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About the Institute 

 
Dr B R Ambedkar National Institute of Technology, Jalandhar (NIT Jalandhar) is a leading premier 

autonomous Institution (under Ministry of Human Resource Development, Govt. of India, New Delhi) of 

northern India. The Institute was established in the year 1987 as a Regional Engineering College, which 

was given the status of National Institute of Technology in the year 2002 by the Government of India. The 

Institute offers Bachelor of Technology (B Tech) programmes in eleven disciplines of Engineering and 

Technology, Master of Science in Chemistry, Physics and Mathematics, Master of Technology (M Tech) 

and Doctor of Philosophy (Ph D) in all 

Disciplines of Science & Engineering. The 

Institute is located in an eco-friendly 

environment amidst a rambling campus 

spread over 154 acres. The Institute has 

signed Memorandum of Understanding 

(MoU) with many prestigious 

institutes/universities of UK, USA Canada, 

Italy, France, and South Africa etc. for the 

mutual academic exchange program and 

further strengthening of the academics and research. More information about NIT Jalandhar may be 

obtained from its website http://www.nitj.ac.in/. 

 

About the Department 
 

The Department of Biotechnology, Dr. B. R. 

Ambedkar National Institute of Technology Jalandhar 

came in to picture in 2007 with an aim to develop 

“Centre of Excellence” in Biotechnology and allied 

areas. The department is presently running B. Tech, M. 

TECH., and PhD programme with good academic 

records and achievements. The present programmes 

provide a strong support to the industry as well 

research activities in emerging areas of Biomaterials, Tissue Engineering, Stem Cell Research, 

Nanotechnology, Bioprocess Engineering, Enzyme Engineering, Bioinformatics, Downstream Processing, 

Molecular Biology and Genetic Engineering, Immunotechnology through hands-on facilities.  

 

http://www.nitj.ac.in/
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Objective of Conference 

 

The main aims of the International Conference on Biomacromolecules and Cellular Interface (ICBCI-2021) 

is to bring together leading academic scientists, researchers and research scholars to exchange and share 

their experiences and research results on all aspects of Biomacromolecules and events at Cellular Interface 

with cells, molecules, and materials. It also provides a premier interdisciplinary platform for researchers, 

practitioners, and educators to present and discuss the most recent advancement of the field, innovations, 

and practical challenges encountered and solutions adopted.  

 

Conference Tracks 

 

 
The said conference is proposed to cover wide themes that could correlate to research with macromolecules 

and cellular interface and invites submission of papers from Biotechnology area such as and not limited to: 

1. Biomaterials for Tissue Engineering  

2. Stem cells Engineering and Therapy 

3. Nanotechnology for Bioengineering  

4. Cell and developmental Biology 

5. Bioinformatics: Tools and techniques for modelling and simulation  

6. Carbon nanostructures, biomacromolecules, and simulation  

7. Smart manufacturing techniques  

8. Biomacromolecules and environmental remediation  

9. Biomedical and bioengineering for sensors development  

10. Bioprocess engineering for Bioreactors scale-up  

11. Targeting cancer with Biomolecules  

12. Protein engineering for synthetic enzymes 
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Organizing Committee 

 

Chief-Patron:  Shri S. C. Ralhan, Chairperson, BOG, NIT Jalandhar 

Patron:  Prof. Lalit K. Awasthi, Director, NIT Jalandhar, Panjab  

Co-Patron:  Prof. Ajay Bansal, HoD, Dept. of Biotechnology, NIT Jalandhar, Panjab 

Chairman(s):  Prof. Asim K. Jana, NIT Jalandhar 

                       Dr. Pamita Awasthi, NIT Hamirpur, Himachal Pradesh  

Secretary(s):  Dr. Mahesh Kumar Sah, Dept. of Biotechnology NIT Jalandhar  

                      Dr. Harsh Kumar Manchanda, Dept. of Chemistry, NIT Jalandhar 

                      Dr. Rohit Mehra, Dept. of Physics, NIT Jalandhar 

 

International Conference committee 

Ali Khademhosseini, California NanoSystems Institute, University of California Los Angeles  

Deepak Kalaskar, University College London, UK  

Ramakrishna Seeram, NUS, Singapore  

Yasuhiko Tabata, Kyoto University Japan  

M.S. Sudhakar, Sur College of Applied Sciences, Sur, Oman  

Waseem Raja, Massachusetts Institute of Technology  

Simone S Silva, University of Minho Dietmar  

W. Hutmacher, Queensland University of Technology 

Swati Pradhan-Bhatt, Christiana Care Health System  

Rui L. Reis, University of Minho Silvia Farè, Politecnico di Milano  

Britt Wildemann, Universitätsklinikum Jena  

Manuel Salmerón-Sánchez, University of Glasgow  

Patricia Rico, v-Biomaterials and Nanomedicine (CIBER-BBN), Universitat Politècnica de València  

Maria Cristina Tanzi, INSTM Politecnico di Milano Gordana Vunjak-Novakovic, Columbia University 

Haeyong Kweon, National Academy of Agricultural Science (South Korea)  

Chaozong Liu, University College London  

Aldo R. Boccaccini, Friedrich-Alexander-University of Erlangen-Nürnberg  

Yohko Gotoh, National Agriculture and Food Research Organization, Tsukuba, Japan  

Dr Mandeep Singh Bakshi, Assistant Professor, University of Wisconsin-Green Bay 
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National Advisory Committee 

 
Prof. Chandra Shakher, Chairperson, BoG NIT Hamirpur  

Registrar, NIT Jalandhar  

Deans, NIT Jalandhar  

Prof. Ritu Barthwal, Emeritus Professor, IIT Roorkee  

Dr. Pamita Awasthi, Dept. of chemical engineering, NIT Hamirpur 

Dr. Amit Dinda, Professor AIIMS, New Delhi  

Dr. Naresh Kasoju, Scientist, SCTIMST, Trivandrum  

Dr Saurabh Gupta, Assistant Professor, NIT Raipur  

Dr Anand Pandey, IIEC, IIT Gandhinagar  

Dr Subha N Rath, Associate Professor, IIT Hyderabad  

Dr Arvind Kumar, Principle Scientist, CSMCRI, Bhavnagar, Gujrat  

Dr Parcha Sreenivasa Rao, Associate Professor, NIT Warangal  

Prof. G S Randhawa, Dept. of Biotechnology, IIT Roorkee  

Dr S K Mehta, Punjab University, Punjab 

 

Local Advisory Committee 

  
Dr. Nitai Basak, Dept. of Biotechnology, NIT Jalandhar  

Dr. B. S. Kaith, Dept. of Chemistry, NIT Jalandhar 

Dr. M. K. Jha, Dept. of Chemical Engg., NIT Jalandhar  

Dr. Navdeep Singh, Dept. of Civil Engg., NIT Jalandhar  

Dr. Kuldeep Kumar, Dept. of Computer science and engineering, NIT Jalandhar  

Dr. K. S. Nagla, Dept. of Electrical Engg., NIT Jalandhar  

Dr R. K. Sunkaria, Dept. of Electronics and Communications, NIT Jalandhar  

Dr Ashish Raman, Dept. of Electronics and Communications, NIT Jalandhar  

Dr Sonia Chawla, Dept. of Humanities, NIT Jalandhar  

Dr Aditya Prakash, Dept. of Humanities, NIT Jalandhar  

Dr. Anish Sachdeva, Dept. of Industrial and production, NIT Jalandhar  

Dr. Varun Sharma, Dept. of Industrial and production, NIT Jalandhar  

Dr. Rajeev Verma, Dept. of Industrial and production, NIT Jalandhar  

Dr. Om Prakash Verma, Dept. of Inst.And Control, NIT Jalandhar  

Dr. Afzal Sikandar, Dept. of Inst. And Control, NIT Jalandhar  

Dr. Subhas Chander, Dept. of Mechanical Engg., NIT Jalandhar  
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Dr. R. R. Sinha, Dept. of Mathematics, NIT Jalandhar  

Dr. Rabindra K. Thakur, Dept. of Mathematics, NIT Jalandhar  

Dr. Praveen Malik, Dept. of Physics, NIT Jalandhar  

Dr. Sunil Dutt, Dept. of Physics, NIT Jalandhar  

Dr. Monica Sikka, Dept. of Textile, NIT Jalandhar 

 

 

Contacts for queries 

Prof. A. K. Jana, Chairman 

Email: icbci2021@nitj.ac.in or janaak@nitj.ac.in 
 

Dr. Mahesh Kumar Sah, Secretary  

Mobile: +91-70950-44510 or +91-83407-74578 

Email: icbci2021@nitj.ac.in or sahmk@nitj.ac.in 
 

Dr. Harsh Kumar Manchanda, Secretary  

Email: icbci2021@nitj.ac.in or manchandah@nitj.ac.in 
 

Dr. Rohit Mehra, Secretary 

Email: icbci2021@nitj.ac.in or mehrar@nitj.ac.in 

 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:janaak@nitj.ac.in
mailto:sahmk@nitj.ac.in
mailto:manchandah@nitj.ac.in
mailto:mehrar@nitj.ac.in
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Director’s Message 

The biomacromolecules as the baseline of life is significantly impacting the lifestyle and lifespan. 

Various techniques being employed for in-depth study of metabolism in physiology has facilitated 

the humankind to enrich it’s diagnostic and therapeutic capabilities. Dr. B. R. Ambedkar National 

Institute of Technology Jalandhar is engaged with associated research through different 

departments and centres viz., Department of Biotechnology, Dept. of Chemical Engineering, Dept. 

of Chemistry, Dept. of Physics, Dept. of Electronics and Communication. The institute extends its 

support for academic and research facilities through MoU with prestigious national and 

International Institutes, Laboratories, and Industries. 

I am very happy to note that Dr. B R Ambedkar National Institute of Technology, Jalandhar is 

welcoming new year with organizing the virtual International Conference of 

Biomacromolecules and Cellular Interface (ICBCI-2021) from 9-10 January 2021. In this 

pandemic situation also, the Institute is determined to dissipate and facilitate without any 

limitations. I believe that the conference will provide a good platform for exchange of ideas and 

information among the academicians, researchers, and scientists in the areas of 

Biomacromolecules. The organization of the conference on such an important field would also 

prove beneficial to the students as they get an opportunity to interact with renowned experts.  

I send my best wishes for the success of the conference and appreciate all faculty members and 

students for this excellent initiative.  

 

 

(Prof. L. K. Awasthi) 
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Registrar’s Message  

It gives me immense pleasure to felicitate the Organizing Committee of the virtual International 

Conference of Biomacromolecules and Cellular Interface (ICBCI-2021) being organized from 

January 9-10, 2021 by the Dept. of Biotechnology, Dr. B R Ambedkar National Institute of 

Technology, Jalandhar.  

The topic selected for organizing the conference is very vital in terms of sustainability of human 

race and it is more evident from past few months when the COVID-19 is rushing to influence 

socio-economic status of people around the globe. I am confident that the conference will provide 

stage to young scholars, scientists, academicians, and industries engaged in related activities for 

the research and development. It is also expected that this will benefit the graduates and post-

graduates to widen the knowledge and current know-how in the field to the global standard.  

I do hope the conference would add value to the research activities at the institute.  

I extend my best wishes for the grand success of the conference. 

(Dr. S. K. Mishra) 
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Co-patron’s Message 

It is a matter of immense pleasure that Department of Biotechnology, Dr B R Ambedkar National 

institute of Technology, Jalandhar is organizing International Conference on 

Biomacromolecules and Cellular Interface (ICBCI-2021) during January 9-10, 2021. The 

said conference is proposed to cover wide themes that could correlate research with 

macromolecules and cellular interface. 

Department of Biotechnology wanted to host the conference in physical mode, providing ample 

opportunities to the researchers to exchange the ideas and build stronger collaborations for the 

better outcomes. Nevertheless, the online mode has its other advantages and I believe that the 

online version of the conference has much more outreach than the conventional mode and response 

to the conference has been overwhelming. The participants contributed a huge number of technical 

papers from which some selected papers are scheduled to be presented during the conference.  

I am thankful to our Director Prof (Dr) Lalit Kumar Awasthi who encouraged and provided all 

kind of support in terms of infrastructure and facilities to make this event a reality. 

I hope all the delegates will be enriched tremendously though the deliberations of this International 

Conference on Biomacromolecules and Cellular Interface (ICBCI-2021) and its impact will be 

long lasting. 

I wish all participants a very happy and meaningful ICBCI-2021!!! 

 

Wishing you a very Happy and Safe Year 2021. 

 

(Dr. Ajay Bansal) 
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Chairperson’s message 

 
 

Department of Biotechnology, Dr. B R Ambedkar National Institute of Technology, Jalandhar is organizing 

the International Conference “Biomacromolecules and Cellular Interface (ICBCI - 2021)” during 9 

– 10 January 2021. The conference aims to promote and exchange recent research and technical/scientific 

skills in the field of biotechnology by the academicians, researchers, experts, industrialists and all 

stakeholders. 

National Institute of Technology, Jalandhar is an Institute of National Importance under the Ministry of 

Human Resource and Development (MHRD), Government of India. The Government of India is promoting 

the development and deployment of innovative technologies in the area of diagnosis, biosensing and 

bioimaging devices, drug delivery systems, tissue engineering, biological nanostructures, devices for early 

detection of disease, artificial organs and bone substitutes, applications of biomolecules in therapy including 

bioprocess engineering for its large-scale production. The Department of Biotechnology in the Institute 

expect to evolve a multi-disciplinary approach to solve these technical challenges and contribute to the 

development of sustainable society. 

Eminent speakers will encompass the research work, case studies and present status of technologies 

development in all the above-mentioned areas of biotechnology in this conference. As Chairman of this 

important event, I welcome all delegates from various organizations all over the country. I hope this 

souvenir will communicate the outcomes of conference in the right perspective. I also wish the event all 

success. 

(Prof. A. K. Jana) 
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Chairperson’s message 
 

 
It is a matter of great pleasure to felicitate the organizing committee of the International Conference of 

Biomacromolecules and Cellular Interface (ICBCI-2021) being held on January 9 and 10, 2021 by the 

Department of Biotechnology, Dr. B R Ambedkar National Institute of Technology, Jalandhar. 

The agenda of this meet is to spread exhaustive insights around the field of Biotechnology and is of 

paramount importance to mankind. Due to the current global pandemic, we have decided to host this 

conference virtually and hope to promote a culture of deep and insightful learning. A large pool of 

volunteers has submitted their ideas and papers, and we are thrilled to present some of those during the 

conference. It is overwhelming to see the huge support received for this purpose. 

I would like to extend my heartiest wishes to the organizing committee for their priceless efforts to make 

this event possible. 

I sincerely hope that all the participants/volunteers involved would benefit immensely by the thoughts, ideas 

and learnings shared during this event. Wishing good luck to all. 

 

Happy new year!   

 

(Dr. Pamita Awasthi) 
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Secretary’s message 

It gives me a great sense of joy and excitement to inform that the Department of Biotechnology, Dr. B. R. 

Ambedkar National Institute of Technology, Jalandhar has come to great extent to organize 

International Conference of Biomacromolecules and Cellular Interface (ICBCI-2021), during 9-10 

January 2021 COVID-19 at virtual platform. 

Due to the current global situation, we have decided to host this event virtually and are hopeful that it would 

foster stronger collaborations and a sense of insightful/holistic learning. We are overwhelmed with the 

massive response and support received for this purpose. Many volunteers/participants have put forward 

their technical ideas/papers and we are filled with great pride at the idea of presenting those during this 

conference. The conference is aimed to provide insights around many state-of- the art ideas in the field of 

biotechnology. 

I would like to express my sincere thanks to our director, Dr. L.K. Awasthi and all the members of the 

organizing and advisory committee for their extended constant encouragement and support to make this 

event come to this stage. 

I hope all the participants/volunteers/delegates/academicians would be immensely enlightened by means of 

this conference and that its impact will be everlasting and monumental. I wish for the success of this event. 

Have a safe and healthy 2021. 

(Dr. Mahesh Kumar Sah) 
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Secretary’s message  

It is a matter of pride for Dr. B. R. Ambedkar National Institute of Technology, Jalandhar, organizing 

International Conference of Biomacromolecules and Cellular Interface (ICBCI-2021), during 9-10 

January 2021. The topic is very much relevant and with wide scope for researchers and academicians 

engaged in biomacromolecules. The field has come a long way since its discovery and role in evolution of 

life from the modulating primitive earth environment. The structure and functionality of biomacromolecules 

towards cell communication is amazing to understand and this help to unveil many secrets of life and its 

functioning. Different departments in this institute including department of chemistry is actively 

participating in research and development in this area. 

I welcome all the participants to the conference and hope this event will contribute to their present 

knowledge, skill, and networking in this field. 

 

(Dr. Harsh Kumar Manchanda) 
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Secretary’s message  

In the arena of modern technology and development, biotechnology hold great promise and it is 

imperative to consider what the practical applications of technological developments will be. I 

believe that the field holds great promise, while also posing important questions as to how we can 

make wise use of these advances for the physical and spiritual welfare of all people. Biomolecules 

or biological molecules are substances, which are produced by the cells of the body and are found 

in living organisms. Biomacromolecules are biomolecules, which have a large size of 800 to 1000 

Daltons, high molecular weights and complex structures. They are biological polymers of different 

simple or monomeric units.  

It is a matter of great pleasure that Department of Biotechnology, Dr. B. R. Ambedkar National 

Institute of Technology, Jalandhar, Punjab is organizing International Conference on 

Biomacromolecules and Cellular Interface (ICBCI-2021) from January 9-10, 2021. The main aims 

of the ICBCI-2021 is to bring together leading academicians, scientists, researchers and research 

scholars to exchange and share their experiences and research results on all aspects of 

Biomacromolecules and events at Cellular Interface with cells, molecules, and materials. 

I believe that the ICBCI-2021 will be the most comprehensive conference focused on the various 

aspects of advances in Biomacromolecules and Cellular Interface and their applications. The 

deliberations will explore various aspects of advances in the related fields. I am sure this 

conference will also provide an apt platform to the experts, industry professionals and other 

participants to share their experiences. It would also inspire the young researchers to continue to 

work with dedication to further improve their skill and update their knowledge. 
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As one of the Secretary of the conference, I express my thanks to the institute administration and 

the Department of Biotechnology, NIT Jalandhar for taking this initiative to organize this scientific 

event of international importance. On behalf of the Organizers including the executive committee 

members of the ICBCI-2021, it is a privilege to have welcome all the participants on this event. 

My best wishes for the success of the conference. 

