial cytoskeleton using Myxococcus xanthus and 
 Spiroplasma as model systems. A few highlights of this year’s achievements are listed below: 


•  The group has determined the structure of a novel polarity determining protein in Myxococcus 
 xanthus, RomX. Studies are underway to characterize its interaction with other partners in 
 the polarity-determining pathway such as RomR, MglA and MglB.


•  Structures of FtsZ from the cell wall less organism Spiroplasma have helped us observe 
 an intermediate conformation which provides the structural basis of kinetic polarity of FtsZ 
 filaments and why it is opposite to that of microtubules, along with supporting biochemical 
 and mutational data.


•  Structure determination and membrane-binding characterization of the cytoskeletal proteins 
 of Spiroplasma and their visualization using cryotomography is in progress.


Understanding protein machines that catalyse membrane fission


Membrane fission of organelles requires the enclosing lipid bilayer to be brought to close 
 proximity, which from theory represents a distance of separation of ~ 5 nanometers. Since 
 organelles are of much larger dimensions, fission necessitates topological transformation of 
 organelles into a highly curved tube-like intermediate. Using arrayed membrane nanotubes that 
 mimic such curved intermediates, Dr. Thomas Pucadyil’s group screens tissue lysates for fission 
 activity and identify the sets of proteins that contribute to such activity (see Figure). The group 
 then purifies and reconstitutes the functions of such proteins to better understand how they 
 work. The hits that emerge from the screen are tested for cellular function by making knock-out 
 models and analysing morphological changes to various membrane compartments.


Figure 2:  


The image shows severing of an array 
 of membrane nanotubes in presence 
 of cell lysate. 


(Dr. Thomas Pucadyil’s Group)



1.2 CELL AND DEVELOPMENTAL BIOLOGY


DNA damage and maintenance of genome integrity 


Dr. Mayurika Lahiri’s group has been investigating the process by which genome instability or 
lipid mediators in the micro-environment can lead to cellular transformation of breast epithelial 
cells using three-dimensional breast acini as a model system. Recent studies have shown chronic 
PAF (a lipid mediator) induction to lead to breast epithelial cell transformation. Other projects 
involve studies on deregulation of Api5, (anti-apoptotic protein) or TopBP1, (key checkpoint 
regulator) lead to cellular transformation in the breast acini. The group is working on finding 
out the molecular mechanism of such transformation. In order to understand whether any of 
these proteins can be used as bio-markers for the Indian population, Dr. Lahiri’s laboratory 
collaborates with Prashanti Cancer Care Mission (PCCM), Pune to use patient blocks to study 
the expression level of the proteins in the Indian population. The other research projects include 
investigating the post-translational modifications of Api5, and changes in microtubule dynamics 
following DNA damage.



(25)Molecular principles underlying animal development and disease


Dr. Girish Ratnaparkhi’s laboratory uses the fruit fly to understand the workings of the nervous 
 system, the host-defense system as well as their cross-talk. In the immune system the post-
 translational protein modifier, SUMO, regulates the immune response (Hegde et. al., 2020), 
 this being the focus of interest. Using SUMO conjugation resistant variants of immune proteins, 
 generated by CRISPR Cas9 genome editing, the group found that SUMO conjugation/de-
 conjugation works to fine tune the kinetics of immune signaling. In the nervous system, their 
 goal is to understand cellular/organismal mechanisms that lead to the initiation and progression 
 of Amyotrophic Lateral Sclerosis (ALS), a human neurodegenerative disorder. An underlying 
 common mechanism for ALS has yet to be elucidated, and the group’s approach is to understand 
 the relationships between different ALS-familial loci, which they believe will lead us to a 
 comprehensive understanding of mechanisms of disease. To that end, the group has discovered 
 the ALS1 and ALS8 are connected via the ROS signaling, while ALS8 and ALS14 are interacting 
 via an adapter, Caspar, a negative regulator of inflammation.


Regulatory processes that govern growth and development in bacteria


Dr. Sunish Kumar Radhakrishnan’s group is interested in understanding the fundamental 
 regulatory processes that govern growth and development in bacteria. Most bacteria utilise the 
 propeller-type nanomachine, flagellum as the primary organelle for locomotion in liquids and 
 semi-solid surfaces. The flagellar-assisted motility helps the newly-formed bacterial progeny to 
 swim out in search of new nutrient-rich niches such as host cells. In addition to motility, at the 
 time of invasion of host cells by pathogenic bacteria, flagella also play a crucial role in adhesion 
 of bacterial cells to host cell surfaces. During development, to ensure the inheritance of flagella 
 by the newly formed offspring, bacterial cells couple the flagellar assembly process to the cell 
 division process. However, the precise mechanism, and the molecules, that couple flagellation 
 to cell division has remained unknown. Through a combination of genetic, biochemical and 
 imaging-based approaches, the group has identified the underlying mechanism that couples 
 flagellar development to cell division in bacteria. As this regulatory process impinges on two 
 important events during bacterial development, the molecules operating in this process can be 
 exploited as drug targets while designing drugs to combat pathogenic bacteria (Ref: Siwach et 
 al. (2021) Developmental Cell 56:657-670).