 

 

 

(Dr Rohit Mehra) 
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PROGRAMME SCHEDULE 

January 9, 2021 

 
Programme schedule 

10:00 a.m.-11:30 a.m. Inauguration Ceremony 

Session – 1 

(11.30am-1.00pm) 

 

11:30 a.m.-12:15 p.m. KT 1: Dr. Clare Hoskins, Department of Pure and Applied 

Chemistry, University of Strathclyde, Glasgow, UK 

Nano-assasins for pancreatic cancer therapy 

12:15 p.m.-1.00 p.m. KT 2: Dr. Ratheesh Kumar Meleppat, University of California 

Davis, California, United States 

High-resolution imaging reveals details disease-related changes in 

the retinal pigment epithelium (RPE) Cells 

LUNCH BREAK (1.00pm-2.00pm) 

Session – 2 

(2.00PM-5.00pm) 
 

 Parallel Session-1 

Chairperson  

Dr. Mahesh Kumar 

Sah 

Parallel Session-2 

Chairperson  

Dr. Naved Malek 

Parallel Session-3 

Chairperson  

Dr. Rohit Mehra 

 

2.00 pm – 2.30pm KT 3: Dr. Subha N. Rath, IIT Hyderabad 

Bioengineering strategies to apply polymeric membrane devices 

for allogenic islet cell encapsulation for diabetes treatment 

2.30 pm – 3.00pm Keynote 4: Dr. Ramesh Gardas, IIT Madras 

Environmentally benign Solvents for Dissolution, Separation and 

Extraction of Biomacromolecules 

3.00pm –3.10pm OP-1 OP-11 OP-21 

3.10pm –3.20pm OP-2 OP-12 OP-22 

3.20pm –3.30pm OP-3 OP-13 OP-23 

3.30pm –3.40pm OP-4 OP-14 OP-24 

3.40pm –3.50pm OP-5 OP-15 OP-25    

3.50pm –4.00pm OP-6 OP-16 OP-26 

4.10pm –4.20pm OP-7 OP-17 OP-27 

4.20pm –4.30pm OP-8 OP-18 OP-28 

4.30pm –4.40pm OP-9 OP-19  

4:40pm-4.50pm OP-10 OP-20  
End of the conference day-1 (5.00 pm) 
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January 10, 2021 Programme schedule 

Session – 3 

(10.00AM-12:30PM) 

Chairperson –  

Dr. Rajneesh University of California Davis, California, USA 

10.00 am – 10:30 am KT-5: Dr. Amit K. Dinda, AIIMS, New Delhi 

Understanding the Nano-Bio Interface: The key for 

Translation 

10.30 am – 11:00 am KT-6: Prof. Asad U Khan, AMU, Aligarh 

Role of conserved residues in catalytic activity of NDM-1: an 

approach of site directed mutagenesis and molecular dynamics 

11.00 am – 11:20 am IT-1: Dr. Adesh Saini, Maharishi Markandeshwar 

University, Haryana  

A Curious case of cysteines in human peroxiredoxin I  

11.20am – 11.40am IT-2: Dr. Naresh Kasoju, SCTIMST, Kerala 

Thermoresponsive Interfaces for Corneal Cell Sheet 

Engineering 

 Chairperson –Prof. A. K. Jana  

Prof. A. K. Jana, Dr. Naresh Kasoju, Dr. Naved Malek, 

Dr. Mahesh K Sah, Dr. Adesh Saini, Dr. Subha N. Rath 

11.50 am- 12.00pm YSA-1 

12.05pm–12:15pm YSA-2 

12:20pm – 12:30pm YSA-3 

12:35pm – 12:45pm YSA-4 

12:50pm – 1:00pm YSA-5 

LUNCH BREAK (1.00pm-2.00pm) 

Session – 4 

(2.00PM-5.00pm) 

Chairperson – Prof. A. K. Jana 

 

2.00 pm – 2.30pm KN-7: Dr. Arvind Kumar, Dr Arvind Kumar, Principle 

Scientist, CSMCRI, Bhavnagar, Gujrat 

2.30pm – 3.00pm IT-3: Dr. Naved Malek, SVNIT Surat, Gujarat 

3.00pm – 3.30pm IT-4: Dr. Narsimhulu K., NIT Warangal 

3.30pm – 4.00pm IT-5: Dr. Solomon Magapu, Sur college of science and 

technology, Oman 

4.00pm – 4.30pm Brainstorming session with experts and participants, 

Networking for collaboration 

4.30pm – 5.00pm Valedictory Function 

 

**All the Oral Presentations will run in parallel sessions 
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Links to connect online at Google Platform 

 

 

 

 

 

 
Contacts for queries 

Prof. A, K Jana, Chairman 

Email: icbci2021@nitj.ac.in or janaak@nitj.ac.in 
 

Dr. Mahesh Kumar Sah, Secretary  

Mobile: +91-70950-44510 or +91-83407-74578 

Email: icbci2021@nitj.ac.in or sahmk@nitj.ac.in 
 

Dr. Harsh Kumar Manchanda, Secretary  

Email: icbci2021@nitj.ac.in or manchandah@nitj.ac.in 
 

Dr. Rohit Mehra, Secretary 

Email: icbci2021@nitj.ac.in or mehrar@nitj.ac.in 

 

Inauguration link www.youtube.com/c/NITJofficial 

Keynote and invited talks link https://meet.google.com/vdt-aoof-bzo 

Young Scientist Award Presentation 

link 

https://meet.google.com/vdt-aoof-bzo 

Oral presentation link-1 (OP: 1-10) https://meet.google.com/vdt-aoof-bzo 

Oral presentation link-2 (OP: 11-20) https://meet.google.com/iwz-vowb-gwe 

Oral presentation link-3 (OP: 21-28) https://meet.google.com/fhj-xwre-opt 

mailto:janaak@nitj.ac.in
mailto:sahmk@nitj.ac.in
mailto:manchandah@nitj.ac.in
mailto:mehrar@nitj.ac.in
http://www.youtube.com/c/NITJofficial
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Keynotes Speakers 
 

 

KN-1 Nano-assasins for pancreatic cancer therapy 

Dr. Clare Hoskins 

Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, UK 

 

Abstract: 

Pancreatic cancer is the 4th most aggressive cancer in the western world with less than 34% of patients surviving past 

5 years. Lack of specific symptoms results in a delay in diagnosis. Theranostics are new platforms, which offer 

simultaneous diagnosis and therapy resulting in a decrease in treatment time. Here treatments are conjugated onto 

diagnostics by thermally reversible binding allowing for triggered drug release and hence a rapid and localised clinical 

effect is achieved. Hybrid nanoparticles are composed of an iron oxide core surrounded by a rigid metallic shell. These 

particles undergo manipulation due to inherent magnetism of the core whilst laser irradiation of their shell results in 

localised heating due to exploitation of their surface plasmon resonance. Hence, they can be utilised as diagnostics 

using MRI and laser irradiation can be used as an initiator for drug release. We have developed a series of 'theranostic 

assassins' based on hybrid nanoparticles which have shown potential for overcoming the challenges relating to 

pancreatic cancer, providing externally triggered site-specific delivery of therapeutic compounds. In this talk, I will 

give an overview of our progress to date, discuss the transferrable nature of these technologies and future studies 

needed before clinical translation can be achieved. 

 

Biography 

Dr Clare Hoskins is a Reader (Associate Professor) in the Department of Pure and Applied Chemistry at the University 

of Strathclyde. She has published over 50 peer reviewed articles and filed 1 patent. Clare recently moved to the 

University of Strathclyde; previous to this position she worked within the School of Pharmacy at Keele University 

where she was the Postgraduate Research Director to a few faces here today. Clare’s undergraduate degree is in 

Applied Chemistry with subsequent PhD in Pharmaceutics. Her research focusses on nanomedicine development with 

specific interests in stimuli responsive and intelligent materials for precision cancer therapy. Clare is a Fellow and 

Chartered Scientist of the Royal Society of Chemistry (RSC) and is currently the Vice Chair for Programme 

Management of the Controlled Release Society. 
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KN-2 High-resolution imaging reveals details disease-related 

changes in the retinal pigment epithelium (RPE) Cells 
 

Dr. Ratheesh Kumar Meleppat 

UC Davis Eyepod Imaging Laboratory, Department of Cell Biology and Human Anatomy, University of California 

Davis, California, United States 

rkmeleppat@ucdavis.edu  

Abstract:  

The retinal pigment epithelium (RPE) is the monolayer of pigmented cells, located between the photoreceptors and 

the Bruch’s Membrane / choriocapillaris, plays an essential role in the process of vision-sustaining visual cycle by 

exercising diverse functions including nutrient and waste transport, isomerization of all-trans-retinal, phagocytosis of 

shed photoreceptor outer segments, ion stabilization of the subretinal space, secretion of growth factors, and light 

absorption (heat dissipation). Any failure of these functions can lead to degeneration of the Photoreceptor-RPE-

Choroid Neurovascular Unit (PRC-NVU) and progression of various retinal diseases. The major pigments in RPE 

such as melanin and lipofuscin undergo changes with age and diseases. Therefore, identifying the fluorophores and 

understanding its interactions with RPE functions in vivo is essential for resolving outstanding controversies related 

to aging and pathology of RPE. The lipofuscin accumulates as a byproduct of phagocytosis of photoreceptor outer 

segments and has been proposed as a biomarker for cellular aging and as a cumulative index of oxidative damage1. 

An increased level of lipofuscin is reportedly causing noxious effects on essential RPE functions and clearly delineated 

in Stargardt’s macular dystrophy, a retinal degeneration characterized by high levels of lipofuscin/ melanolipofuscin 

and caused by defects in the ABCA4 gene as well as age related macular degeneration (AMD)2-3. Melanin act as a 

major protective agent in the RPE cells sheltering the RPE from radiation and light damage3-5. High oxidative stress 

induced by the increased lipofuscin causes melanin to fuse with lipofuscin to form melanolipofuscin resulting in the 

reduction of pure melanin and melanosomes. In this meeting, I report our recent findings of the in situ investigation 

of the RPE fluorophores of the mice retina using multicolor confocal fluorescence microscopy. The high-resolution 

confocal images of RPE mosaic acquired from the flat-mounted RPE provided in situ visualizations of melanosomes 

and lipofuscin granules and their spatial localization within the RPE of Abca4−/− mice ( a powerful mouse model of 

Stargardt’s disease) and WT controls . The images of RPE from the B6 albino mice strains were used to validate the 
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conclusions of our observations from agouti mice strains. Our study concluded that RPE melanosomes do not exhibit 

fluorescence properties in a visible excitation wavelength range but rather are a strong source of scattering in visible 

wavelengths. The lipofuscin granules are identified as the major source of RPE autofluorescence. The red shift in the 

emission peak with the increase in excitation wavelength confirmed the presence of multiple bisretinoid components 

in lipofuscin granules. Qualitative and quantitative analysis showed increased lipofuscin granules and reduced 

melanosomes in the RPE cells of the Abca4−/− mice relative to the agouti WT controls. The increased AF levels 

measured in situ from the whole RPE cells in the flatmounted outer retina correlated well with the density of lipofuscin 

granules in Abca4−/− mice. The increased RPE size observed in Abca4−/− mice relative to WT control suggested the 

RPE cell death/expansion due to disease progression potentially caused by the increased lipofuscin accumulation. The 

assessment of melanosomes and lipofuscin granules changes found in Abca4−/− mice strains based on the current 

study provides a potential means of quantifying changes in their number (concentration) during the development of 

Stargardt disease. Additionally, the availability of standard clinical procedures such as SW-FAF and NIR-AF would 

make it possible to monitor the changes (accumulation) of these pigmented granules at the earlier stages of this disease. 

Therefore, these findings have potentially high diagnostic value in clinical ophthalmology.  

References: 

 [1] A. E. Dontsov, N. L. Sakina, and M. A. Ostrovsky, “Loss of Melanin by Eye Retinal Pigment Epithelium Cells Is Associated 

with Its Oxidative Destruction in Melanolipofuscin Granules,” Biochemistry (Mosc), 82(8), 916-924 (2017).  

[2] Rivera A, White K, Stöhr H, et al. A comprehensive survey of sequence variation in the ABCA4 (ABCR) gene in Stargardt 

disease and age-related macular degeneration. Am J Hum Genet.; 4: 800– 813 (2000). 

 [3] P. Charbel Issa, A. R. Barnard, M. S. Singh et al., “Fundus Autofluorescence in the Abca4−/− Mouse Model of Stargardt 

Disease—Correlation with Accumulation of A2E, Retinal Function, and Histology,” Investigative Ophthalmology & Visual 

Science, 54(8), 5602-5612 (2013).  

[4] M. Boulton, and P. Dayhaw-Barker, “The role of the retinal pigment epithelium: Topographical variation and ageing changes,” 

Eye, 15, 384 (2001).  

[5] Ratheesh Kumar Meleppat; Pengfei Zhang; Yifan Jian; Edward N. Pugh; Robert J. Zawadzki, “Directional optical coherence 

tomography reveals melanin concentration-dependent scattering properties of retinal pigment epithelium” Journal of Biomedical 

Optics, 24(6), 066011 (2019). 
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KN-3 Bioengineering strategies to apply polymeric membrane 

devices for allogenic islet cell encapsulation for diabetes treatment 

 
Subha N. Ratha, Aakanksha Ruhelab, Gokula Nathan Kasinathana, M. Sasikalac, Chandra. S. Sharmab, G. 

V. Raoc, D. Nageswara Reddyc.  

aRegenerative Medicine and Stem Cell Laboratory (RMS),  

Department of Biomedical Engineering, Indian Institute of Technology Hyderabad. 

bCreative & Advanced Research Based On Nanomaterials (CARBON) Laboratory, Department of Chemical 

Engineering, Indian Institute of Technology Hyderabad. 

cAsian Healthcare Foundation, Gachibowli, Hyderabad. 

 

Abstract: 

Autologous cells and tissues are considered gold standard for the therapeutic application of diseases and a number of 

research is based on that. However, in diabetes, where autologous cells are killed by an immune reaction, there are 

two options left. First, the stem cells can be converted to islet cells and applied later. Second, the allogenic islet cells 

can be applied for insulin delivery, for which the immune response must be prevented. To achieve the later, we are 

proposing an allogenic islet cell encapsulation device in which electrospun hydrophobic polymers are used. This 

device should allow the insulin to release outside from the cells, while preventing any cellular infiltration from outside. 

The wettability of three different biocompatible polymers: cellulose acetate (CA), polyethersulfone (PES), and 

polytetrafluoroethylene (PTFE) are modified by electrospinning. On electrospinning, the contact angle of CA, PES, 

and PTFE increased to 136°, 126°, and 155° from 55°, 71°, and 128° respectively making the membranes hydrophobic. 

The hydrophobicity of electrospun membranes could be induced due to the surface morphology induced by 

electrospinning. Further, the densely packed electrospun membranes with a pore size of 0.3-0.6 µm was able to restrict 

immune cells, but allow free movement of molecules like insulin and glucose, as shown by Glucose simulated insulin 

release. The membranes also show minimal cell attachment as shown by in vitro studies. Owing to the unique 

combination of surface morphology and hydrophobic nature, the fabricated electrospun membranes could have high 

potential for diabetes treatment.  
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KN-5 Understanding the Nano-Bio Interface: The key for 

Translation 
 

Amit K Dinda, MD, PhD 

ICMR Emeritus Scientist, Department of Pathology 

All India Institute of Medical Sciences, New Delhi – 110029 

Secretary General, Indian Society of Nanomedicine 

 

 
Abstract: 

Nanotechnology is an enabling technology with its wide spread application in different industries, energy sector, 

agriculture, food, packaging and medicine. The unique properties acquired by the materials can be intelligently 

exploited for different innovative applications with high translational value. The field of nanomedicine is rapidly 

advancing which can revolutionize the current medical practice. The areas of nanomedicine can be broadly divided 

into 3 categories: Laboratory Diagnosis, Imaging and Therapy. In cosmetic industry there is also a large scale use of 

titanium dioxide and zinc oxide for sun screen products. Any nanomaterial being used in health care apart from in-

vitro diagnostics has to be proven safe. Nanomaterial used in any industry and agriculture may contaminant 

environment leading adverse effects to ecosystems and enter into food chain affecting our health. So, understanding 

of life cycle of any nanoparticle is very important with reference to its biological interaction. Non-biodegradable 

systems will have more concern as they can have a long life and sequestrate. However it will be unwise to label all 

non-biodegradable nanomaterial unsafe unless we have science based evidence. For biodegradable nanomaterial one 

has to focus on its degradation product and mechanism of degradation. Biocompatibility is needed for any system for 

human use. Let us focus on human system as we may be potentially exposed to any engineered nanomaterial used for 

any purpose. The simplest concept for life cycle of nanomaterial is ADME (A= Absorption/port of entry in the body, 

D = Distribution, M = Metabolism and E = Excretion).  The port of entry may be oral, parenteral (intravenous/ 

intramuscular/ subcutaneous/ intraperitoneal – injectable), respiratory and through skin. Now suppose we have 

injected your engineered nanomaterial intravenously. It will be in the blood where it will interact with blood cells (red 

blood cells), white blood cells, platelets), serum proteins, coagulation factors, circulating immune complexes, 

complement components, opsonin etc and endothelial cells in the wall of the blood vessels. Its interaction in the blood 
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will depend on its Size, Shape, Surface Charge and Flexibility. The cationic surface can lead to more hemolysis, 

platelet and leukocyte activation. All engineered nanoparticles are foreign to our body. So our immune system 

specially mononuclear and macrophage system will try to engulf these circulating particles and sequestrate them in 

Reticulo-Endothelial System (liver, spleen, lymphoid system, bone marrow etc.). The most popular method to reduce 

macrophage uptake is to coat the surface with PEG. Size and shape are also important factors. Approximately 150 to 

350nm size is avidly taken up by the macrophages.  Macrophage is comfortable to engulf spherical system, but they 

may be uncomfortable with long tube-like structure (carbon nano tube) or 2-dimentional structure like graphene. For 

cancer due to the presence of leaky blood vessels accumulation of nanomaterial may happen passively by Enhanced 

Permeability and Retention (EPR) effect. There are large number of publications on receptor targeted nanoparticles 

for cancer. However, for any kind of nanomedicine for cancer off target sequestration and side effect should be 

avoided.  In the nanomedicine sector major R&D world over is nano-drug delivery system. In the simplest form we 

load the drug/active molecule inside a nanoparticle. This makes a nano-depot of the freely diffusible small molecule. 

The release of free drug (bioavailable) will depend on degradation kinetics of nanoparticle. Thus, the pharmacokinetic 

model of the drug changes when we use the nanodrug delivery system. For any nanodrug delivery for human use from 

regulatory point of view we have to prove the (1) Biological Equivalence, (2) Pharmacologic Equivalence and (3) 

Therapeutic Equivalence compared to drug (Active Pharmaceutical Ingredient/ API).   

 

Those working on inorganic/ metal system may be encouraged with greater translational potential for in-vitro 

diagnostic system, imaging and areas like metal-biotics (use of metal nanoparticle as antimicrobials). Understanding 

of nano-bio-interface is of utmost importance for successful innovation which can be translated to commercially viable 

product.  
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KN-6 Role of conserved residues in catalytic activity of NDM-1: an 

approach of site directed mutagenesis and molecular dynamics 
 

Asad U Khan and Abid Ali 

Interdisciplinary Biotechnology Unit, A.M.U., Aligarh 202002 India 

Abstract: 

Spread of New Delhi Metallo Beta-Lactamase-1 (NDM-1) producers is a matter of major public health concerns due 

to drug resistance against carbapenems. The infection caused by carbapenem-resistant enterobacteria (CRE) is being 

classified as serious problem. To understand structural and function of NDM-1, amino acid replacement approach is 

considered as one of the methods to get structural insight. Therefore, we have generated novel mutation (N193A, 

S217A, G219A ,Q123A, K125A, D212A, D192A and T262A) near active site and omega-like loop to know the role 

of conserved residues of NDM-1. Specifically, the effect of the (N193A, S217A, G219A ,Q123A, K125A, D212A, 

D192A and T262A) mutants were  evaluated by antimicrobial susceptibility testing, kinetic, and molecular dynamic 

(MD) studies. The minimum inhibitory concentration (MIC) of ampicillin, imipenem, meropenem, cefotaxime, 

cefoxitin and ceftazidime in all mutants as compared with wild type NDM-1 producing strain were found reduced by 

2 to 6 fold and increased in the Q123A 2 fold. The enzyme kinetics parameter Km values were increased while Kcat 

and Kcat/Km values were found decreased as compared to wild type.  The affinity as well catalysis paraperties of the 

N193A, S217A, G219A and T262A mutants were reduced considerably for imipenem, meropenem, cefotaxime, 

cefoxitin, ceftazidimem as compared wild type  hence the catalytic efficiency (Kcat/Km) of all mutant enzymes were 

reduced as owing to the poor affinity of the enzyme. IC50 values of mutant N193A, S217A, G219A and T262A with 

each drug was reduced as compared to wild type NDM-1. MD simulation and docking result indicated that all protein 

models along with wild type, showed stable and consistent behavior of RMSD, RMSF and Rg. The secondary structure 

of all mutant proteins showed a significant change in  α-helices contents were reduced by 13%, 6%, 14 % and 9% as 

compared to NDM-1, determined by molecular dynamics simulation and CD spectrophotometer. Hence, it reveals an 

imperative role of near active site residues in the enzyme catalytic activity of NDM-1. 
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KN-7 Nanotechnology and its Advanced Applications in Veterinary 

Medicine 

Dr. Manzoor-ur-Rahman Mir 

Prof & Head, Division of Veterinary Biochemistry, SKUAST -K 

Abstract: 

Nanotechnology is a new enabling technology that has the potential to revolutionize veterinary medicine, animal 

health and other areas of animal production. The development of new techniques to manipulate materials at their 

nanoscale level has brought evolutionary effect on various medical sciences. In medical sciences, they are used for 

diagnostic or therapeutic purposes. They can also be applied in the preparation of nanovaccines and nanoadjuvants. 