1.3 CHROMOSOME BIOLOGY AND EPIGENETIC REGULATION


Epigenetics and transcriptional regulation in Plasmodium falciparum


Plasmodium falciparum infects millions and kills thousands of people annually the world over. 


With the emergence of artemisinin and/or multidrug resistant strains of the pathogen it has 
 become even more challenging to control and eliminate the disease. Multiomics studies of the 
 parasite have started to provide a glimpse into the confounding genetics and mechanisms of 
 artemisinin resistance. In order to explore the prevalence, geographical distribution and co-
 existing patterns of genetic markers associated with/enabling artemisinin resistance, the group 
 used genomic SNP datasets from 2517 isolates from 15 countries from the MalariaGEN Network. 


Dr. Krishanpal Karmodiya’s group has identified a number of mutations which are co-selected 
in artemisinin-resistant parasites. They have also explored the multiple, publicly available 
transcriptomics datasets to identify genes from key biological pathways whose consistent 
deregulation may be contributing to the biology of resistant parasites. This study highlights the 
genetic and gene expression features of resistant parasites to propel further exploratory studies 
in the community to tackle artemisinin resistance.



(26)Chromosome biology


Research in the Dr. Kundan Sengupta’s group is focussed on studying the molecular mechanisms 
 of nuclear organization and function on nuclear lamins in cancer cells and in cellular models of 
 differentiation. The group overexpressed the transcription factor (Twist1) in colorectal cancer 
 cells, which showed striking phenotypic and molecular signatures characteristic of Epithelial to 
 Mesenchymal Transitions (EMT). Remarkably, these studies revealed an increase in chromosomal 
 losses and gains, nuclear aberrations such as nuclear blebs, micronuclei. They also detected a 
 significant decrease in the levels of all three lamin sub-types, underscoring their contribution in 
 the maintenance of the mechanical and functional integrity of the nucleus. Furthermore, EMT 
 induction was accompanied by aberrant chromosome segregation involving multipolar spindles, 
 lagging chromosomes and anaphase bridges. Remarkably, Twist1 overexpression showed 
 a significant increase in DNA damage, further underscoring a novel role of Twist1 in inducing 
 genome instability, which enhances heterogeneity in the epithelial/mesenchymal (E/M) hybrid 
 sub-population – a major contributor of cancer progression.


Figure 3:  


Twist1 overexpression enhances nuclear 
 and mitotic aberrations in colorectal cancer 
 cells: (Top panel) Representative images of 
 nuclei acquired using a confocal microscope 
 showing nuclear aberrations upon Twist1 
 overexpression in colorectal cancer cells. 


Nuclei are stained with Lamin A that lines the 
 border of the nucleus, revealing nuclear blebs 
 and micronuclei, scale bar ~10 μm; 


(Bottom panel) Representative images 
 of mitotic aberrations showing anaphase 
 bridges, lagging chromosomes, and tripolar 
 spindles, scale bar ~10 μm


(Dr. Kundan Sengupta's Group)



1.4 ECOLOGY AND EVOLUTION


Ecology of plants


Work in Dr. Deepak Barua’s group examines the functional ecology of plants, to understand how 
 integration of anatomical, morphological and physiological traits translates to plant performance 
 under varying environmental conditions, and determines species interactions and distributions. 


Ongoing work investigating the physiological mechanisms underlying plant responses to high 
temperatures and drought is focused on elucidating responses of tropical trees to future global 
warming and climate change. Following up on previous work that showed that dry tropical forest 
trees are precariously close to their upper limits, they have quantified thermotolerance in trees 
from more mesic climates with greater water availability and are examining the relationship 
between tolerance to temperature and drought. Finally, in addition to approaches examining 
the underlying mechanisms for temperature and drought, the group is scaling up to community 
level responses to determine how future climates will affect ecosystem dynamics and function.