Recently, various applications of nanotechnology started to find their way in the veterinary sector. They increasingly 

invade animal therapeutics, diagnostics, production of veterinary vaccines, farm disinfectants, for animal breeding 

and reproduction, and even the field of animal nutrition. Their replacement of commonly used antibiotics directly 

reflects on the public health. By so doing, they minimize the problem of drug resistance in both human and veterinary 

medicine, and the problem of drug residues in milk and meat. Nanotechnology offers revolutionary solutions for the 

most serious problems faced by veterinarians such as tuberculosis, brucellosis, methicillin-resistant Staphylococcus 

aureus (MRSA), foot-and-mouth disease (FMD), and even infections with intracellular or blood pathogens. Trials to 

direct the administrated agents towards mastitic udders are under investigation. The application of nanodrugs offers 

many advantages against the conventional drugs in many aspects, one of them is their independent decision-making. 

NPs targeting bacterial toxins and receptor have been developed in order to bind the pathogenic microflora in the gut 

before being excreted outside the body. The development of NPs combined with antibodies or nucleic acid enables 

the development of rapid, sensitive, specific, and portable diagnostic assays. The development of nano- and biochips 

has helped not only in pathogens diagnosis but also in understanding the genetic predisposing factors. DNA and 

protein microarrays have also been developed to determine drug efficiency and gene expression. In addition, they have 

a great economic impact, by minimizing the amounts of discarded milk and the number of culled calves in dairy herds. 

Nanotechnology has provided revolutionary advances in all branches of veterinary medicine such as diagnosis, 

treatment, vaccination, animal production and reproduction, feeding, and hygiene. 

 Thus the field of nanotechnology and its applications in human and veterinary medicine has shown great potential 

with exciting features of disease diagnosis and treatment.  
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IT-1 A Curious case of cysteines in human peroxiredoxin I 

 
Ashu Mohammada, Reena V Sainia, Christine Winterbournb, Deepak Sharmac, Adesh K Sainia* 

aDepartment of Biotechnology and Central Research Cell, MMEC, Maharishi Markandeshwar (Deemed to be 

University), Mullana, Ambala, Haryana, 133207, India 

b Council of Scientific and Industrial Research-Institute of Microbial Technology, Chandigarh, India 

cCentre for Free Radical Research, Department of Pathology and Biomedical Science, University of Otago, 

Christchurch, New Zealand 

 

Abstract: 

Oxidative stress plays a critical role in many diseases like cancer, atherosclerosis, aging etc. Peroxiredoxins (Prxs) are 

antioxidant proteins that are involved in cellular defence against reactive oxygen species and reactive nitrogen species. 

Humans have six peroxiredoxins, hPrxI-VI. Despite the high conservation between hPrxI and hPrxII, hPrxI behaves 

differently from hPrxII in its peroxidase and chaperone activity. We recently showed in yeast that in the absence of 

Tsa1 and Tsa2 (orthologs of hPrx) hPrxI protects the cells against different stressors whereas hPrxII does not. To 

understand this difference, we expressed catalytic mutants of hPrxI in yeast cells lacking the orthologs of hPrxI/II. We 

found that the catalytic mutants lacking peroxidase function including hPrxIC52S, hPrxIC173S, hPrxIT49A, hPrxIP45A and 

hPrxIR128A were not able to grow on media with nitrosative stressor (sodium nitroprusside) and unable to withstand 

heat stress, but surprisingly they were able to grow on an oxidative stressor (H2O2). Interestingly, we found that hPrxI 

increases the expression of antioxidant genes, GPX1 and SOD1, and this is also seen in the case of a catalytic mutant, 

indicating hPrxI can indirectly reduce oxidative stress independently of its own peroxidase function and thus 

suggesting a novel role of hPrxI in altering the expression of other antioxidant genes. Furthermore, hPrxIC83T was 

resistant to hyperoxidation and formation of stable high molecular weight oligomers, which is suggestive of impaired 

chaperone activity. Our results suggest that the catalytic residues of hPrxI are essential to counter the nitrosative stress 

whereas Cys83 in hPrxI plays a critical role in hyperoxidation of hPrxI1. [Acknowledgement: Indo-New Zealand grant 

by DST-MBIE.] 
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IT-2 Thermoresponsive Interfaces for Corneal Cell Sheet 

Engineering 

Dr. Naresh Kasoju PhD, MRSB, MNASc 

Scientist-C (Applied Biology), Division of Tissue Culture, Department of Applied Biology, Biomedical Technology 

Wing, Sree Chitra Tirunal Institute for Medical Sciences and Technology (An Institution of National Importance, 

Department of Science & Technology, Government of India), Thiruvananthapuram 695012, Kerala, India. E-mail: 

naresh.kasoju@sctimst.ac.in, Web: http://www.sctimst.ac.in/people/naresh.kasoju 

 

Abstract: 

Disease, aging or accidental damage of the corneal tissues, particularly the ocular surface which is a major component 

of the visual system, results in partial or complete blindness. Restoration of corneal epithelial tissue by the gold 

standard keratoplasty approach is limited due to shortage of donors. Cell sheet technology, a scaffold-free tissue 

engineering strategy, is a potential alternative approach to recreate commercially and clinically viable 3D corneal 

tissues. Poly(N-isopropylacrylamide) (PNIPAAm) based thermo-responsive substrates are the cornerstone of this 

bottom-up approach. Our group has successfully synthesized a novel PNIPAAm based thermoresponsive polymer and 

characterized its physico-chemical properties and evaluated its potential applications as a substrate for corneal 

epithelial cell sheet engineering. 
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IT-3 Smart and sustainable materials in Breast Cancer Treatment 
 

Naved Malek 

Department of Chemistry, S.V. National Institute of Technology, Surat 395007, Gujarat, India 

navedmalek@chem.svnit.ac.in 

 

Abstract: 

Developing targeted drug delivery vehicle that is more effective, safer, smarter, and have no or less adverse effects on 

the healthy cells is in demand for the prevention of the cancer recurrences. At Ionic Liquid Research Laboratory 

situated at Department of Chemistry, SVNIT, we are designing new age materials, the Ionic Liquid Based Surfactants 

(ILBSs) that are ‘green’, easy to prepare and have superior properties than their traditional counterparts. Aggregation 

behavior of the ILBSs in aqueous and non-aqueous medium, with and without additives is being explored in our 

laboratory. To show our attempts towards more recent proof-of-concept towards developing a stimuli-responsive, self-

healable, adhesive, and injectable polymeric hydrogel, in the present talk, I will focus on discussing our efforts on 

designing injectable polymeric hydrogel that have an ester-functionalized ionic liquid as one of the additives for the 

encapsulation and localized delivery of the anticancer drug.  The designed polymeric hydrogel responds to intracellular 

biological stimuli (e.g., acidic pH of cancerous cells and temperature), changes the morphology through changing the 

shape and size of the gelator within the hydrogel matrix, and releases encapsulated doxorubicin (DOX) at the tumor 

site efficiently. I will discuss about the biocompatibility and cellular drug uptake study of the hydrogel system on 

human breast cancer (MCF-7) and human cervical carcinoma cells (HeLa). Overall, the aim of this presentation is to 

give an overview of the efforts carried out in our group on the use of ILBSs and their derivatives in the field of drug 

delivery, paying attention to the most recent advances together with a critical outlook on where efforts should be 

shifted in the field. 
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IT-4 Bioprocess Engineering for Microbial Process Scale-Up 

 
Dr. K. Narasimhulu 

Associate Professor, Department of Biotechnology, National Institute of Technology Warangal 

Simha_bt@nitw.ac.in 

 

Abstract: 

Physical parameters in stirred‐tank bioreactors are affected by scale. It also focuses on scaling up based on geometrical 

similarity, to better illustrate the effect of scale on different process parameters. In a stirred bioreactor, mechanical 

agitation keeps cells and microcarriers in suspension, provides mixing to create a more homogeneous chemical 

environment, and creates a flow pattern that increases the retention time of gas bubbles in the culture fluid, enhancing 

oxygen transfer. In a stirred tank, the flow patterns generated by different impellers are generally classified as one of 

two types: axial flow or radial flow. Three dimensionless numbers are frequently used to predict the performance of 

a stirred tank when the scale changes. Each of those three dimensionless numbers deals with one of the three important 

characteristics of bioreactor operations. These characteristics are: fluid velocity, volumetric flow rate, and mixing 

time. Theoretically the following criteria are assumed suitable basis for scale up of bioreactors. A. Constant power 

input per unit volume. B. Constant KLa C. Constant mixing quality D. Constant momentum factor, E. Similar drop 

size distribution, F. Constant impeller tip speed, G. Constant mixing rate number. Short accounts of scaling up of 

bioreactors of fermenters on the basis of these criteria will be discussed in the talk. 
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IT-5 Marine Derived Biomaterials: A Major Potential for Tissue 

Engineering and Regenerative Medicine 

Magapu Solomon Sudhakar 

Assistant Professor, Applied Biotechnology Department 

Sur College of Applied Sciences 

Ministry of Higher Education, Sur, P.O.484, P.C.411, Sultanate of Oman. 

Corresponding author: magapus.sur@cas.edu.om. 
 

Abstract: 

The engineering of human tissues to heal ailments is an interdisciplinary and a very intriguing branch of science in 

biotechnology industry and academia. Biomaterials play a vital role as supportive material like scaffolds in the field 

of regenerative medicine. Since these scaffolds aid in healing of tissue wounds by promoting cell growth and 

differentiation. Marine organisms own a plethora of properties, which manifest their intrinsic characteristics 

suitable for various biomedical applications, either directly modified or as prototypes for biomimicking. Various 

types of biomaterials have been employed for scaffold manufacturing for example ceramics and polymers, naturals 

and synthetics, metals, composites and hydrogels. Three-dimensional (3D) biomaterial scaffolds can act as crucial 

matrix for the development of naive tissue growth via interacting with human cells. Naturally derived marine 

biomaterials can provide mechanical and physical properties for the growth of tissue and faster healing of the 

wounds. Bone related ailments can be cured by collagen derived from fishes which imitates the similar quality as 

obtained from other sources like bovine, but the fish derived collagen does not carry the risk of encephalopathy or 

other transmissible diseases which are potential risk of bovine source of zoonosis. Hydroxyapatite [HAp, 

Ca10(PO4)6(OH)2] is yet another potential bioceramics obtained from marine sources like fishes, crustaceans, 

coral and marine algae. Hydroxyapatite is derived from fish scales and bones by various methodologies inducted 

for the manufacturing of scaffolds like, thermal calcination, alkaline hydrolysis and polymer-assisted methods. HAp 

is considered for the potential applications for bone related ailments as HAp had its niche of properties like 

biocompatibility, bioactivity and osteoconductivity properties. Scaffolds synthesized from HAp nanoparticles had 

been widely analyzed for their array of properties like proliferation of osteogenic cells and the effect of HAp in 

these cells culminating into the mitogenic, gene expression, reinforcement of mechanical strength and support to 

the colonization of osteoblast cells for bone regeneration. Therefore, hydroxyapatite from marine source had been 

mailto:magapus.sur@cas.edu.om
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a promising biomaterial for addressing bone related diseases as these bioceramics had been inert material with little 

immune response to the patients where these had been applied for healing. But its fragility and slow degradation 

had its own limitations in the applications of tissue engineering. The marine crustaceans predominately shrimps, 

and lobsters are the potential source of biomaterial chitin, chitosan and alginate which are appropriate for both hard 

and soft tissue regeneration. Scaffolds synthesized from chitosan are obtained by freeze-drying techniques which 

manifest high porous scaffolds and enables pore interconnectivity. Chitosan owning to its positive charges enables 

ssssgood cellular adhesion and interaction with glycosaminoglycans and proteoglycans present in living tissues. 

Earlier Bi et al., had demonstrated that chitosan can be used as injectable biomaterial, which was a composite 

scaffold of tricalcium phosphate (TCP), chitosan and platelet rich plasma (PRP). This group had used mesenchymal 

stem cells (MSC) which were seeded on the injectable biomaterial to test in-vivo its capacity to heal the bone 

fracture in goat femora. 

Keywords- Biomaterials, Bone ailments, Chitosan, Hydroxyapatite, Mesenchymal stem cells (MSC), Tricalcium phosphate 

(TCP). 
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Presentations for Young Scientist Awards 

 

YSA-1 Structure-based drug repurposing to inhibit the DNA gyrase 

of Mycobacterium tuberculosis 
 

Balasubramani G L1, Rinky Rajput1, Manish Gupta1, Pradeep Dahiya2, Jitendra K Thakur2, 

Rakesh Bhatnagar3 and Abhinav Grover1*  

1School of Biotechnology, Jawaharlal Nehru University, New Delhi, India - 110067. 

2National Institute of Plant Genome Research, Aruna Asaf Ali Marg, New Delhi, India - 110067. 

3Banaras Hindu University, Banaras, Uttar Pradesh-221005, India  

(E-mail: glbala87@gmail.com) 

 

Abstract: 

Drug repurposing is an alternative avenue for identifying new drugs to treat tuberculosis (TB). Although TB can be 

cured with anti-tubercular drugs, the emergence of multidrug-resistant and extensively drug-resistant strains 

of Mycobacterium tuberculosis H37Rv (Mtb), as well as the significant death toll globally, necessitate the 

development of effective drugs to treat TB. In this study, drug repurposing approach was employed to address this 

drug resistance problem by screening FDA-approved drug database to identify novel inhibitors of the Mtb target 

enzyme, DNA gyrase. The compounds were screened against the ATPase domain of gyrase B subunit (MtbGyrB47), 

and the docking results showed Echinacoside, Doxorubicin, Epirubicin, and Idarubicin as extremely high binding 

energies against MtbGyrB47. Comprehensive assessment using fluorescence spectroscopy, SPR, and CD titration 

studies revealed that Echinacoside as potent binder against MtbGyrB47. Further, ATPase, and DNA supercoiling 

assays exhibited IC50 values of 2.1-4.7 µM for the identified compounds. However, the least MIC90 values of 6.3 and 

12 μM, respectively, were observed for Epirubicin and Echinacoside. Hence, our findings indicate Echinacoside, and 

Epirubicin targets mycobacterial DNA gyrase, inhibits its catalytic cycle, and retards mycobacterium growth. Further 

these compounds exhibits potential scaffolds for optimizing novel anti-mycobacterial agents that can act on drug-

resistant strains.   

 

Keywords: DNA gyrase, Mycobacterium tuberculosis, ATPase, DNA supercoiling, ATP hydrolysis. 
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YSA-3 Cellular Cytotoxicity of Zinc Oxide Nanomaterials and their 

Remediation by Macromolecules Withanolide-Withaferin A 

 
*1Jitendra Kumar, 1Ahmed Hussain, 1Gautam Kaul, 2Murli Dhar Mitra 

 
1ICAR-National Dairy Research Institute, Karnal -132001(HR), India 
2Department of Chemistry, Indian Institute of Technology, BHU, Varanasi, Uttar Pradesh, 221005, India 

*Corresponding author: drkumar5678@gmail.com 
 

 

Abstract: 

In the current scenario, ZnO NPs are used as a new type of micronutrient zinc source as food additives for the food 

and dairy industry. Due to good antimicrobial ability, zinc-based nanomaterials (NMs) are added to food packages 

and also used for nutritional purposes. It is also being used as a dietary supplement for livestock (feed additives) and 

humans but the usage of ZnO NPs has generated the debate on health complications of this nanomaterial with studies 

showing possible toxicity. In vitro cell line studies have shown decreased mitochondrial function (cell viability) and 

oxidative stress after exposure to ZnO NPs in Tetrahymena thermophila and cytotoxic properties may be affected by 

the dose rate and physicochemical properties (size and shape) of ZnO NPs.The Balb/c mice were divided into eight 

groups with six animals each for 4 weeks of treatment. Control group which was divided into two subgroups; control 

group (n = 6) was given 0.3 mL drinking water and vehicle control group (n = 6) received 0.3 mL of ethanol (10%) 

and the next two groups (ZnO NPs treated, n = 6) received 5.0 and 50 mg/kg b.w/day by oral gavages according to the 

organization for economic cooperation and development (OECD) guideline and another four groups (n = 6) were 

treated with a repeated dose of 5.0 and 50 mg/kg b.w of ZnO NPs along with co-treatment WS (3.5 mg/dose/animal) 

and WA (2.5 mg/kg b.w) for 4 weeks. The animals were administered with ZnO NPs to investigate the effect of ZnO 

NPs on animals. Further, the protective effect of WS and WA against ZnO NPs investigated. After 28 days exposure 

period of administration, animals were euthanized and different organs in PBS solution, and the peritoneal fluid was 

collected in fresh Dulbecco's Modified Eagle's Medium Hams F-12 (DMEM) media.In vivo study showed that dose-

dependent reduction in phagocytosis, an increase in the levels of NO production along with up-regulation of TLR6, 

arginase gene was significant (P < 0.05) in ZnO NPs exposed animals. However, cytotoxicity of ZnO NP was reduced 

in presence of WS and WA with decreased TLR6 overexpression and restoration of phagocytic activities of 

macrophages. Overall, our results suggest that WA steroidal lactone derived from WS one of the medicinal plants of 
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the Solanaceae family has cytoprotective activities. It could be concluded that WA and WS have antioxidant and anti-

inflammatory properties against ZnO NPs generated cytotoxicity. Our study also implies that the administration of 

WA and WS show beneficial effects in restoring macrophages activity on the ZnO NPs mediated cytotoxic effect in 

male Balb/c mice. The cytotoxic protective properties of WS defend the cells from oxidant injury impaired by ZnO 

NPs. It means WS could be used as a medicine in ZnO NPs induced cytotoxicity; further ZnO NPs are toxic only at 

50 mg/kg/b.w or above dose as it was indicated in our work in mice model. 

 

Keywords: nanomaterials, cytotoxicity, phagocytosis, Withaferin A, antioxidant, anti-inflammatory 
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YSA-4 Metal-Free Polyester Nanomaterial for Biomedical Use and 

Potential Clinical Application 

 
Piyush Kumar Gupta 

 
Sharda University 

piyush.kumar1@sharda.ac.in 

Abstract: 

 

Polyester nanomaterials have been widely used in drug delivery application from a longer period of time. This study 

reports the synthesis of metal-free semi-aromatic polyester (SAP) nanomaterial for drug delivery and evaluate its in 

vivo acute and systemic toxicity for potential clinical application. The ring opening copolymerization of commercially 

available cyclohexene oxide (CHO) and phthalic anhydride (PA) monomers was carried out to synthesize fully 

alternating poly(CHO-co-PA) copolymer using metal-free activators. The obtained low Mn SAP was found to be 

biocompatible, hemocompatible and biodegradable nature. This copolymer was first-time used to fabricate curcumin 

(CUR) loaded nanoparticles (NPs). These NPs were physicochemically characterized. Further, these negatively 

charged core-shell spherical NPs exhibited slow sustained release behavior of CUR with anomalous transport and 

further displayed its higher intracellular uptake in SiHa cells at different time-periods compared to free CUR. In vitro 

anticancer therapeutic effects of free CUR and poly(CHO-alt-PA)-CUR NPs were evaluated on different cancer cells. 

We observed the increased cytotoxicity of CUR NPs with low IC50 values compared to free CUR. These results were 

further substantiated with ex vivo data where, a significant reduction was observed in CUR NPs treated tumor 

spheroid’s size as compared to free CUR. Furthermore, the different doses of metal-free poly(CHO-alt-PA) 

nanomaterial were tested for its acute and systemic toxicity in BALB/c mice. We did not observe any significant 

toxicity of tested nanomaterial on vital organs, blood cells and the body weight of mice. Our study suggest that this 

metal-free SAP nanomaterial can be used for potential clinical application. 

 

Keywords: Polyester, Nanomaterial, Metal-free, Drug Delivery, Clinical Application 
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YSA-5 Serotype-specific clinical manifestations of dengue in 
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Moushumi Ghosh Roy1,2*, Din Islam2, Kutub Uddin3, Anjuvan Singh1 and Mohammad Monirul 

Islam2** 

1Department of Biochemistry, Lovely Professional University, Punjab, India 
2Biochemistry and Molecular Biology, University of Chittagong, Chittagong 4331, Bangladesh  
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 *Presenting author: moushumi27@yahoo.com, **Correspondence to MMI (islammm@cu.ac.bd). 

 

Abstract: 

Dengue is a mosquito-borne viral disease n tropical and sub-tropical countries of the world. The dengue disease is 

caused by structurally similar but antigenically distinct four dengue virus (DENV) serotypes (DENV1~4). DENV 

infections cause various degrees disease spectrum, ranging from undifferentiated fever to severe hemorrhagic fever. 

Although a considerable proportion of persons being infected with DENVs remain asymptomatic, the dengue is 

preliminary characterized by typical high fever, named as “dengue fever (DF)”, and in severe cases, DENV infections 

manifest severe dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS). The clinical symptoms of 

dengue fever, in general, are high fever, headache, myalgia, arthralgia, and rash. On the other hand, symptoms of 

dengue hemorrhagic fever and dengue shock syndrome include hemorrhagic manifestation, leakage of vascular 

fluids and shock accompanied by thrombocytopenia and abundant complement activation. In this study we attempted 

to investigate DENV seroprevelance in Chittagong, Bangladesh along with clinical manifestation of dengue from 

infecting DENV serotypes. Among the 112 samples (dengue positive by traditional NS1-based diagnosis) tested by 

RT-PCR, 42 were DENV positive where 71.42% samples were infected with single serotype DENV infection and 

28.57% were concurrently infected with two or more DENV serotypes. Interesting, the most prevailed serotype was 

DENV4, followed by DENV2, DENV1 and DENV3 Furthermore, in the most cases of concurrent multiple DENV 

infections DENV1 (90%) was the most common. A detail analysis of clinical data clearly indicated that DENV1 and 

DENV2 resulted very similar patterns of clinical symptoms which were quite different from those caused by DENV3 

and DENV4. To be more specific, vomiting, muscle pain and diarrhea were absent only in the cases of DENV3 

infection and rash was absent in DENV4 infections. In almost all cases of concurrent infections disease severity 

increased with increasing serotype number. 

mailto:moushumi27@yahoo.com
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OP-1 Grown-up mesenchymal immature microorganisms 

for tissue designing versus regenerative medication 
 

                                                            Shubham 

 
Dyal Singh College, Karnal (132001), Haryana, India 

                                      bhattishubham25@gmail.com 
 

Abstract: 

Grown-up Mesenchymal Stem Cells (MSCs) can be confined from bone marrow or marrow suctions and in light of 

the fact that they are culture dish follower, they can be extended in culture while keeping up their multipotency. The 

MSCs have been utilized in preclinical models for tissue designing of bone, ligament, muscle, marrow stroma, 

ligament, fat, and other connective tissues. These tissue engineered materials show significant guarantee for use in 

revamping harmed or sick mesenchymal tissues. Unforeseen is the acknowledgment that the MSCs emit a huge 

range of bioactive particles. These particles are immunosuppressive, particularly for T cells and, hence, allogeneic 

MSCs can be considered for helpful use. In this unique circumstance, the emitted bioactive atoms give a 

regenerative microenvironment to an assortment of harmed grown-up tissues to restrict the region of harm and to 

mount a self regulated regenerative reaction. This regenerative microenvironment is alluded to as trophic action 

and, accordingly, MSCs give off an impression of being significant arbiters for tissue fix and recovery. The 

characteristic titers of MSCs that are attracted to destinations of tissue injury can be expanded by allogeneic MSCs 

conveyed through the circulation system. In reality, human clinical preliminaries are currently under approach to 

utilize allogeneic MSCs for treatment of myocardial infarcts, graft versus host illness, Crohn’s Disease, ligament and 

meniscus fix, stroke, and spinal string injury. This audit sums up the organic reason for the in vivo working of MSCs 

through turn of events and maturing.  

  Keywords- Mesenchymal Stem Cells (MSCs), bioactive, immunosuppressive, microenvironment, 

myocardial  
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OP-2 Prevalence of highly drug resistant Uropathogens in a 

Tertiary care hospital, Chattisgarh 

*Sahu Rajesh Kumar1, Dr. Sao Shweta1, Dr. Murthy Ramanesh2 

1Dr. C. V. Raman University 
2Chhattisgarh Institute of Medical Science 

*Corresponding author: rsahu963@gmail.com 
 

Abstract: 

Prevalence of Highly Drug Resistant Uropathogens (HDRU) uropathogens become worldwide problem and lead to 

limited drug choice for the treatment of Urinary Tract Infections (UTIs). This study was undertaken to emergence 

of HDRU bacteria in urine collected from the patient tertiary care hospital, Bilaspur, Chhattisgarh. Clean catch mid-

stream urine sample collected in a sterile container from the patient and cultured on MacConkey, Blood and SDA 

culture media. Antibiotic susceptibility tested each uropathogen by Kirbey Bauer’s diffusion method. This study was 

undertaken to the prevalence of Highly Drug Resistant Uropathogens (HDRU) in the population of Chhattisgarh. A 

total 267 uropathogens Isolated and identified. A total 178(66.67%) gram negative and followed by gram positive 

bacteria 84(31.46) % and 05(1.87%) Non-albicans candida was identified. The Most prevalence of HDRU was E. 

coli 111(41.7%) followed by Pseudomonas aeruginosa 29(10.9%), Klebsiella pneumoniae were 16(8.82%) whereas 

Enterococcus species 49 (18.4%) and Methicillin Resistant Staphylococcus aureus (MRSA) were 25(9.36%). Gram 

negative uropathogens were most resistant to ampicillin 89(50.0%), Amoxicillin clavulanic acid 72(40.4%), 

Norfloxacin 84(47.2) and Nitrofurantoin were 77(43.26%) and least resistant to Imipenem 29(16.3%). Among the 

gram positive they were most resistant to Nitrofurantoin 53(63.1%), Vancomycin 5(5.95%) while least resistant to 

Linezolid 11(13.09%) and Enterococcus species was resistant to High Level Gentamicin (HLG) 20(40.8%). This 

study shows highly drug resistant against to Ampicillin and Ciprofloxacin, and least to Imipenem, need to develop 

regional surveillance program is highly recommended for national implementation of national HDRU guidelines in 

Indian settings. We are confident that this research will be helpful in the treatment and awareness of prevalence of 

Highly Drug Resistant Uropathogen in the population of   Chhattisgarh. 

Keywords: Uropathogens, MRSA, HDRU, Antimicrobial Susceptibility Test 
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OP-3 Development of Lateral Flow Kit for the Detection of Tamm 

Horsfall Protein in Urine 
 

Tanvi Sharma, *Tanzeer Kaur 

Department of Biophysics, Panjab University, Chandigarh 

*Correponding author: tanzeer.kaur@pu.ac.in 

 

Abstract: 

 

Since past few decades, world has witnessed an escalation in the prevalence of renal injuries which culminates into 

diseases such as hypertension, diabetes. These diseases result in blood vessels damage in kidneys due to high blood 

sugar and high blood pressure. However, despite advancements in the technologies pertaining to the detection of 

injuries via Lateral Flow Assay (LFA) test kits, a potent marker to distinguish the onset of renal injury still remains 

unexplored. Although, several urinary proteins are being investigated for their role in detecting renal distortion, Tamm 

Horsfall Protein (THP) has gained profound attention. THP is produced by renal epithelial cells and is the most 

abundant urinary protein which has shown tendency to aggregate at higher concentrations. Therefore, our study was 

aimed to facilitate the early detection of kidney injuries by exploring a biological marker in order to advance the 

process of LFA test kit development. Initially, THP was isolated and purified from the urine of a healthy individual. 

This THP was used to generate antibody in New Zealand white male rabbit by subcutaneously immunization to 

produce anti-THP antibody. This anti-THP antibody was purified from the rabbit serum using Protein A column, and 

further conjugated with gold nanoparticles. Gold nanoparticles (GNPs) of the size of 21 nm were synthesized by the 

chemical reduction method and used to conjugate with the antibody in varying pH from 7.5 – 9. The test kits with 

water as a sample showed negative result whereas the kits having THP as a sample gave positive result. The sensitivity 

of the test was 1mg/ml. Therefore, a lateral flow immunoassay kit was developed for the detection of urinary Tamm 

Horsefall Protein which can appreciably aid in the early diagnosis of renal injury. 

Keywords: Tamm Horsfall Protein, Renal injury, Lateral Flow Assay kit, Biological marker 
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Abstract: 

Chronic myeloid leukemia (CML) is a hematopoietic pluripotent stem cell disease characterized by the increased 

proliferation of mature granulocytes and their originators. CML treatment with imatinib has greatly enhanced the 

overall survival rate of the patients, still it is a serious threat to human health and life. The resistance against imatinib 

is occurring as a result of the low intracellular availability of the drug. This is probably due to a number of cases of 

imatinib resistance came into existence due to multiple reasons. The mechanisms comprised those independents of 

fusion gene are the regulatory factors associated to drug metabolism and drug transport to inward and outward of the 

target cells. Therefore, a polypharmaceutical approach was hypothesized to find or minimize this problem. In this 

regard, Maybridge compounds (MBFs) are pharmacophore rich and metabolite like compounds used as binary 

weapon which may have affinity with membrane and enhance the therapeutic index of the drug in leukemia cells. 

Therefore, the aim of this study includes screening of few compounds of Maybridge Fragment library in order to 

find useful hits for K562 cells treated with imatinib and visualizing the best concentration for those selected MBF 

hits along with determination of proper cell number for the experiment. Measuring the mRNA expression of reference 

gene and transporter genes after treatment with MBFs and imatinib. Hence, we can conclude that the effectiveness 

of the treatment is likely to be influenced by the occurrence of enhanced expression of these transport enhancer 

molecules on target cells in a broad way. Finally, it will make an exciting time to discover different mechanisms 

behind CML pathogenesis. 

Keywords: Chronic Myeloid Leukemia, Imatinib, K562 Cell line, MBF 
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Abstract: 

Guanylate binding proteins (GBPs) are IFN-induced subfamilies of GTPases. GBPs are essential components of cell-

autonomous immunity, involved in cell-intrinsic immunity and the regulation of inflammation. In the present study, 

the macrophages of human (THP1, differentiated using PMA) was stimulated by pro- inflammatory stimulant (IFN-

γ) and TLR agonist (LPS) and expression of different GBPs (1-5) were analysed at different time intervals by real 

time-PCR. GBPs are selectively up-regulated in vitro by a set of proinflammatory cytokine and TLR agonist. The 

fold expression of mGBP1–5 transcripts by IFN-γ & LPS were induced in a time-dependent manner which showed 

increase in the expression level up to 12 h of stimulation followed by decrease/constant at 15h of stimulation. Further, 

GBP1 siRNA mediated silencing achieved significant, and transcription level of different cytokines (IL-4, IL-10, IL-

12β, iNOS2, IFN- γ, TNF-α, H2Aa, PKR) and chemokines (CXCL9, CXCL10 and CXCL11) were reduced. 

Moreover, these were induced expression along with GBP1 after treatment of IFN-γ/ LPS. GBPs are highly 

transcriptionally induced IFN response genes that appear to be intricately involved in host-pathogen interactions. So, 

we can define them as an interesting target for future immunological and cell biological studies as host effector 

proteins of the immune response toward intracellular pathogens. 

Keywords - GBP, INF-γ, LPS, Macrophages, qRT-PCR 
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Abstract: 

Lactic acid bacteria (LAB) are economically important due to their fermentative aptitude as well as health and 

nutritional benefits. Pediococcus acidilactici NCDC 252 is a potential probiotic that exhibited adherence to human 

intestine, colonization and survival in conditions mimicking gastric, intestinal and vaginal fluid. Its genome is novel 

genome and biochemical analysis further supported its safety as probiotic. NCDC 252 was screened for production of 

antimicrobial peptide (AMP) by spot on lawn method and measuring zone of inhibition (ZOI) against E. coli (standard 

strain). Purified AMP were studied for their potency as biopreservative and food additive so as to prevent pathogens 

and food spoilage bacteria. Purified AMP (different concentration) were incubated with dairy products (viz., goat 

milk, cow milk, buffalo milk, skimmed milk, curd and butter), apple juice, apricot pulp and pre-pasteurized wine for 

72 hours. Similar experiment was also carried with whole cells of NCDC 252 at two different CFUs concentration (P1 

= 1 x 108 CFU/ml and P2 = 5 x 108 CFU/ml). Bacterial growth decreased significantly in the AMP treated food 

products. The decrease was more after 72 hours of AMP treatment as compared to 24 hours of AMP treatment. Viable 

cell count decreased from 9 to 4.4 Log CFU/ml in curd, 4.0, 4.1, 4.0, 4.1, 4.0, 3.6, 3.8 and 3.9 Log CFU/ml in apple 

juice, apricot pulp, wine, cow milk, buffalo milk, goat milk, skim milk and butter, respectively. Study of whole NCDC 

252 cells for their ability to reduce the bacterial growth revealed the decreased growth but results were more promising 

with purified AMP. 

Keywords: Biopreservative, Antimicrobial peptides, LAB, Pediococcus acidilactici, adherence, colonization 
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 Abstract: 

About 186 million tons of liquid whey is being globally produced from the dairy industry with approximately 2% 

annual average growth (USDEC, 2003). Majorly whey production of the world discarded as effluent, and its removal 

as waste, carriages serious problems to the surroundings in the environment. Therefore, there is an immediate need 

for an effective and permanent solution. However, lactic acid production by fermentation via Pediococcus 

Pentosaceus is a product inhibited process. High acid tolerance and production of proteinaceous antimicrobials also 

known as pediocin PA-1 is a distinctive feature of Pediococcus Pentosaceus, which allows the process of 

fermentation to proceed nearly free of pollution.In this study the observes in detail the lactic acid production by the 

fermentation process of paneer whey lactose under aerobic conditions from the Pediococcus pentosaceus strain, 

therefore, when increase the bacterial cell growth in paneer whey then subsequently decreased the range of pH values, 

hence lactose utilization and increase in lactic acid concentration analyzed by RP-HPLC.The paneer whey processing 

for the development of paneer making powder which containing lactic acid. Hence, to perceive the phase of 

exponential behavior of the P. pentosaceus NCDC 273 strain in the paneer whey medium. The batch fermentations 

with the paneer whey lactose containing media at various range of pH values ranging from 3.98 ± 0.357 to 6.97 ± 

0.075. The lactic acid was the only main product obtained by this fermentation process. This fermentation was a 

homolactic process and after fermentation the RP-HPLC analyzed the results that no other component peaks 

excepting the acetate (<0.3%). Therefore, RP-HPLC analysis concluded that lactic acid yields were around 0.86 g 

from g lactose−1 in the whey permeates. The fermentation process was completed within 36 hours, under favorable 

pH conditions. Thus, from the present study we may conclude that the fermentation of paneer whey by P. pentosaceus 

NCDC 273 produced lactic acid through lactose utilization, former being the natural coagulant of the paneer making 

industry and an alternative to citric acid. Therefore, this becomes a revolutionary use of whey which would serve as 
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an important finding for the dairy industry, in the accordance with the decline in environmental pollution as well as 

in the preparation of appreciated products. 
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Functionalized Morpholinium Based Ionic Liquid through added 
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   Abstract: 

The wide-scale applications of surface-active ionic liquids (SAILs) are mainly because of their aggregation 

behavior, which can be modulated by judicious selection of head group, carbon-chain length, and external additives. 

Herein, we had reported for the first time sodium butyrate (NaBut) induced morphological transition from micelles 

to vesicles in the ester functionalized morpholinium and imidazolium-based SAILs. The structural transition was 

investigated through various state of the art analytical techniques, including turbidity measurements, DLS, Zeta 

Potential, small-angle neutron scattering (SANS), and fluorescence resonance energy transfer (FRET). Put together 

the data of DLS, SANS, and FRET;1 we had predicted the radius of micelles and bilayer thickness of vesicles, 

which suggests the interdigitation of the alkyl chains within the bilayers of the vesicles. Loading capacity and 

stability of the curcumin within the micelles and vesicles were investigated that concludes that vesicles because of 

its higher hydrophobic nature not only encapsulate higher curcumin within the bilayer of the vesicles but also inhibit 

its degradation.2 The proposed study would pave the way for the stabilization of the curcumin and increase its 

application potential in the biotechnology field.3 
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Abstract: 

 

Cancer monotherapy is associated with various limitations including compromised efficacy, dose-dependent side 

effects and drug resistance. Therefore, combination chemotherapy is widely explored for optimum drug efficacy. In 

the present study, the combination of institutional 4-(N-Phenyl-N’-substituted benzenesulfonyl)-6-(4-hydroxyphenyl) 

quinolone (4Q) based anticancer molecule was investigated in combination with α-tocopherol succinate (TOS) and 

mechanism of resultant cytotoxicity was elucidated. The cytotoxic potential of quinoline based molecule and TOS 

were determined in a panel of cell lines including A549, HCT-116, MIA PaCa-2, PC-3 and Panc-1. Further, towards 

understanding the mechanistic behaviour of selected molecule with TOS and their combination in a fixed molar ratio, 

various studies including morphological analysis using DAPI staining, measurement of intracellular reactive oxygen 

species level, determination of change in mitochondrial membrane potential, in vitro cell migration assay, acridine 

orange staining for autophagy detection were performed. The results indicated that the selected combination was 

synergistic in nature. It was also observed that the selected combination exhibited greater induced oxidative stress and 

mitochondrial dysfunction in MIA PaCa-2 pancreatic cancer cells. Also, the migration potential of MIA PaCa-2 cells 

were significantly mitigated under the influence of the selected combination and morphological changes such as 

chromatin condensation and nuclear blabbing, a hallmark of apoptosis in MIA PaCa-2 cells was observed. This study 

also demonstrated that caspase-3 activation and poly (adenosine diphosphate-ribose) polymerase (PARP) cleavage 

were observed in TOS/4Q combination treated cells. It was concluded that the investigated combination 

synergistically inhibited proliferation of MIA PaCa-2 cells through simultaneous induction of autophagy followed by 

apoptosis. 

Keywords: combination, apoptosis, synergistic 
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Abstract: 

Plastic has been used globally and every year it generates 500 to 600-ton plastic wastes. This huge accumulation of 

plastic wastes has become a severe issue for environment. Therefore, there is an urgent need for development of 

techniques to dispose plastics. Two modes of processes are being carried out for plastic degradation namely 

recycling and remediation. Remediation through biological means is gaining more and more popularity which is 

referred as bioremediation. Bioremediation can be carried out by plants as well as microbes.  Microbial remediation 

is mediated through the different clauses of enzymes secreted by them. The present review focuses on endophytes 

associated plants and their role in degradation of plastics. These endophytes secrete multifarious enzymes which 

can have potential in breakdown of components of plastics. Such endophytes need to be characterised and proper 

cataloguing is required. Enzymatic activity of these endophytes needs to be assayed for understanding of 

mechanism of degradation. Endophytes or their enzyme based formulation can be developed of microbe for 

degradation of plastics 

Keywords: Bioremediation, plastics, endophytes, enzymes 
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Abstract: 

Nanotechnology alludes to the technology done at nanoscale that has applications in the real world. Massive 

amelioration in the field of nanotechnology from the last few decades has allured the researchers to get profound 

understanding of the concept occurring at the nano- scale level. Nano-materials are the cornerstones of nano-

science and nanotechnology. In the field of nanotechnology, carbon nanostructures are adopted due to the presence 

of phenomenal properties which are valuable for electronic, optics and various other fields of material science and 

technology. After extensive research it is found that carbon is not the only element proficient of forming 

nanostructures. Various semiconducting oxides have stolen the limelight for formation of nanostructures. Among 

the functional oxides, Zinc Oxide (ZnO) is unique because it exhibits dual semiconducting and piezoelectric 

properties. This paper provides the highlights of zinc oxide as nano-structures. 