(27)Population dynamics


Dr. Sutirth Dey’s group investigated the effects of sex-biased dispersal (SBD) using Drosophila 
 melanogaster populations with varying dispersal propensities. In the presence of high-dispersive 
 mates, the dispersal of both male and female individuals was significantly increased. However, 
 the magnitude of this increase was much larger in males than in females, indicating that the 
 former shows greater mate-finding dispersal (Mishra et al, Journal of Animal Ecology, 2020). 


The group also conducted experimental evolution with Escherichia coli populations of two 
 different sizes in two nutritionally limited environments, and studied fitness trade-offs. They 
 found that although larger populations adapted more to their selection conditions, the E. coli also 
 became more maladapted to other environments, ultimately paying heavier costs of adaptation 
 (Chavhan et al, Evolution 2020). 


The group evolved Escherichia coli populations under two different conditions of UV exposures 
 followed by whole-genome whole-population sequencing. Their results suggest that selection 
 pressures at different physiological stages can lead to differences in the genomic signatures 
 of adaptation, which need not necessarily translate into observable phenotypic differences 
 (Selveshwari et al, Journal of Evolutionary Biology, 2021).


Evolution of appendage forms, functional genomics


By comparative genomic analyses and experimental validation, Prof. L.S. Shashidhara’s group 
 has shown that a single base-pair difference in the regulatory sequences of target genes of a 
 transcription factor could lead to major phenotypic diversity. They have discovered that the Hox 
 protein Ubx, which is involved in wing development in the model organism Drosophila (fruitfly), 
 binds preferentially to a TAAAT core sequence in Drosophila genome as against a TAAT core 
 sequence in Apis genome. Ubx shows higher affinity to bind to TAAAT motif than TAAT motifs 
 resulting in differential expression of corresponding target genes in Drosophila. This suggests an 
 intriguing evolutionary mechanism to explain a Hox protein such as Ubx can bring huge diversity 
 in wing number and morphology during insect evolution with minimal molecular changes.



1.5 NEUROBIOLOGY AND COMPUTATIONAL BIOLOGY


Olfactory information processing and decision-making 


Dr. Nixon Abraham’s group studies the neural basis of olfaction in health and disease. Along 
 with investigating the neural circuit mechanisms using rodent models, they also study olfactory 
 perception and decision-making in normal healthy human subjects and patients with olfactory 
 deficits using the olfactory-action meter the group developed in the lab. The group combines 
 state-of-the-art methods in molecular biology, automated behavioral training, and in vivo 
 imaging with optogenetic neural control to study information encoding in mouse models.


In one of the projects, they investigated the olfactory deficits of COVID-19 patients. The ongoing 
pandemic threatens the global community, because a large fraction of infected people are 
asymptomatic, yet effectively transmit SARS-CoV-2. Finding and isolating these silent carriers 
is a crucial step in confining the spread of the disease. Loss of sense of smell (anosmia) has 
been self-reported by COVID-19 patients from different countries, consistent with expression of 
the molecular factors mediating SARS-CoV-2 uptake into human olfactory epithelial supporting 
cells. To quantitatively assess the olfactory functions of asymptomatic COVID-19 patients, the 



(28)group designed an olfactory-action meter that determines a detectability index at different odor 
 concentrations and an olfactory matching accuracy score. The test can be performed in less 
 than 20 minutes and identifies 82% of asymptomatic SARS-CoV-2 carriers, despite the fact that 
 subjectively, only a few of the patients noticed a compromised ability to smell (Bhattacharjee et 
 al., 2020).


Neural mechanisms underlying movement initiation in songbirds


A central role of the brain is to respond to stimuli with the appropriate movement. The same 
 movement can be produced in response to an external stimulus or can be triggered by internal 
 stimuli. For e.g., you can reach out for a bar of chocolate because someone gave it to you or 
 because you are hungry. Dr. Raghav Rajan’s laboratory uses the zebra finch, a songbird, as the 
 model system to understand how the brain initiates movements. The song sequence of the adult 
 male zebra finch consists of a stereotyped sequence of sounds interleaved by silent gaps and 
 is about 0.5 to 1 second in duration. This song sequence begins with a variable number of short 
 syllables called introductory notes. In the last year, they have shown that these introductory 
 notes (just like song) are also learned from a tutor. The group has also been examining neural 
 activity in motor areas of the zebra finch brain, during the production of introductory notes, to 
 understand how birds switch from repeating introductory notes to initiating the song. 