  Keywords: Nanotechnology; Nanostructures; Zinc oxide 
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Abstract: 

Ethnopharmacological relevance: Alseodaphne semecarpifolia Nees (Lauraceae) has a long history of use in 

traditional treatment of human breast cancer in central Western Ghats region of Karnataka, India.Considering the 

potential of traditional healing the anticancer efficacy of isolated bioactive compound was evaluated against human 

breast cancer cells (MCF-7). The phytochemical constituents were extracted from stem bark of A. semecarpifolia by 

sequential soxhlet extraction followed by isolating bioactive compound from stem bark methanol extract by employing 

bioactivity guided fractionation and purification processes using various chromatographic techniques. It was then 

characterized by using the combination of 1H-NMR, 13C-NMR, 2D NMR (COSY), MS and FTIR techniques. The 

cytotoxic activity of the isolated compound against MCF-7 and L6 cells was evaluated by MTT assay. The flow 

cytometry analysis was carried out to quantify the apoptosis induced and to evaluate the effects of the compound on 

cell cycle checkpoints in MCF-7 cells. AO/EtBr dual staining was employed to visualise the apoptotic changes induced 

by the compound and its ability to induce DNA damage in MCF-7 cells was assessed by comet assay. The efficacy of 

the compound on expression of p53, BRCA1 and BRCA2 tumor suppressor genes in MCF-7 cells was analysed by 

semi-quantitative PCR and qRT-PCR techniques. The isolated bioactive compound was identified as Icariin. It was 

found to be cytotoxic on MCF-7 cells with an IC50 of 42.15±1.78µg/ml and its effect on L6 cells was very least. It 

induced significant apoptotic effect in treated MCF-7 cells, which resulted in the cell cycle arrest at G0/G1, G2/M and 

S phases. The AO/EtBr dual staining revealed visual evidence for the induction of apoptosis whereas; comet assay 

revealed the induction of DNA damage in MCF-7 cells by displaying characteristic hedgehog tails. As well as Icariin 

significantly up regulated the expression of p53 and BRCA1 genes and down regulated BRCA2 expression. 

Experimental evidences reported in this study validate traditional medicinal insights of A. semecarpifolia as a potent 

anticancer agent against human breast cancer cells (MCF-7). As per our knowledge, this is the first scientific report 

of anticancerous bioactive compound from A. semecarpifolia. 

Keywords: Apoptosis, Cell cycle arrest, DNA Damage, Gene expression 
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Abstract: 

Prostate cancer is the sixth leading cause of mortality among the male population. It has been reported that among the 

top ten leading sites Kamrup district holds the 6th leading sites of prostate cancer in India. Androgen receptor (AR) 

mediated signaling pathway is mainly responsible for the origin of prostate cancer (PCa) and most of the drugs used 

in PCa are antagonist to this receptor. However, it has been observed that mutations like T877A and W741L in 

androgen receptors causes resistance to drugs like Flutamide and Bicalutamide, which are commonly used in prostate 

cancer. In order to tackle such resistance, identification and designing of novel ligands is of prime importance. In the 

present study, a series of phytocompound and their derivatives were designed and computationally optimized in order 

to investigate the interaction between designed ligands and mutated androgen receptors. For this study 150 molecular 

dockings were performed to find out the best interaction between designed ligands and mutated androgen receptors 

using Autodock Software. The docked complexes which showed binding energy above/close to their respective 

threshold levels were selected for further evaluation. The ligands were screened for drug likeliness characteristics 

using Molinspiration software while ADMET test was performed to pass the toxicity level. The selected complexes 

whose ligands qualified the above screening parameters were further subjected to Molecular Dynamics Simulation 

using GROMACS software in order to assess the stability of the complex. By conducting these studies, it was 

confirmed that phytocompounds like Isobavachin, Glabranin, Anthocyanin and their derivatives has the potential for 

designing a novel anticancerous drug for prostate cancer. However, in order to further strengthen the findings the 

potential ligands can be synthesized to perform in-vitro studies for further evaluation. 

Keywords: Flutamide, Bicalutamide, Autodock 
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Abstract:  

Though breast Cancer is the most deadly disease, there have been no precise or invasive biomarkers for early detection 

of breast cancer. Circulating microRNAs have been widely observed in the blood components of cancer patients. Due 

to the significance of miRNA in carcinogenesis, these circulating miRNA can be a unique biomarker for accurate 

detection of human cancers. Using microarray expression followed by Real Time quantitative Polymerase Cycle 

reaction, a comparative study was carried out on the miRNAs in plasma samples of 20 women with early stage breast 

cancer (10 Caucasian American (CA) and 10 African American (AA)) and 20 matched healthy controls (10 CA and 

10 AA). It was observed that 31miRNAs in CA study subjects and 18 miRNAs in AA study subjects were differentially 

expressed. They gave results that regulated miRNAs can create a distinction between patients with breast cancer and 

healthy controls.  Further inquiry suggested that circulating miRNAs regulate many pathways which include cell 

functions, cancer and progression. Hence this discovery has proven to be a novel and innovative one. 

Keywords: caucasianamerican, africanAmerican, carcinogenesis 
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Abstract: 

Arsenic is a naturally occurring metalloid in environment. Currently, presence of high level of arsenic in the 

groundwater has been reported to be affecting the millions of people, causing global health concern. Therefore, the 

present study was designed to evaluate the antidote effect of Tinspora cordifolia against arsenic induced nephrotoxicity 

in Charles Foster rats. In the present study, 24 Charles Foster strain rats were randomly divided into two groups. 

Group- I (n=6) used as control. Group-II (n=18) rats were orally treated with sodium arsenite at the dose of 8 mg/kg 

body weight/day for 90 days, then further divided into three sub group (n=6); Sub group- I arsenic treated were 

sacrificed after treatment; sub group II rats were used as arsenic control and the sub group III rats were administrated 

with Tinospora cordifolia at the dose of 400 mg/kg body weight/day for 90 days upon arsenic pretreated rats (8 mg/kg 

body weight/day for 90 days). After the completion of dosing, all group of rats were sacrificed for the evaluation of 

biochemical parameters, histopathological study and for arsenic concentration determination. Sodium arsenite treated 

rats showed significantly (P < 0.0001) increased the urea, uric acid, creatinine and MDA (malonaldehyde) levels in 

serum, while the albumin levels were significantly decreased as compared with control rats. There was significant 

increase in the arsenic contamination in the blood, liver and kidney tissues in the arsenic treated rats. In contrast, after 

the administration with Tinspora cordifolia upon arsenic intoxicated rats, significant (P < 0.0001) restorations were 

observed in the hematological parameters, kidney serum biomarker parameters and arsenic contamination in the blood, 

liver and kidney tissues as well as considerable restorations at the histopathological level as well. Hence, our finding 

suggests that Tinospora cordifolia possesses the significant bioremedial impact against arsenic induced nephrotoxicity 

in rats. The plant could be a boon for the people suffering from renal impairment in the arsenic contaminated area. 

Keywords: Arsenic toxicity, Tinospora cordifolia, Nephrotoxicity, Antidote, Rats 
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Abstract: 

Plants are able to produce various kinds of secondary metabolites. These secondary metabolites are a rich source of 

bioactive compounds that can be utilized as medicinal, therapeutic and agrochemical agents. Rapid developments 

in computational biology pave the way to find out the mechanism for the production of plant metabolites. The recent 

development in this field provides information that genes encoded some of these metabolites is arranged in an 

operon like gene cluster. These clusters are governed by the same regulatory element. Advancement in molecular 

biology, genome mining, and analysis techniques provides us the opportunity to modify these genes for large scale 

production of these specialized metabolites. Rice which is a major staple food for the human population was 

utilized in the present study to find out the gene clusters able to synthesize specialized metabolites.  In this present 

study, we have used plantismash tool to find out the gene clusters in Oryza sativa group japonica and indica. 

Plantismash tool is able to provide information about the annotation and expression analysis of plant gene 

clusters. We have found out the 39 gene clusters on 12 chromosomes of Oryza sativa group japonica and 55 gene 

clusters on 12 chromosomes of Oryza sativa group indica. 

 

Keywords: Plant Metabolites, BLAST, Gene clusters, Plantismash, Oryza Sativa, Secondary 
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Abstract: 

 

Nanocellulose is obtained from baggase. Its charchetrization feature like biocompatibility, Hemocompatiblity, 

Histocompatiblty and Nanotoxicity, Magnetic properties and electrical and optical properties. Magnatic material 

divide into Paramegnatic and ferromegnatic. Paramegnatic matetial like lithum and megnisium and ferromagnetic 

material like nickel,cobalt. Nanocellulose were widely used in Drug delivery application.Cryatalline nanocellulose is 

used for drug delivery. Nanomaterial can easily deliver drug in micellous form imaging agent to target site. The ideal 

method of administration were controlled by drug charcteriazation and properties. it shows maximum loading capacity 

and minimum drug loss. The aim of drug delivery with the help of magnetic carrier by magnatic nanoparticle and 

magnatic core like Fe3O4.Iron oxide particle synthesized from FeCl3 and NaBH4. Magnatic movment were randomly 

distributed. The nanocomposite particle have greater biocompatibility and stability in aqueous solution. Application 

of nanocomposite particle in MRI application.The main aim of this article that use of nanocellulose in drug delivery 

application. 

Keywords: Drug Delivery, crystallineNanocellulose, Magnatic drug Targeting 
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Abstract: 

 

Development of tissue composite systems mimicking the native tissue has emerged as an alternative and promising 

technique to overcome the drawbacks of tissue or organ transplantation. In this regard, development of biomaterials 

for bone repair and functional recovery with tissue engineering strategy is the need of era to cope up with high 

morbidity and donor scarcity. The cell-biomaterial interface which is governed with cues of biomolecules and 

metabolic pathways in microenvironment can be improved with biomaterials composition and surface 

modification. Among different methods employed for biomaterials development, the electrospinning methods 

provides precise control over fibre morphology, pore size, and 2D-3D features required for osteo-induction and 

osteo- conduction for in situ bone regeneration. This paper represents the electrospinning of various biomaterials 

and process control for the fabrication of biomaterials with desirable properties for bone tissue engineering 

applications. It also details the tunability of the material properties assisted by Melt Electro-writing (MEW) 

process, an emerging technique for fabricating multiscaled fibres for regenerating highly ordered and optimally 

mineralized bone tissues. 

Keywords-Bone regeneration, Electrospinning, matrices, nano-fibers, Instrumentation and control 
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Abstract: 

Nanotechnology and bioengineering transform basic science into novel materials, devices and processes for improved 

sustainability and health. They play a vital role in current and emerging technologies and contribute to all areas of 

engineering through materials expertise including developing new materials and improving existing ones. Multi-drug-

resistant tuberculosis (MDR-TB) may be a sort of tuberculosis (TB) infection caused by bacteria that are immune to 

treatment with a minimum of two of the foremost powerful first-line anti-TB medications (drugs), isoniazid and 

rifampicin. Anti-tuberculosis (TB) drug resistance may be a major public ill health that threatens progress made in TB 

care and control worldwide. Drug resistance arises thanks to improper use of antibiotics in chemotherapy of drug-

susceptible TB patients. This improper use may be results of variety of actions including, administration of improper 

treatment regimens and failure to make sure that patients complete the entire course of treatment. Essentially, drug 

resistance arises in areas with weak TB control programmes. The phenotypic methods supported conventional cultures 

that detect growth of MTb within the presence of a specific antibiotic are time consuming. Thus, modern molecular 

detection methods are developed for the rapid identification of INH and RIF resistance also as MTb. In recent times 

an automatic cartridge-based technology has been introduced for simultaneous detection of MTb and RIF resistance 

directly from sputum also as extra pulmonary samples One obvious disadvantage is the inability of this system to 

detect INH resistance. However, the availability of these molecular detection methods is very less. The paper will 

provide more details detection and diagnostics with the help of nanotechnology. 

Keywords: Mycobacterium tuberculosis, Rifampicin, Isoniazid 
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Abstract:  

 

Naturally originated biomaterials have been desired from the time when eras of ancient medicine for the tissue 

regeneration to repair, replace, and improve the tissues/organs functionality. In the present study, the synthesis of raw 

fish scales derived hydroxyapatite scaffolds (FSHA) was carried out from three fish species namely, Catla (Catla catla), 

Tilapia (Oreochromis niloticus) and Rohu (Labeo rohita). The control were chemically synthesized hydroxyapatite 

from gradual mixing of Ca(NO3)2 4H2O (0.40 M) and (NH4)2 HPO4 (0.24 M) solutions at room temperature, with 

maintaining pH at 11 with NH4OH. The raw powder was utilized to develop porous scaffold by sintering at 800 °C 

for two hours. Subsequently, these powder samples from the three fish scales were developed as molds of scaffolds 

by using polyurethane (PU) foam templates of 5x5x5mm cubes and mixing 20% glycerol to make a slurry of the 

powders and then giving pressure by pressing with gloved fingers upon the foam with the slurry, enabling the sintered 

powder to get inside the foam and take the cubical shape of the scaffolds and left for overnight for complete absorption 

into PU foam. Latter these cubes were sintered at 800°C for two hours. After sintering these cubes did not have enough 

strength to be retained as cubes and these cubes were brittle and broken into powder immediately after removing from 

the muffle furnace, so in order to gain strength these powders were doped with 5% ZnSO4 addition by moles fraction 

and sintered again at 800°C for two hours which remined to be hard scaffolds. Further all groups of powders and 

scaffold samples were characterized for their physico-chemical properties. The crystallinity and the compound purity, 
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beside with the chemical bond analysis were assessed by XRD and FTIR analysis for both powder without ZnSO4 

addition and scaffolds with 5% ZnSO4 by moles addition. Similarly, morphological characterization of porosity and 

elemental composition and existence of other trace elements were carried out by FESEM-EDS. The XRD analysis 

confirmed the synthesis of crystalline hydroxyapatite from fish scales and FTIR data indicated the presence of bonds 

supporting the cell-biomaterial interaction. Hence, these ZnSO4 doped scaffolds from Catla and Tilapia were 

incorporated into the tissue culture plate of MCF7 breast cancer cell line, cells and studied for the behavioral growth 

pattern of these breast cancer cells. It was observed under FESEM that both scaffolds from Catla and Tilapia showed 

no effect of the growth paradigm of the cells. The cells were growing confluently by colonizing on the scaffolds 

indicating that these synthesized scaffold’s biomaterial is biocompatible for cell growth and proliferation thereby the 

synthesized scaffolds did not show any cytotoxicity upon the MCF7 cells not impeding the growth. Thus, the 

performed study with the fish scales derived hydroxyapatite scaffolds seems relevant towards the application for tissue 

regeneration. 

Keywords- Catla catla, Hydroxyapatite, MCF7 breast cancer cell line, Polyurethane (PU) foam. 
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 Abstract: 

Presently, numerous approaches have been used to improve the mechanical properties of the bone implants in 

addition to osteoconductive nature. In this context, a blend has been synthesized using reduced graphene oxide (rGO) 

and Hydroxyapatite (HA) as reinforced material. Different compositions of rGO-HA have been tested for best 
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possible mechanical properties. Ball bearing method has been implicated to form the composite blend of calcined 

hydroxyapatite and reduced graphene oxide in different concentration ratios and then chemical structure was explored 

through X-ray diffraction and Fourier transformed infrared spectroscopy. Later, the calcined HA and reduced GO 

further dried and again blended and tested for the mechanical behaviour scrutinized through Universal testing 

machine (UTM). On comparing the different ratios of the composite blend before and after drying the samples, it has 

been observed that the mechanical properties of the blend with ratio 6:4 of calcined HA and rGO found to be 

maximum and tends to decrease on increasing further ratios. 

Keywords: Reduced graphene oxide (rGO), Hydroxyapatite (HA), calcination, mechanical strength, 

Characterization 
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Abstract 

In the era of post-genomics, computational analysis of genomics and transcriptomics to understand the non-coding 

microRNA (miRNA) based regulated networks in autoimmune diseases like psoriasis is an uphill task. The Challenge 

was approached on the basis of miRNA based expressed regulation of gene targets. In case of miRNA based 

differential expression, the novel miRNA in psoriasis was has-miR- 15b-5p and the novel transcription factors in 

psoriasis were ACTL8 and CTCF. Both miRNA snd transcription factor were associated with the genes MTHFR and 

WNT1.In case of translational repression the miRNAs has-miR-15b-5p was associated with the proteins C16orf72, 

AMOTL1, SMAD7, CCND1, CCNE1, VEGFA, BCL2, ABL2 and SHOC2. The existing and novel factors were also 

associated with the pathway of cytokine receptor interactions. The pathway was reconstructed with respect to the 

mathematical modeling and simulation of novel factors with the existing factors associated with the pathogenesis of 

psoriasis. The validation of reconstructed pathways requires various challenge experiments to understand the complete 

mechanism of pathogenesis associated with the development of Psoriasis. 

Keywords: Autoimmune Diseases, Computational Analysis, MicroRNA, Psoriasis 
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   Abstract: 

An arsenic-resistance bacterial strain PKA-200 was isolated from a water sample collected from Hindan River, 

Ghaziabad. Strain PKA-200 was identified as a member of the genus Pseudomonas on basis of the 16S rRNA gene 

sequencing. Pseudomonas sp. strain PKA-200 was able to oxidize highly toxic arsenite [As (III)] to less toxic 

arsenate [As (IV)]. Minimal inhibitory concentration of As (III) for strain PKA-200 was 600 mg/L. Furthermore, 

Pseudomonas sp. strain PKA-200 exhibited positive chemotaxis towards As (III) in semi-solid and soil media. 

Several methods including drop plate assay, big circular plate assay, and fabricated tray assay used to demonstrate 

chemotatic potential of strain PKA-200. This is a first report of bacterial chemotaxis towards As(III) in soil by 

any bacterium. 

   Keywords: Arsenic, Pseudomonas, Arsenite-oxidising bacterium, Biotransformation, chemotaxis 
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Abstract: 

Conserved potential G-quadruplex (G4) motifs, non-canonical four stranded DNA, are found to occur in the genome 

of various strains of Mycobacterium tuberculosis (Mtb). Mitoxantrone (MTX) and emodin are well known 

anthraquinone derivatives that bind to human telomeric G4 DNA and show anticancer activity. Inhibition assays have 

shown that these two drugs inhibit growth of Mtb bacteria. We have investigated different folding topologies of G 

quadruplex sequences occurring in the following genes involved in oxidative phosphorylation pathway in the genome 

of Mtb: zwf1, clpx, mosR, ndhA. Circular Dichroism (CD) spectroscopy show presence of mixed parallel and 

antiparallel stranded G4 DNA evidenced by 264 and 290 nm bands. Hypo-/hyper-chromism, fluorescence quenching 

and changes in ellipticity yield affinity constant ~107–109 M-1. Red shift ~18 nm indicates partial stacking of aromatic 

chromophore with nucleic acid bases. Differential scanning calorimetry experiments exhibit thermal denaturation 

profiles at varying ligand/DNA (D/N) mole equivalent ratios and ion concentration depicting substantial ligand-

induced thermal stabilization. A concentration dependant steady state response in Surface Plasmon Resonance 

sensograms establish real time binding of ligands to G4 DNA. Fluorescence lifetime measurements show presence of 

bound species having much higher lifetime (~0.48 ns) as compared to that in free ligand (~0.14 ns). Taq polymerase 

stop assay evaluated G4 formation in a template of Mtb gene sequence in the absence and presence of ligands, leading 

to arrest of Taq polymerase enzyme activity. It is postulated that specific modes of ligand binding to G4 DNA 

contribute towards antibacterial activity by regulating gene expression.  

 Keywords: Mycobacterium tuberculosis, G-quadruplex, Taq polymerase, Surface Plasmon Resonance 
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Abstract: 

Environmental toxicants are posing threat to male reproductive health. The sperm quality has continuously declined 

in the last few decades across the world as evident through various studies. Lead is a heavy metal which is found in 

the environment due to urbanisation and anthropogenic sources. It is suggested to cause many adverse health issues 

in human. Many studies have been conducted to find the effect of lead on animal model, mostly rat and mice. However, 

its effect on male reproductive system in animal model is yet not well established. This study was done with the aim 

to add more evidences for studies involving lead induced male reproductive disorders. The objective was to determine 

sperm quality through analyzing sperm count, sperm motility and abnormal sperm morphology in lead induced male 

Swiss albino mice. 12 male Swiss albino mice were divided into two groups. First group was kept as control (n=6) 

and was given distilled water through oral gavage method. The second group (n=6) was given lead nitrate orally for 

30 days. After 30 days all animals were euthanized to remove testes. Sperms were obtained by puncturing caudal 

portion of epididymis and mixed in 0.9% normal saline. Sperm was diluted as per requirement and examined under 

light microscope to find total sperm count, percentage of sperm motility and percentage of abnormal sperm 

morphology. There was a decrease in total sperm count and sperm motility in lead induced animals as compared to 

those in control group. There was an increase in percentage of abnormal sperm morphology in the second group. The 

work showed that lead adversely affect sperm quality in male Swiss albino mice. 

Keywords: male reproduction, environmental toxicant, sperm count, sperm motility, sperm morphology 
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Abstract: 

Lipases (E.C. 3.1.1.3) are a group of enzymes which catalyze the hydrolysis of long-chain triglycerides. The ability 

of lipases to perform very specific biochemical reactions has made them increasingly popular in global enzymes 

market. In recent years, lipases have been used as an important industrial biocatalyst in pharmaceutical and cosmetic 

industries. In pharmaceutical industry, lipases are used in the preparation of single-isomer chiral drugs in organic 

solvents by enzymatic hydrolysis, transesterification or aminolysis reactions. Enantiopure drug are highly chiral 

selective and metabolize each isomer differently in human body to show diverse biological effects. In the cosmetic 

sectors, lipases are preferentially used for the synthesis of low molecular weight esters such as isoamyl butyrate, 

geranyl acetate, benzyl propionate etc. which can be used as plasticizers and lubricants in various types of human 

cosmetic preparations. Lipases are extensively distributed in animals, plants, and microorganisms. Among microbial 

lipase, fungal lipases are reported with better production yield, broad substrate specificity and good thermostability. 

Some of important lipases used in the pharma and cosmetic sectors are isolated from fungal species like Rhizopus 

oryzae, Aspergillus oryzae, Rhizopus delemar, Rhizomucor miehei, Penicillium cyclopium etc. Lipases from fungal 

sources can be produced by solid state and submerged fermentation (SSF and SmF) bioprocesses. In addition, 

production of lipase varies according to the nature of the fungal strains, incubation time, carbon and nitrogen sources 

and other physicochemical factors. SmF is used for lipase production over the last decades, while SSF is used recently 

due to the capability of using low-cost agro-industrial effluents as substrate. This review will include the recent study 

of lipase production from fungal sources and its applications in pharmaceutical and cosmetic industry.   

 

Keywords:  Lipase, Microorganisms, Solid state fermentation, submerged fermentation 
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Abstract: 

The medical instrument Electrocardiogram (ECG) shows the heart functioning. Monitoring and analysis of ECG signal 

is important for diagnosing the cardiac disorders like Atrial fibrillation (AFib). AFib is a quivering or irregular 

heartbeat that can lead to blood clots, stroke, heart-failure and other heart related complications if gone untreated. Poor 

signal quality is the chief limitation of efficacy of biological signal analysis. The accuracy of AFib detection is to be 

increased by detecting and reducing the false alarms during patient monitoring. The peak points from ECG are detected 

using the Pan Tompkins Algorithm. It gives amplitude and location information. AFib Detection Algorithm is 

necessary for statistical measures of the peak points. Threshold values are used for atrial fibrillation detection. Deep 

belief networks (DBN) are the classifiers used to detect accuracy of the readings. An accuracy of 85% is possible by 

making use of a hybrid DBN. The software used for implementation is MATLAB. Application of Potential Detection 

Algorithm will detect echo peak present in the signal and amplified accuracy can be obtained. The raise in accuracy 

through Atrial Fibrillation detection ensure patient protection and prevent fright for monitoring staff. 

Keywords—Electrocardiogram(ECG), Atrial Fibrillation(AFib), Echo Peak Detection, Hybrid DBN, Accuracy 
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Abstract: 

System biology is an aid in understanding, regulatory processes and interactions between genes at the gene level. The 

contagious diseases that have spread worldwide (SARS-CoV-2) can be understood if we model their Gene regulatory 

networks plays an essential role in elementary biological processes, hence to model their network and infer information 

from it is a trivial task. GRN is a convention of gene interaction and managerial effects, thereby benefitting to perceive 

the complex interplay between multiple genes in different environmental scenarios. Learning of GRN Dynamics is 

tough due to the high complexity level with multiple components and their engagement with negative and positive 

components. GRN simulation and modeling is done via numerous computer tools and formal methods.  For the past 

many years innumerable mechanisms have been developed for GRN construction.  Many high throughput data sources 

like Gene expression datasets, microarray are being used to infer and construct the structure and dynamic rules of 

GRN. In this paper we summarized different modeling approaches based on computational tools, logical and 

continuous methods and the modeling based on different programming languages, further we have studied the 

advantages and disadvantages of each method that benefits the community of systems biology in understanding the 

complex mechanism behind different diseases. 

 

Keywords:  Computational Models; Gene Regulatory Network; System Biology; Modeling of GRNs, Mathematical 

models. 
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Abstract: 

Increased expression of T-type calcium channel (TTCC) in cancer, has paved the way for the TTCC blockers to be 

tested for their anti-cancer activity. Various studies have shown that blocking TTCCs using the blocker or gene 

silencing, reduces cancer cell viability. TTCC blockers also provide a possible role as an adjuvant. It is well-known 

that drug-drug interaction can alter the actions of each other or cause severe side-effects. Therefore, in our study, we 

have studied TTCC blocker-test drug and paclitaxel (PTX)-a tubule binding anti-cancer drug used for the treatment 

of lung adenocarcinoma. By in silico study, the structural and conformational variations of TTCC- ligand(s) were 

studied at the atomistic level. Combination index was calculated using in vitro study to determine the interaction 

between the two drugs. Molecular docking results show that both drugs can bind with a good binding affinity with 

TTCC. However, test drug exhibits higher binding affinity as compared to the PTX. Further molecular dynamics 

analysis results confirm that test drug binds at the active site of TTCC and results in the formation of stable protein-

ligand complexes. In vitro study showed the antagonistic interaction between the drugs when given together for the 

combined treatment. However, the sequential treatment, where test drug was removed before adding PTX, reduced 

the viability of cancer cells further, even at low concentration of the test drug. Hence, we conclude that the TTCC-

TTCC blocker complex is more stable than TTCC-PTX complex, and sequential treatment can be used to 

circumvent the antagonistic interaction between the two drugs. 
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Abstract:  

The Laccase belongs to oxidoreductases class which can oxidize a wide variety of aromatic compounds using oxygen 

as the electron acceptor and producing water as by-product. The ability of laccase was assessed for decolorization of 

widely used reactive dyes such as Brilliant Red HE7B, Green HE4B, Red M5B, H3G Turquise Blue and Yellow 

MGR. Screening using several synthetic as well as natural mediators was done out of which HBT was found to be of 

more importance. Three level Box–Behnken design with four factors viz. dye concentration, enzyme concentration, 

temperature and time combined with response surface methodology was applied to optimize the dye degradation. The 

model predicted for Green HE4B showed decolorization above 80% with HBT as mediator. For other dyes also 

decolorization up to 85-90% could be achieved within 72 hrs. 

Keywords: Reactive dyes, Decolorization, Laccase, Mediators, Box–Behnken design 
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Abstract: 

Emerging Technologies has empowered the Personalization in all industries. In Healthcare too, Genome Editing is 

enabling us to define the Personalized Medicine which itself is defined as the future of healthcare by important 

stakeholders of the field. CRISPR, a molecular scissor and one of the biggest science stories of the decade has given 

the promise to deliver personalized medicine but with some drawbacks in contrast to base editing "pencils". The theme 

of the talk will be to understand these drawbacks, gene editing beyond CRISPR through "pencils" and making 

personalized medicine more personal. 

Keywords: CRISPR, gene editing, personalized medicine 
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Abstract: 

Water, soil and air pollution is an issue of great concern worldwide. It can be broadly divided into three main 

categories, that is contamination due to organic compounds, inorganic compounds (mostly by heavy metals) and also 

through microorganisms. In recent years, lot of research works have been carried out using efficient technologies to 

clean up and/or minimize the pollution level that has been continuously increasing. In this context the uses of 

bioremediation processes can be very useful for cleaning up and minimizing the toxic substances from soil, water and 

air. Bioremediation of waste water as well as soil by using microorganisms shows a great potential for future 

development due to its environmental compatibility and cost effectiveness. Microalgae are effective in the absorption 

of nutrients from the waste water because they provide tertiary bio treatment coupled with the production of valuable 

biomass. Wide varieties of microorganisms including bacteria, fungi, yeast and algae can act effectively and are able 

to modify the toxic substances. 

Keywords: Bioremediation, Waste water, Algal Technology 
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Abstract: 

Bacillus strains have been reported to predominantly produce industrially important enzymes and accounting for 60% 

of commercially available enzymes. Present research investigation reports enhanced production of tannase from 

Bacillus haynesii SSRY4 MN031245 under submerged fermentation by using Reponse Surface Methodology. Three 

independent variables glucose (X1 %w/v), sodium nitrate (X2 %w/v) and tannic acid concentration (X3 %w/v), were 

studied for optimizing tannase production from Bacillus haynesii SSRY4 MN031245. Central Composite Design 
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(CCD) was applied for determining the factors contributing to tannase production. The optimal concentrations of the 

independent variables under study were determined. Linear, Quadratic and cross product effect of three variables were 

calculated and their possible interactions on yield of enzyme response were analysed. The significant terms in the 

model were explored by the analysis of variance (ANOVA) for each response. The experimental results were in good 

harmony with the predicted results. The goodness of fit of the regression model was determined by correlation 

coefficient. The significance of the statistical model was determined through F-test. The enzyme activity was enhanced 

upto 3.49 folds by using Reponse Surface Methodology as a statistical tool 

Keywords: Response surface methodology, Central Composite Design, Tannase, Statistical tool 
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Abstract: 

Silver nano-particles are one of the most common utilized nano-materials in the field of research in nano-particles; it 

is due to its high electrical conductivity, thermal properties, anti-microbial properties and optical properties, and is 

being incorporated into products that range from photo-voltaic to biological and chemical sensors. Clotrimazole comes 

under the imidazole group of azole antifungals; it have broad-spectrum of antimycotic activities. We have synthesized 

drug coated silver nano-particle by reducing sliver nitrate and incubated with clotrimazole in organic solvent and 

crystallized under vacuum. The strong interaction of the silver nano-particles with light occurs because the conduction 

electrons on the metal surface undergo a collective oscillation when excited by light at specific wavelengths known 

as a Surface Plasmon Resonance (SPR). This will considerably enhance the working efficiency of the drug coated 

over the surface; this will help to deal with the increase in anti-fungal drug resistance. Since silver Nps have vast range 

of application, optical studies have been done over synthesized particle. The synthesized products were examined by 

Fourier transform infrared spectroscopy, scanning electron microscopy, UV-Visible spectroscopy, X-ray diffraction 

and photo luminescence spectroscopy etc. The FTIR spectrum confirms that drug is still in active form. SEM imaging 

confirms the shape of Np that is to be arched. 

Keywords: Silver nanoparticles, Clotrimazole., Surface Plasmon resonance, Antifungal drug resistance 
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Abstract: 

Most implants used are based on titanium and its alloys due to their excellent mechanical properties, good strength, 

low density and chemical stability in body fluid. However, they do not have good biocompatibility and 

osteointegration. Compatibility and bioactivity of the implant material can be improved with the use of 

biocompatible and bioactive coatings. Among the most used coating materials that meet the above criteria is HAp, 

which is widely tested because of its chemical stability and osteoconductivity. Hydroxyapatite (HAp) belongs to a 

class of bioactive material that forms a strong bond with the surrounding body tissues. One of the disadvantages of 

this material is, it has got poor mechanical strength. Titanium oxide (TiO2) is a metal belong to bioinert class of 

material and it does not react to the surrounding tissue. The mechanical strength of TiO2 is generally high and can 

be a good substitute as implant device. Efforts have been made to make a composite of both HAp/TiO2 biomaterial 

device with improved mechanical property and porosity HAp is widely used as an implant for bone tissue 

regeneration, as a coating for metallic implants and in a drug-controlled release. Research and development of porous 

structures continues for good clinical outcomes, important research findings, and a straightforward regulatory 

pathway. While a single pore size or textured morphology does not fit all applications, the majority of porous and 

textured biocompatible materials used in medical devices share the common characteristic with interconnecting pores 

that support nutrient transfer, and promote cell migration and proliferation. Stable integration of  the  implant  with  

the  surrounding  host  tissue  reduces  irritation  caused by micromotion, and promotes stable fibrovascular tissue 

ingrowth that promotes healing and minimizes infection. Several porogen have been used so far to develop porosity 

in the material like napthelene and camphor. These porogen when exposed to high temperature will escape out from 

the material inducing pores of inter connectivity in the material. 

Key words: Hydroxyapatite, Biocompatibility, Bioactive, Bioinert 
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Abstract: 

The porous scaffold design of bone tissue has presented based on the homogenous and heterogeneous gradient 

method for regular and functionally graded lattice architectures. Additive manufacturing techniques can be used to 

build such architectures by biomaterials. This paper demonstrates the modelling and simulation of novel Ti6Al4V 

micro-lattice architecture within two bounding box volume shapes (i.e. cylindrical and cuboid). Three distinct unit 

cell topologies (Grid, Star, and Tesseract) have been used to design these architectures. All designed micro-lattice 

architectures shapes were subject to uniaxial compressive loads, whereby allowing estimate mechanical properties 

to be built. The finite element simulation results have been validated in previously reported experimental data and 

well comprehended. The compression test results from elastic and elastoplastic finite element simulations show a 

comparison of the strength of regular and functionally graded lattice architectures. Thus, star-based lattice 

architectures have been found high stiffness value at low porosity as compares to other lattice architectures. Thus, 

the design of sophisticated, regular and functional lightweight scaffold porous architectures can be built by AM 

techniques with suitable mechanical properties. 

Keywords: Unit cell, Finite element analysis, Micro-lattice, Porous Scaffold, Ti6Al4V, Additive Manufacturing 
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Abstract: 

Various traditional techniques for environment remediation are extraction, solidification, precipitation, thermal 

desorption and biological remediation. But each technique has their own drawbacks either in terms of cost, specificity 

or effectiveness. In scenario of fast recovery of pollutants from ground water, nanotechnology comes into action. As, 

nanoparticles are having very small size (in between 1nm and 100nm), high surface area, high rate of mass transfer 

and heat transfer so, they can be a suitable candidate for removal of heavy toxic metals, highly toxic gases, aromatic 

and aliphatic compounds, dyes, disease causing pathogens, volatile gases etc. from waste water. Nanoparticles, like 

Zero valent metal nanoparticles (iron, zinc and silver nanoparticles) and Metal oxide nanoparticles (Titanium oxide 

and zinc oxide nanoparticles) are specific for use in removal of pollutants from waste water. Zero valent metal 

nanoparticles results in oxides or hydroxide formation that act as reducing agent for pollutants like heavy metals and 

dyes. In a previous study, it was reported that Aspergillus niger broth incubated with silver nanoparticles in nano form 

and Congo red, showed more than 78% decolorization within 24 hours [1]. Whereas, Metal oxide nanoparticles are 

specific for degradation of contaminants due to its reactive oxygen species generating capability and offers advantages 

in reusability, easy recovery and ecofriendly uses [2]. Carbon nanotubes can be an interesting option for waste water 

treatment because of their large surface area and porous structure. These basically act as adsorbent and are cylinder of 

graphene shades. It can be multi walled consist of multiple layer of concentric cylinder and single walled consist of a 

single cylindrical tube of graphene sheet. 

Keywords: Environment remediation, Waste water, Silver nanoparticle, Titanium oxide nanoparticle, Carbon 

nanotubes 
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Abstract: 

Tracheal stents (TS) are the long hollow tubular scaffolds. TS are used after the necessary reconstructive surgery or 

to provide the immediate and essential support to the collapsed trachea and instant relief. TS could be temporary or 

permanent based on the material used for their manufacturing. Different fabrication methods have been used for the 

development of TS. Lately, fused filament fabrication (FFF) has garnered the much- needed attention of the 

researchers, due to ease of manufacturing, and use of 3D printed biomaterial. In this work, two new intricate design, 

zigzag and oval based bioresorbable TS are fabricated using FFF technique. The approach of fabricating tracheal 

stents is through a Raise 3D N2 printer, i.e., FFF technique. Firstly, the 3D CAD models of zigzag and oval TS were 

prepared using Solidworks software. Then, .STL file was prepared and transferred to the 3D printer. The PLA 

polymer, with a filament size of 1.75mm was used for the FFF TS fabrication. Scanning electron microscopy (SEM) 

was used for the detailed morphological characterization of 3D printed TS. Fourier Transform Infrared Spectroscopy 

(FTIR) and Raman spectroscopy were utilized for the chemical characterization of the TS. Surface Hydrophilicity of 

the fabricated TS was measured using water contact angle of deionized water on the TS surface. Lastly, we assessed 

the radial compressive behavior of the TS. Bioresorbable TS with the intricate designs were successfully fabrication 

by FFF method. The water contact angle of the DI water on TS surface is measured to be 81°. 

 Keywords— FFF, 3D printing, tracheal stents, Bioresorbable polymer, PLA, Radial compressive testing 
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Abstract: 

In AIDS research, target based drug discovery is novel method to cure the disease. Treatment for the cure has been 

extended to natural compounds as the remedy and they don’t have the side effects. HIV-1 PR is an essential enzyme 

for the replication cycle of virus. Inhibitors of this enzyme have been extensively investigated as potential antagonist. 

Vasicine binding and interaction with the binding site of protease enzyme and inhibited activity of protease in Human 

Immunodeficiency Virus according to competitive mode. The molecular docking study result shows that vasicine is 

has greater binding affinity towards al the specific HIV protease when compared to standard drug (inhibitors). The 

IC50 value under vasicine inhibited of the HIV protease was 38.5µg/mL. The binding affinity in the range from -8.6 

to -9.2 kcal/mol was predicted from the docking studies. These findings provides molecular mechanism of vasicine, 

antagonistic action towards HIV protease. The PreADMET result shows that vasicine clears mutagenecity, 

tumorogenic, toxicity, and irritant property. Vasicine satisfied Lipinski’s rule and ADMET properties. So it vasicine 

have greater HIV protease inhibition property. 