2. CHEMISTRY



2.1 ORGANIC AND CHEMICAL BIOLOGY


Peroxide synthesis using metal catalyst


Continuous-Flow chemistry is a fascinating and emerging technology in continuous production 
 for both short and multistep synthesis due to its several advantages over a batch process. In this 
 direction, Dr. Gnanaprakasam’s research group is focusing on new synthetic methods integrated 
 with continuous-flow for the chemistry of peroxidation, rearrangement reactions and strained-
 ring synthesis toward the biologically important molecules. Recently, highly efficient, selective 
 and direct C-H peroxidation of 9-substituted fluorenes has been achieved by his research 
 group using TBHP in the presence of Mn-catalyst under batch/continuous-flow mode. Toward 
 sustainable drug synthesis, Dr. Gnanaprakasam’s research group developed a highly efficient 
 and environmentally benign metal-free alkylation of 1,3-dicarbonyl compounds using secondary 
 alcohols. Moreover, this application was extended for the continuous Fischer-Indole synthesis 
 and Mannich reaction for the synthesis of the Ondansetron drug in gram-scale application. 


Furthermore, Dr. Gnanaprakasam’s research group developed an efficient and new approach 
for the synthesis of spirooxindole 2H-azirines via intramolecular oxidative cyclization of 
3-(amino(phenyl)methylene)-indolin-2-one derivatives under batch/continuous flow (Scheme 
3, Figure). 



(29)Figure 4:  


Continuous-Flow Technology for synthesis of spirooxindole 2H-azirines  (Dr. Gnanaprakasam’s Group)


Extracellular matrix (ECM) glycopeptides for cell surface markers


The heparan sulfate (HS) is a major component of cell physiology and pathological process. 


However, the massive and complex structure of HS hampers the study of structure-function 
 relation in cellular functions. Thus, a long-term goal of HS scientists is to obtain structurally 
 well-defined HS mimics for profound understanding of the cellular regulation, signaling, and 
 functions. Dr. Raghavendra Kikkeri’s group reported the rational design and synthesis of 
 N-unsubstituted (NU) and N-acetylated (NA) heparin sulfate tetrasaccharides and its mimics 
 that selectively inhibit heparin sulfate binding chemokines and growth factors. HS analogs 
 were produced by divergent synthesis, where fully protected HS tetrasaccharide precursor was 
 subjected to selective deprotection and regioselectively O-sulfated, and O-phosphorylated to 
 obtain 13 novel HS tetrasaccharides. The exhaustive microarray and SPR analysis revealed that 
 homeostatic and inflammatory chemokines displayed several cryptic binding pockets for HS 
 mimics. Notably, I-21 (IdoA disaccharides with monosulfation) and HT-2,6S-NAc (GlcNHAc(6-
 O-SO3−)-IdoA(2-O-SO3−) turned out be a potential ligand to target VEGF growth factor and 
 anti-angiogenesis activity. Similarly, 1-45 (highly sulfated-IdoA tetrasaccharide), rare HT-3,6S-
 NH and HT-2,6S-NH showed selective binding to CCL2 and CCL5 chemokines and modulated 
 cancer metastasis and invasion. These results indicated that HS mimics offer a simple solution 
 to generate selective and efficient activated HSBPs and pave the way to a wide range of new 
 therapeutic application in cancer biology, viral infection, immunology etc. 


Macromolecular engineering


The rational design of a multi-responsive protein-based supramolecular system that can 
 predictably respond to more than one stimulus remains an essential but highly challenging 
 goal in biomolecular engineering. In this work, Dr. Britto Sandanaraj’s group reported a novel 
 chemical method for the construction of multi-responsive supramolecular nanoassemblies 
 using custom-designed facially amphiphilic monodisperse protein-dendron bioconjugates. 


The macromolecular synthons contain a globular hydrophilic protein domain site-specifically 
conjugated to photo-responsive hydrophobic benzyl-ether dendron of different generations 
using oligoethylene glycol linkers of defined length. The size of the protein nanoassemblies can 
be systematically tuned by choosing an appropriate dendron or linker of defined length. Exposure 
of protein nanoassemblies to light results in partial disassembly of complex rather than complete 
disassembly. The newly formed protein nanoparticle no longer responds to light but could be 
disassembled into constitutive monomers at the acidic condition or further treatment with a 
small molecule. More interestingly, the distribution ratio of assembled versus disassembled 
states of protein nanoassemblies after photochemical reaction does not depend on the dendron 
generation or nature of linker functionality or the identity of the protein, but heavily influenced 
by choice of linker length. Altogether, this work discloses a new chemical method for the rational 
design of a monodisperse multi-responsive protein-based supramolecular system with exquisite 
control over the disassembly process.