Keywords: HIV, Protease, Docking, Phytochemicals, Cytotoxic 
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Abstract:  

The OH– terminated poly(dimethyl siloxane) (PDMS–OH) as a soft segment was copolymerized with bis(2–

hydroxyethyl) terephthalate (BHET) by taking various weight rations of their diols using 1,6–hexamethylene 

diisocyanate (HDI) as a coupling reagent. The BHET was produced through glycolysis the post-consumer discarded 

PET bottles. The amount of HDI taken was equivalent to the reactive hydroxyl groups of PDMS–OH and BHET all 

together in the solution. Prior to the in-situ polymerization, halloysite nanotubes (HNT) were surface functionalized 

by (3-aminopropyl)triethoxysilane (APTES) in order to accommodate the silver nanoparticles (AgNPs) over the 

surface. Hydroxyapatite (HAp) which is a calcium phosphate similar to the human hard tissues in morphology and 

composition was also incorporated in various ratios during polymerization, in order to develop the nanocomposite 

antimicrobial scaffolds. The porosity was incorporated through SCPL method. The responses of scaffolds in terms of 

cellular attachment, proliferation, differentiation, viability, biocompatibility, biodegradability, and cytotoxicity were 

analyzed against the human osteosarcoma U2OS cell line. The intention of present study was to found an optimum 

ratio of reinforcement fillers, antimicrobial agents, polymer matrix and volume of cells to be seeded onto the scaffolds 

for bone graft substitute for clinical applications. The results were found in ordnance of significance. 

Keywords: Bone tissue engineering, polyurethane, biomaterials, bone regeneration 
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Abstract- Though breast Cancer is the most deadly 

disease, there have been no precise or invasive 

biomarkers for early detection of breast cancer. 

Circulating microRNAs have been widely observed in 

the blood components of cancer patients. Due to the 

significance of miRNA in carcinogenesis, the 

circulating miRNA can be a unique biomarker for 

accurate detection of human cancers. Using 

microarray expression followed by Real Time 

quantitative Polymerase Cycle reaction, a comparative 

study was carried out on the miRNAs in plasma 

samples of 20 women with early stage breast cancer 

(10 Caucasian American (CA) and 10 African 

American (AA)) and 20 matched healthy controls (10 

CA and 10 AA). It was observed that 31miRNAs in 

CA study subjects and 18 miRNAs in AA study 

subjects were differentially expressed. They gave 

results that regulated miRNAs can create a distinction 

between patients with breast cancer and healthy 

controls.  Further inquiry suggested that circulating 

miRNAs regulate many pathways which include cell 

functions, cancer and progression. Hence this 

discovery has proven to be a novel and innovative one. 

 

Keywords: caucasianamerican, africanAmerican, 

carcinogenesis 

 

1. Introduction 

CANCER is a dreadful disease characterized by 

uncontrolled cell growth or proliferation of cells. 

Breast Cancer, the second-leading cause of cancer 

deaths in women, and can also occur in men, but its far 

less common. Biomarkers can be used to detect early 

neoplastic changes, thus detecting Breast cancer at an 

early stage, is one of the most important challenge in 

the management of Breast cancer. Ideal Biomarker 

should be accessible easily such that it must be 

sensitive enough to detect early presence of tumors in 

all patients. But the fact is that none of the diagnostic 

tool and biomarker for Breast cancer meets above 

criteria [1]. For example, mammography needs to use 

ionizing radiation and has a false positive rate. 

Another example is circulating tumor markers like 

carcinoembryonic antigen and carbohydrate antigen, 

shows very low sensitivity and so they are not used in 

the detection of early stage Breast cancer. Therefore, 

highly sensitive and specific breast cancer biomarkers 

which can improve current strategies for Breast cancer 

detection is urgently needed. Thus, it was 

accomplished by the use of microRNA as potential 

biomarker for detecting early stage Breast cancer. 

 

2.  Breast cancer 

Breast cancer is the cancer that forms in breast cells, 

where the cancer cells forms either in the lobules or 

the ducts of the breast. Lobules are the glands that 

produce milk and ducts are the pathways that transport 

the milk from gland to nipple. More clearly, in Breast 

cancer some of the cells in the Breast begin growing 

abnormally. These cells divide more rapidly than 

healthy cells do and many spread through the breast, 

to lymph nodes or other parts of body. When the 

disease is discovered early, have more treatment 

options and better chance for cure.80% of Breast 
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cancer occurs in women older than age 50.Only 5-10% 

of Breast cancer is inherited. Families that do have 

genetic defects in one of 2 genes, Breast cancer gene1 

(BRACA1) or Breast cancer gene2 (BRACA2) have a 

much greater risk of developing both Breast and 

Ovarian cancer. 

In 2019, an estimated 268,600 case of invasive Breast 

cancer are expected to be diagnosed in women in US, 

along with 62,930 new cases of non-invasive Breast 

cancer are expected to be diagnosed in men in 

2019[2].In India, Breast cancer ranks as the number 1 

cancer among Indian females with rate as high as 25.8 

per 100,000 women and mortality of 12.7 per 100,000 

women. Symptoms of Breast Cancer include a new 

lump in the breast or underarm, thickening or swelling 

of part of breast, irritation, Redness or flakyskin in the 

nipple area of the breast, pulling in of the nipple or 

pain in the nipple area, nipple discharge other than 

breast milk, including blood, any change in the size or 

shape of the breast, pain in any area of the breast. Tests 

and devices used to diagnose breast cancer are Breast 

Exam,here doctor will check both of our breasts and 

lymph nodes in our armpit, feeling for any lumps or 

other abnormalities. Mammogram, the next test,it is an 

X-ray of the breastcommonly used to screen for breast 

cancer[4].Thirdly Breast ultrasound, used to 

determine whether a new breast lump is a solid mass 

or a fluid-filled cyst.Removing a sample of breast 

cells for testing (biopsy), which isalsodefinitive way 

to make a diagnosis of breast cancer.Finally Breast 

magnetic resonance imaging (MRI). An MRI 

machine uses a magnet and radio waves to create 

pictures of the interior of our breast.Unlike other types 

of imaging tests, an MRI doesn't use radiation to create 

the images. 

Breast cancer is treated in several ways. It depends on 

the kind of Breast cancer and how far it has spread. In 

Surgery, doctors cut out the cancer tissues depending 

upon the size and stage of the tumors. Chemotherapy, 

Hormonal therapy, Biological therapy and radiation 

therapy are the therapies used in treatment of cancer. 

Complementary treatment can sometime wreak as 

much as havoc as the cancer itself, so complement 

traditional meds with massage, yoga, acupuncture and 

talk therapy.Early stage Breast cancer can be cured in 

most of the woman.Stage 4 breast cancer, also called 

metastatic breast cancer, is considered the most 

advanced stage. By this stage, the cancer is no longer 

curable because it has spread beyond the breast and 

may be affecting vital organs, like the lungs or brain[5]. 

 

 

Figure 1. Stages of Breast Cancer 

 

3. MicroRNA 

MicroRNA (abbreviated miRNA) is a small non-

coding RNA molecule which contains 22 nucleotides 

found in plants, animals and some viruses, that 

functions in silencing of RNA and post-

transcriptional regulation of gene expression. Main 

function of miRNA is its base-pairing with 

complementary sequences 

within mRNA molecules. As a result, these mRNA 

molecules are silenced, by one or more of the 

following processes (1) Cleavage of the mRNA strand 

into two pieces, (2) Destabilization of the mRNA 

through shortening of its poly (A) tail, and (3) Less 
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efficient translation of the mRNA into proteins 

by ribosome.Recent studies suggest that miRNAs are 

shuttled between different sub cellular compartments 

to control the rate of translation, and even 

transcription. Function of miRNA includes Tumor 

suppression and oncogenes.About 50% of the 

annotated human miRNA map within fragile sites of 

chromosomes, which are areas of genomes that are 

associated with various human cancers. Recent 

evidence indicates that miRNAs can function as tumor 

suppressors and oncogenes, and they are therefore 

referred to as oncomirs. Next function is that they acts 

as development switches. In the Regulation of 

miRNAs they need many miRNAs that are expressed 

in a tissue specific or developmental stage-specific 

manner,thereby greatly contributing to cell type 

specific profiles of protein expression. With potential 

to target dozens or even hundreds of different mRNAs,  

individual miRNAs can coordinate or fine tune the 

expression of proteins in the cell.These considerations 

call for a tight and dynamic regulation of miRNA 

levels and activity, particularly during rapid 

developmental transitions or changes in cellular 

environment[3]. 

 

MicroRNA as a Biomarker 

Biomarkers also known as biological markers are 

biological measures of a biological state.A biomarker 

is a feature that is objectively measured and identified 

as an indicator of normal biological processes, 

pathogenic processes or pharmacological responses to 

a therapeutic intervention. They are also explained as 

the measures used to perform a clinical assessment 

such as blood pressure or cholesterol level and are 

used to monitor and predict health states in individuals 

or across populations so that suitable therapeutic 

intervention can be planned.Biomarkers may be used 

separately or in combination to assess the health or 

disease state of an individual.A wide range of 

biomarkers are used in today’s world. Every biological 

system (for example the cardiovascular system, 

metabolic system or the immune system) has its own 

specific biomarkers and they are highly specific [10]. 

Many of these biomarkers are comparatively easy to 

measure and form integral part of routine medical 

examinations.For example, a general health check 

may include assessment of blood pressure, heart rate, 

cholesterol, triglycerides and fasting glucose levels. 

Body measurements such as weight, body mass 

index (BMI), and waist-to-hip ratio are routinely used 

for assessing conditions such as obesity and metabolic 

disorders. The important features of an Ideal 

Biomarker are Safe and easy to measure,Cost efficient 

to follow up,Modifiable with treatment,Consistent 

across gender and ethnic groups.The principles of 

biomarkers in disease have been applied to the 

detection, screening, diagnosis, and treatment and 

monitoring of cancer. Traditionally, anti-cancer drugs 

were agents that degraded both cancer cells and 

healthy cells. However, more targeted therapies have 

now been identified that can be directed to kill cancer 

cells only, while sparing healthy cells. The assessment 

of a typical biomarker in cancer helps in the 

enhancement of therapies that can target the 

biomarker. This can reduce the risk of toxicity and 

minimize the cost of treatment[11]. In cancer research; 

genetic studies are very important because genetic 

abnormalities so often underlie the development of 

cancer. Certain DNA or RNA markers may therefore 

help in the detection and treatment of various types of 

cancers. 

 

4. MicroRNAs as genetic indicators of cancer 

Oncogenes and tumor-suppressor genes are the main 
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genetic indicators of cancer but as in recent advanced 

research studies it is suggested that miRNAs are the 

main genetic indicators of cancer. These miRNAs 

involved in carcinogenesis are called as oncomirs. In 

latest research reports the 50% of genes encoded by 

miRNAs are placed at certain sites called fragile sites 

where chromosomal rearrangements associated with 

cancer often occurs. In recent reports it was found that 

in the most cancers, miRNAs are apparently 

deregulated that may be caused by transcriptional 

deregulation, epigenetic alterations as well as 

problems in miRNA biogenesis pathways, these 

mechanisms are working either as alone or together 

with each other in order to deregulate miRNAs as 

in Figure. The mutation in any given miRNA of a 

somatic cell can lead to tumor genesis and if present in 

germ line cells it may be a precursor to cancer. 

 

5. MicroRNA acting as tumor suppressors and 

oncogenes 

Many miRNA have been identified as tumor 

suppressor genes and Oncogenes. In oncogenesDown 

regulation or loss of miRNAstakes place with tumor 

suppressor function may increase translation of 

oncogenes and hence formation of excess oncogenic 

proteins, leading to tumorformation[4]. On the other 

side, the up regulation of oncogenic miRNAs takes 

place which can block tumor suppressor genes and can 

lead to the tumorformation. The Result of both the 

regulations, that is down regulation as well as up 

regulation leads to tumor formation. Thus acting as a 

diagnostic tool for detecting early stage Breast Cancer. 

 

Figure 2. microRNA acting  as Tumor Suppressors 

and Oncogenes 

 

6. Study 

A study was conducted by Institutional Research 

Board (IBR) of Roswell Park Cancer Institute proving 

miRNA as a biomarker for detecting early stage Breast 

Cancer.Plasma was extracted from samples and are 

stored in phased liquid Nitrogen. In this study, a total 

of 20 women with Breast cancer (10AA & 10CA) and 

20 cancer free women (10AA & 10CA) were 

included.AA-African American .CA –Caucasian 

American.Total RNA including miRNA was isolated 

using miRNeasy kit.Using microarray expression 

followed by Real Time quantitative Polymerase Cycle 

reaction, the study was carried out(In this study miR-

16 were taken as control and reference gene).Receiver 

Operational Curve was opted for analysis, which gave 

results that regulated miRNAs can create a distinction 

between patients with breast cancer and healthy 

controls. 
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7. Conclusion and future perspective 

The biological function of miRNAs in breast cancer is 

diverse, extensive and remains to be fully understood. 

The presence and action of miRNAs in the initiation 

and progression of breast cancer have great potential 

for new development in present diagnostic and 

therapeutic strategies in breast cancer management. 

Each year more than 1.3 million women will be 

diagnosed with breast cancer globally and about 

465,000 will die from the disease despite the fact that 

breast cancer is still highly curable if only diagnosed 

and treated appropriately at the early stage. At the 

cellular level, not all early stage tumor cells will 

gradually progress into notorious invasive carcinoma, 

or else need aggressive chemotherapy which will 

create intense physical and financial trauma to the 

patient[5]. So it is crucial to establish a reliable and 

promising detector and scoring system to lead the 

clinic to avoid excessive-treatment to the patients who 

do not benefit from aggressive standard 

treatment.miRNAs provides easily accessible, 

sensitive, reliable data resources to throw light on the 

research of early stage breast cancer development and 

progression. Together with other existing 

technologies, miRNA microarrays and / or miRNA 

deep sequencing would identify novel miRNA 

biomarkers that could be used for more accurate early 

detection, prognosis and targeted therapy.Scientific 

attempt on the functional investigation of miRNAsand 

their targets will explain the intrinsic molecular 

mechanisms of breast cancer development and 

progression. 

Differentially expressed circulating miRNAs may also 

play other roles for patients suffering from different 

cancers except for functioning as biomarkers . Some of 

them may be just results or by-products of diseases, 

and the others participated in the occurrence and 

development of tumors directly or indirectly. There 

are few studies to reveal the association between the 

levels of aberrant expressions of miRNAs and 

therapeutic options so far. However, those miRNAs 

that participated in tumor pathology may reflect and in 

turn change the cellular transcriptome via complex 

regulatory network. Exogenous over expression or 

inhibition of those functional miRNAs would 

probably rescue the pathological development and do 

favor to the treatment and improvement. Therefore, 

the circulating miRNA biomarkers could further serve 

as valuable research targets and candidate small 

molecule drugs for clinical treatment. 

So far, multiple independent validation studies are still 

demanded for clinical application. The combination of 

miRNAs with other biomarkers and precise selection 

of their origin could contribute to further researches. 

Obtaining the comprehensive view of miRNAs, 

identified and unidentified, as well as the lncRNAs, 

circular-RNAs, and other ncRNAsis still on the way. 

With clearer regulatory guidance, a more precise 

approach could be expected to provide a promising 

detection to improve treatment outcomes. 
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Abstract- System biology is an aid in understanding, 

regulatory processes and interactions between genes at 

the gene level. The contagious diseases that have 

spread worldwide (SARS-CoV-2) can be understood 

if we model their Gene regulatory networks plays an 

essential role in elementary biological processes, 

hence to model their network and infer information 

from it is a trivial task. GRN is a convention of gene 

interaction and managerial effects, thereby benefitting 

to perceive the complex interplay between multiple 

genes in different environmental scenarios. Learning 

of GRN Dynamics is tough due to the high complexity 

level with multiple components and their engagement 

with negative and positive components. GRN 

simulation and modeling is done via numerous 

computer tools and formal methods.  For the past 

many years innumerable mechanisms have been 

developed for GRN construction.  Many high 

throughput data sources like Gene expression datasets, 

microarray are being used to infer and construct the 

structure and dynamic rules of GRN. In this paper we 

summarized different modeling approaches based on 

computational tools, logical and continuous methods 

and the modeling based on different programming 

languages, further we have studied the advantages and 

disadvantages of each method that benefits the 

community of systems biology in understanding the 

complex mechanism behind different diseases. 

 

Keywords:  Computational Models; Gene Regulatory 

Network; System Biology; Modeling of GRNs, 

Mathematical models. 

 

1. Introduction  

Gene regulatory network or genetic regulatory 

network or gene regulatory network (GRN) is an 

assembly of DNA segments in a cell which commune 

indirectly with each other via their RNA and with 

other substances in the cell, thus administering the 

rates at which genes are transcribed into mRNA in the 

network. GRNs help in an organized understanding of 

biological processes and their fundamental molecular 

mechanisms. Metabolic networks consist of enzyme 

sets driven reactions and metabolites, and regulatory 

networks[1] refers to the genes, the regulatory proteins 

and their interlinking. Nodes exhibit genes and the 

edges between the nodes show gene interactions in the 

gene regulatory network. If there is increase in the 

expression level the interactions will be inductive i.e. 

the arrowheads, this shows that an increase in one 

expression will lead to an increase in the other, and if 

the expression is inhibitory i.e. the filled circles, 

indicates that an increase in one expression will lead 

to a decrease in the other. Hence in this way we can 

learn the expression level of SARS-CoV-2 thereby 

making its network and understanding its most 

complex expression level. The process of reverse 

engineering i.e. the construction of GRN from 

expression data, requires an enormous amount of time, 

hence it is computationally a trivial task. Therefore, 

many computational models are being created for gene 

regulatory network analysis and models can be 

classified into four classes (Figure 1).  

1) Logical models are qualitative in nature; it is 

flexible and fits easily in biological phenomena. 
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Varying functionalities of a given network under 

various conditions can be well understood with the 

help of logical models. 2) Continuous models 

manipulate behaviors to get an estimation of finer 

timing and exact molecular concentration 3) In 

Miscellaneous e.g. different models are present which 

explain the relationship between gene regulation and 

stochasticity. It combines various techniques like 

fuzzy rules and neural networks. 4) A fourth class 

describes many computational tools that are available 

which are helpful in the construction of regulatory 

networks. 5) The fifth class includes construction of 

regulatory networks using R and MATLAB languages 

and their packages[2].  

 

 

 

 

 

2. Modeling techniques 

Different approaches for the construction of Gene Regulatory Network are given Fig1. 

 

 

Fig1- Different Modeling Techniques for the construction of GRN 

2.1 Logical Network 

Logical models are the simplest and basic modeling 

techniques which are given by Kauffman and 

Thomas[3, 4].Local state for e.g genes ,protein and 

small molecules of each entity in a system represent 

logical models at any time as a discrete level[5]. The 

logical models depend on qualitative knowledge and 

these model types can be processed using 

mathematical models.The qualitative examination of 

regulatory models is best explained in the 

development of sea urchin embryos (Davidson, Rast et 

al. 2002). This reconstruction of regulatory networks 

illustrates how maternal cues start the process of 

regulatory networks and how these networks arrange 
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developmental processes. 

2.1.1 Boolean Network 

 

Boolean networks are the potent model of 

simultaneous interaction between nodes in networks. 

They are the effortless network models that showcase 

systemic and biological properties of real gene 

networks [6, 7].In this network an entity can have only 

two levels i.e. (a) active/on (b) inactive/off. This 

means that in a gene regulatory network a gene at a 

given particular time can either be expressed or not 

expressed. These models do have their limitations as 

given in their definition: Boolean and Synchronous. 

With the help of Boolean function, each entity level is 

modified according to different entities levels. The 

vector 0-1 describes entities levels also known as 

systems state and it changes synchronously.The 

relationship between network stability and regulation 

function of the boolean networks are described well in 

transcriptional network of yeast using network 

structure(Kauffman, Peterson et al. 2003) .According 

to this study when random regulation function are used 

network is stable and the stability of the solution 

increases when the regulation function are biologically 

meaningful. It also illustrates due to models limited 

level details transcription factor downregulates its own 

expression. Also it is computationally expensive; 

Boolean networks couldn’t analyze the dynamics of 

large networks and limited level of detail cannot 

correctly model the dynamics of transcription factor 

[7]. 