(30)Figure 5:  


Rational design of a 
 monodisperse multi-
 responsive protein-based 
 supramolecular system  
 (Dr. Britto Sandanaraj’s 
 Group)


Nucleic acid chemistry and biophysics


Prof. Seergazhi G. Srivatsan group is developing biophysical platforms and nucleic acid labeling 
 technologies to understand the structure-function relationship of nucleic acids in cell-free and 
 cellular environments. His group has developed a technology called sgR-CLK, wherein he has 
 repurposed a terminal nucleotide transferase to remodel CRISPR gene editing and targeting 
 system to display small molecules on specific gene targets by click chemistry. This technology 
 offers a simplified solution for site-directed display of small molecule probes, drugs and 
 diagnostic tools on target genes, which can profoundly advance the utility of CRISPR tools in 
 diagnosis and therapeutics. In addition, he has developed multifunctional nucleoside probes 
 for investigating the structure and drug-binding properties of oncogenic G-quadruplex forming 
 sequences in real time and in atomic level by using fluorescence and X-ray crystallography 
 techniques. This small molecule screening platform can greatly facilitate the advancement of 
 G-quadruplex based chemotherapeutic strategies. Dr. Srivatsan is also heading a Center of 
 Excellence at IISER Pune, which is part of the InDx program initiated by C-CAMP Bengaluru on 
 indigenization of COVID-19 testing kits.



2.2 INORGANIC AND MATERIALS SCIENCE


Interfacial materials chemistry


The primary research of Dr. Nirmalya Ballav focuses on interfacial materials chemistry, from 
 fundamentals to applications, upon exploring various solid-solid and solid-liquid interfaces. 


Research platforms include thin films, coordination polymers, conducting polymers, two-
 dimensional materials and magnetic semiconductors. Metal-Organic Thin-Films with tunable 
 electronic and magnetic properties are promising for variety of technological applications. 


However, experimental challenges are many: i) simple growth, ii) controllable thickness, iii) 
structural integrity, iv) film homogeneity, v) desirable electrical conductivity, vi) stability of the 
thin-films at ambient conditions, specifically against moisture and heat, vii) tuning electrical 
conductivity of thin-films by physical and chemical stimuli, viii) patterning feasibility by employing 
standard lithographic techniques, etc. Dr. Ballav’s research has shown the paths to overcome 
those challenges by simple yet elegant design principles of interfacial materials chemistry.



(31)Figure 6:  


Thin films in interfacial materials chemistry  
 (Dr. Nirmalya Ballav’s Group)


Hydrolytic and chemical stability of MOFs


Water pollution has attracted worldwide significant attention ever since the finding of its harmful 
 effects on the whole ecosystem, including human health. Although several materials are known for 
 selective removal of specific contaminants, designing a single material that can adsorb a variety 
 of water contaminants is still a very challenging task due to a lack of proper design strategies. 


Prof. Sujit K. Ghosh’s group has rationally designed a new class of anion exchangeable hybrid 
 material where the nanosized cationic metal−organic polyhedra (MOP) are embedded inside a 
 porous covalent organic framework (COF) with specific binding sites for toxic oxoanions. The 
 resulting hybrid material exhibits very fast and selective sequestration of high as well as trace 
 amount of a wide range of toxic oxoanions (HAsO42−, SeO42−, CrO42−, ReO4−, and MnO4−) from 
 the mixture of excessive (~1000-fold) other interfering anions to well below the permissible 
 drinking water limit (Figure). Moreover, the hybrid cationic nanotrap material can reduce the 
 As(V) level from a highly contaminated groundwater sample to below the WHO permitted level 
 (Ref. ACS Cent. Sci. 2020, 6, 1534−1541).


Figure 7:  


Toxic oxo-anion capture by 
 a hybrid material 


(Prof. Sujit K. Ghosh’s Group)


Silylene as a ligand in homogeneous catalysis


The advent of N-heterocyclic silylenes (NHSis) and their ability to activate small molecules led 
to envisage that they could be the alternative ligands to NHCs. However, the area of transition 
metal silylene complexes had been held back for many years especially because of the very 
low yield of silylenes. Since the high yield isolation of Si(II) compounds by dehydrohalogenation 
protocol, there is a significant paradigm shift in the chemistry of transition metal silylene 
complexes. Dr. Shabana Khan’s group is exploring silylene [PhC(NtBu)2SiN(SiMe3)2] as a 
ligand to prepare Cu(I), Ag(I), and Au(I) complexes which are being utilized further for catalytic 
applications e.g. Click Chemistry, A3 coupling, Glycoside synthesis etc. Besides, they prepared 
a series of bis-sila-thione/selenone/tellurone from the corresponding bis-silylene and showed 
their characteristic feature to display weak C–H•••Te/Se/S interactions.
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