2.1.2 Probabilistic Boolean Network  

Probabilistic Boolean networks are the generalized 

form (stochastic model) of Boolean networks. Unlike 

Boolean network Probabilistic Boolean is not based on 

deterministic gene –gene interaction. The generalized 

form of BN consists of more than one associated 

Boolean function. Due to incomplete understanding of 

a system or insufficient experimental evidence, for an 

entity there is a requirement to define uncertainty in 

the regulatory logic. The modified form of Boolean 

network i.e. Probabilistic Boolean Network (PBN) is 

designed in such a way that an entity has several 

regulation functions, where the entity is given a 

probability as per  its compatibility with prior data[8, 

9]. PBN creates a sequence of global states that 

account for the Markov chain(Bhattacharya and 

Majumdar 2007). E.g from human glioma expression 

data PBN was used to model a 15 gene sub network 

(Shmulevich, Gluhovsky et al. 2003). 

2.1.3 Bayesian network 

In Bayesian networks GRN is modeled by a local joint 

probability distribution set and directed acyclic graph. 

A Bayesian network has a solid basis in statistics 

which is an attractive way to model regulatory 

networks .It also allows to deal with the stochastic 

aspects of gene expression and noisy measurements 

[7]. Even if complete knowledge of the system is not 

available, Bayesian networks can be used. Both graph 

models and Bayesian networks represent genetic 

regulatory networks but the major cons of this network 

are that it leaves dynamical aspects of gene regulation 

implicit. This major deficiency can be fixed through 

generalizations like dynamical Bayesian networks, 

which permit relations feedback in genes to be 

modeled [10]. To solve the problem of dynamicity, the 

Dynamic Bayesian networks (DBN) have been 

formulated.DBN is a model which is based on time-

dependency. For each number of genes DBN takes a 
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variable number of discrete states [7]. 

2.2 Continuous model  

Continuous models are theoretically more accurate 

and allow straightforward comparisons of the global 

states. It uses real valued parameters over a continuous 

timescale. These models cover only a fraction of the 

system entities i.e. in practices quantitative 

measurements are always partial[7, 11]. Thus, some 

continuous models parameters are based on inference 

or estimation. 

2.2.1 Linear model  

Each regulator in the linear model contributes to the 

input of the regulation function independently of the 

other regulators, in an additive manner[7]. We can 

consider a biological system as a state machine, where 

the system's internal state change is dependent on the 

current internal state with addition to any external 

inputs. 

If we want to calculate metabolites, protein levels, etc 

then the mRNA levels form an important part of the 

cell [1] internal state. As a first approximation, we fit 

the expression data with a purely linear model, where 

the expression level change of each mRNA species is 

derived as a weighted sum of the expression levels of 

all other genes. The basic form of linear equations is 

given as 

Xi (t +∆t) = ∑j WijXj (t) 

The expression level of gene i is denoted by Xi(t + Δt) 

at time t + Δt, and how much the level of gene j 

influences gene i is denoted by  Wij. For each gene, we 

have also added an additional term giving the 

influence of kainate, and a constant bias term to model 

the activation level of the gene in the absence of any 

other regulatory inputs[7, 11]. The differences in gene 

regulation due to tissue type will be modeled by a 

difference in bias. The final formula becomes 

Xi (t +∆t) = ∑j WijXj (t) + Ki .kainite(t) + Ci +Ti 

where kainate(t) is the kainate level at time t, Ki is the 

influence of kainate on gene i, Ci is a constant bias 

factor for each gene, and Ti indicates the difference in 

bias between tissue types[11]. 

2.2.2 Differential Equation Based Model  

Important network properties can be given by Boolean 

networks and Petri nets but they cannot describe some 

aspects of network dynamics. Difference and 

differential equations permit extra detailed 

descriptions of network dynamics, by explicitly 

modeling the concentration changes of molecules over 

time[12, 13].The basic equation difference equation 

model is of the form 

gi(t +∆t) –g1(t)= w11g1(t) + …..+w1ngn(t)) ∆t 

gn(t +∆t) –gn(t)= wn1g1(t) + …..+wnmgn(t)) ∆t 

The expression level of gene i at time t + Δt, is given 

by gi(t + Δt)  and wij the weight indicating how much 

the level of gene i is influenced by gene j (i,j = 1...n). 

Since Differential models are based upon numerical 

parameters so it is difficult to measure experimentally.  

2.3 Miscellaneous Models 

2.3.1 MetaReg 

MetaReg models consist of entities with many levels 

(generally 3-5) and also consist of separate regulation 

functions. For this Gat-Vikas developed two heuristics 

models, where the first model detects the networks 

steady states which can analyze the dynamics of the 

network and the second model picks regulation 

functions with most consistency with these steady 

states and can finish or edit a literature –based 

network.  

2.3.2 Petri Nets 
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Petri nets are the pictorial representation and graph 

models i.e. extension for gene regulatory system 

modeling [14]. These are non-deterministic methods 

which are applied for GRN simulation, allowing 

simple quantitative representation of dynamic 

processes. Petri nets consist of arc and two different 

types of nodes i.e. transition and position nodes where 

arcs connect position nodes to transition nodes and 

vice-versa. Petri nets are useful for metabolic reaction 

as detailed information is not required about the 

reaction rates. Since Petri nets do not support 

hierarchical structuring, it is hard to use in large scale 

networks. 

2.3.3 Hybrid Models 

Biological systems consist of discrete and continuous 

aspects [5]. Hybrid models are developed to describe 

discrete and continuous characteristics depending on 

the feature level of the adopted model [1, 15]. In these 

networks, the transition nodes trigger depends on both 

the token number and a stochastic component. Hybrid 

Functional Petri Nets (HFPN) models are the 

extension of hybrid models where transition and 

position nodes are constant[16]. HFPN permits a 

continuous and discrete nodes mixture, thus, enabling 

the information insertion of common reaction rates 

only [5]. (Also there exist other hybrid models than 

Hybrid Petri Nets; for instance Hybrid Automata) 

2.3.4 Finite State Linear Model (FSLM) 

FSLM requires a small computational cost of Boolean 

networks having an unbroken portrayal of the element 

values[17] .In this model, even though the gene 

activity may be under or over expressed, expression 

levels are indicated by real values. Complexity of the 

networks is well represented by this model. Due to 

lack of detailed biological information,  it is not 

advisable in case of modeling large regulatory 

networks[1]. 

2.3.5 Chemical Master Equation 

Chemical reactions are modeled as a Markov chain 

process where  the time is considered as continuous 

and states are discrete[18, 19].A transition happens 

when a chemical reaction occurs, from a particular 

given state to another state. It suffers from 

dimensionality due to involvement of interacting 

substances [1]. 

2.3.6 Rule Based formalism 

Rule based method is based on rules and condition (i.e. 

use of if then, else etc). This is of two types either 

knowledge based or rule based. Rule based are the set 

of facts that are stored in knowledge based. The rules 

in the knowledge base consist of condition part and 

action part. The condition part expresses condition in 

terms of properties of objects while the action part 

operates on objects. 

2.4 Computational Tools based approaches 

2.4.1 REVerse Engineering Algorithm (REVEAL) 

REVEAL surmises regulatory interactions through 

mutual information of the joint probability distribution 

of a target, between genes at any instant of time, and 

its predictors at the previous instant[1, 20]. Based on 

mutual information of the temporal measurements of 

gene expression (e.g. temporal microarrays) it 

estimates the relationship between genes. For e.g. 

Considering a temporal expressions set and a target 

gene Y, REVEAL applies a comprehensive scan for a 

given subset of qualities X, such that I(X,Y) = H(X), 

where H is the Shannon’s entropy of X. This 

correspondence implies that the conduct of Y is 

completely anticipated by X. 

 

2.4.2 Network Analyst 

NetworkAnalyst is a powerful web-based tool for 

visualization and analysis of gene expression data. For 

rendition of gene expression data within the context 
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protein-protein interaction (PPI) data, 

NetworkAnalyst was released in 2014[22]. Shortly it 

was updated (version 2.0) with amended workflow 

and function for gene expression meta-analysis. After 

continuously updating the NetworkAnalyst, now users 

can perform profiling of gene expression of 17 

different species; create tissue specific or cell-type PPI 

networks, gene co-expression networks, gene 

regulatory networks, and networks for 

pharmacogenomics and toxicogenomics studies as 

well. NetworkAnalyst takes on five type data inputs: 

gene list input, gene expression table, multiple gene 

expression table, raw RNA seq data and common 

network file (.sif, graphml, json). Users can make their 

own data analysis project and save which can be 

restarted for further analysis (the projects are saved for 

one year upon creation). NetworkAnalyst is publically 

available at https://www.networkanalyst.ca. 

2.4.3 BioTapestry 

Embryonic development control by gene regulatory 

network (GRN) and to understand this phenomenon 

completely, researchers need to understand the 

dynamic and architecture of the network. BioTapestry 

is designed to address the challenge of understanding 

the basic working and dynamics of gene regulatory 

networks. Users can utilize BioTapestry in two ways. 

Foremost, a range of model building tools provided by 

BioTapestry which include, a graphical network 

editor, ability for automatically layout the network and 

tool for highlighting the edges between any two genes 

in the network. Second one is, the network once has 

been built by using the aforementioned tool, model 

visualization, documentation, and dispersal facilities 

provided by BioTapestry[23]. 

BioTapestry is completely written in java and it can 

run in Microsoft, windows, Macintosh and 

Linux/Unix machines. In BioTapestry, genes and their 

transcriptional regulation are represented by graphical 

notation. Now BioTapestry provides a web application 

i.e. users are enabled to run BioTapestry online. The 

recent version of BioTapestry 6 and 7 consider two 

different areas: new version helps users to model and 

layout the network, and BioTapestry Viewer web 

application, it can be run completely by users online. 

It can export or import the data in .sif, .csv, .xml 

format. BioTapestry is freely available at 

http://github.com/BioTapestry. 

2.4.5Cell Designer 

Basic reasoning and dynamics of Gene regulatory and 

biochemical networks is a massive challenge to 

understand in system biology[24]. To solve this 

problem a modelling/simulation tool proposed by the 

system biology institute, Tokyo, Japan, called 

CellDesigner. The main aim of CellDesigner is to 

visualize models and simulate gene regulatory and 

biochemical networks as well. CellDesigner is a 

SBML (system biology markup language) compliant 

that’s why it is comfortable to switch data with other 

SBML compliant software. CellDesigner is a 

structured diagram editor for modelling gene 

regulatory and biochemical networks. With the help of 

a graphical notation system proposed by kitano 

networks are drawn on the basis of the process 

diagram. These designs are then stored using system 

biology markup language (SBML). Network can be 

linked with simulation and other analysis packages by 

system biology workbench (SBW)[24]. CellDesigner 

is written in java, for that reason supports various 

platforms like Linux Windows etc. CellDesigner is 

freely available http://www.celldesigner.org. 

2.4.6GRNsight 

GRNsight is a web application and service that is 

designed for visualization of small-to medium-scale 

gene regulatory networks (GRNs)[25]. It is a spry and 
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easy way that visualizes the weight parameter of a 

model, and shows the magnitude and direction of a 

transcription factor (TF) influence on its target gene. 

Format of input file in GRNsight based on Microsoft 

Excel workbook file (.xlsx), GRNsight is able to 

automatically layout a weighted or unweighted 

network. The excel spreadsheet contains an adjacency 

matrix in which the name of the regulator is in the 

column whereas rows contain the name of target genes 

and each cell in the matrix contains binary value (1 or 

0). This means that if there exists a relationship 

between regulator and target then it will represent 1 

else 0.GRNsight also import or export in simple 

interaction format (SIF) file or GraphML XML file. If 

a user has a Microsoft Excel workbook (.xlsx) file 

which is an output by a MATLAB program GRNmap, 

then users don’t need any modification to use the 

workbook with GRNsight. GAINsight supports the 

visualization of a network of 35 nodes and 75 edges 

but it accepts up to 75 nodes and 150 edges of the 

network. Nodes are rectangular, edges are arc and a 

loop determines the self-regulatory edges. GRNsight 

is freely available at  

http://dondi.github.io/GRNsight/. 

 

2.4.7   OmicsNet 

Biological networks play a major role in integration of 

omics data and system biology as well. For that reason 

various fabulous tools for biological network creation, 

visualization and analysis have been proposed, but 

they carry some limitations like the “hairball” effect, 

when visualization of large networks was performed. 

To overcome this problem is a web based tool that 

enables users to visualize and explore biological 

networks in three dimensional space, called 

OmicsNet[26]. OmicsNet is a web-based 3D analytics 

tool for biological networks. It performs network 

creation, visualization and analysis corresponding in 

three tasks – data upload, network creation, network 

visual analytics[27]. OmicsNet enables users to input 

a list of genes/proteins, transcription factor (TF), 

miRNA or metabolites to find various databases of 

molecular interaction. Users are also able to upload 

common network files from their local computer in 

.sif, .graphml, .txt (edge list) format and explore in 3D 

space. After uploading the list of one or more 

molecules of interest, users are able to continue to the 

next page for construction of the network. OmicsNet 

provides comprehensive options for a given network 

visualization, customization, topology analysis and 

functional analysis. During network visualization, 

network layout (arrangement of nodes) plays a major 

role in revealing important patterns of a given 

network. By default, OmicsNet supports standard 3D 

force-directed layout OmicsNet freely available at 

http://www.omicsnet.ca. 

 

2.5 Modeling using MATLAB/R languages 

Apart from many, above mentioned methods we can 

also model the gene regulatory network using different 

programming languages. Gene Regulatory networks 

constitute many regulatory connections that govern 

the level of expression of mRNA and proteins from 

those genes. To study the dynamic nature as to how 

gene expression in the network changes over time we 

have MATLAB software package, called GRNmap. It 

is developed to model the dynamics of small- to 

medium-scale GRNs with help of ordinary differential 

equations. Similarly with the help of R programming 

language we can have the analysis of gene expression 

profiles using different packages’ like edgeR, Limma, 

Glimma etc.The data will be collected from high-

throughput experimental data on expression profiling 

of genes/miRNAs from public repositories, Gene 

http://dondi.github.io/GRNsight/
file:///C:/Users/Mahesh-PC/Downloads/fullpapersforicbci/Manuscript-ICBCI2021-IEEE%20format.docx%23_heading=h.qsh70q
file:///C:/Users/Mahesh-PC/Downloads/fullpapersforicbci/Manuscript-ICBCI2021-IEEE%20format.docx%23_heading=h.3as4poj
http://www.omicsnet.ca/
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Expression Omnibus (GEO) 

(http://www.ncbi.nlm.nih.gov/geo) is a public 

repository for curated gene expression datasets, 

original series, and platform records. Further for the 

identification of differentially expressed genes will 

use software R (version 3.6.0, https://www.r-

project.org/) and packages from Bioconductor 

(http://www.bioconductor.org/) to conduct 

significance analysis of differentially expressed genes 

associated with particular disease. The microarray data 

were first preprocessed using the algorithm “RMA,” 

which contains background adjustment and 

normalization with the quantile method. Then the 

Moderated statistical approach was applied to select 

significant DEMs with the “limma” package of 

Bioconductor. Finally, gens were annotated through 

an annotation table downloaded from the GEO 

website. P values were adjusted by the default 

Benjamini & Hochberg (BH) false discovery rate 

method. Te adj.P value < 0.05 and |logFC| ≥2 to ≤ 0.05 

were considered as significantly  for upregulated and 

while adj.P value < 0.05 and |logFC|≤ -2 to ≤ 0.05 for 

down regulated DEMs. Analysis required different 

databases to predict the biological targets of gens. The 

network will be constructed using Cytoscape. 

3 Conclusions  

Since past many years numerous methods and models 

have been given in literature for the identification of 

GRNs on the basis of gene expression profiles, but the 

information needed to approve the inferred network is 

either incomplete or unknown. In order to solve this 

problem, we have assimilated global and topological 

properties found in biological networks [1].This paper 

gives us a brief review of different modeling 

techniques for the construction of gene regulatory 

networks. We have subdivided modeling techniques 

on the basis of logical models, continuous models, 

computational tools based approaches and modeling 

based on different languages. The Pros and cons of 

different modeling techniques for gene network 

construction are illustrated below in Table1.From the 

mentioned techniques we can find out the best suited 

model to construct the gene regulatory network, 

further with this we can select the targeted gene  and 

with that target gene we can use it for the drug target 

identification. 

 

 

Table1. Advantages and Disadvantages of different modeling techniques for gene network construction 

 

S.No Models Given By Year Pros  Cons 

I.  Boolean Model 

 

Kauffman  1969 It can provide network 

robustness 

Computationally costly 

to analyzethe 

largenetworks dynamics. 

II.  Probabilistic Model 

 

Shmulevich 2002 Stochastic State space is Discrete 

III.  Bayesian Model 

 

Pearl 1988 Deals with stochastic and 

noise, aspects of gene 

regulation. Ability to 

learn from observed data 

Does not consider the 

dynamic process of gene 

regulation and also, they 

are limited noncircular 

relations 

IV.  Continuous Linear 

Model 

 

Yeung  Quantitative in nature, 

qualitative data about 

regulatory networks can 

also be obtained  

Unable to catch gene 

regulationnonlinear 

dynamics aspects. 

file:///C:/Users/Mahesh-PC/Downloads/fullpapersforicbci/Manuscript-ICBCI2021-IEEE%20format.docx%23_heading=h.30j0zll
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V.  Differential Equation 

Based Model 

 

Chen et.al 1999 Simple homogeneous  Limited Upscalability 

VI.  Meta Reg 

 

Gat-vikas 2004 Closer to biological 

reality 

Analysis of steady states 

VII.  Petri Nets 

 

Chaouiya 2003 Reveal finer detail to 

metabolic/signaling 

networks 

Analysis is still 

qualitative 

VIII.  Hybrid Models 

 

Miyano and 

Kuhara 

2000 Hybrid models help in 

modeling continuous and 

discreteaspects together.  

Computationally 

expensive 

IX.  Finite State Linear 

Model 

 

Ruklisa, 

Brazma and 

Viksna 

2005 Good Degree of 

complexity of networks 

Not assigned for large 

networks 

Lack of biological 

information 

X.  Chemical Master 

Equation 

Hegland et.al 2007 Stochastic  

Approximation 

Suffers Dimensionality 

XI.  Rule Based 

Formalism  

Hayes-Roth 

et al.,  

1983 It can deal with richer 

variety of biological 

knowledge 

Difficult to apply for 

large networks 

XII.  REVEAL Fuhrman and 

Somogyi 

1998 Temporal measurements 

of gene expression 

Suffers Dimensionality 

XIII.  Network Analyst 

 

Jianguo Xia 

et.al 

2014 support of gene/protein 

list and single/multiple 

gene expression data 

Noisy Data  

XIV.  BioTapestry 

 

Paquette  

et.al 

2016 Useful for drawing larger 

and organized network. 

Requires a  JavaScript 

framework  to built the 

BioTapestry web client. 

XV.  Cell Designer Funahashi,A 

et.al 

2003 Easily switchable to other 

system biology markup 

language 

It limits possible 

molecular processes that 

can be represented 

XVI.  GRNsight 

 

Kam 

D. Dahlquist 

et.al 

2016 Simple and intuitive to 

use 

GRNsight does not 

interact directly with 

other databases or 

software 

XVII.  OmicsNet Guangyan 

Zhou  

  

Jianguo Xia 

 

2018 Users can perform 

various style 

customization, 

enrichment analysis, and 

several network topology 

analysis to gain system 

level insights. 

Slow response during 

network construction 

Current work is lost if the 

user stop working for 

some time 
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Abstract-Plants are able to produce various kinds of 

secondary metabolites. These secondary metabolites 

are a rich source of bioactive compounds that can be 

utilized as medicinal, therapeutic and agrochemical 

agents. Rapid developments in computational biology 

pave the way to find out the mechanism for the 

production of plant metabolites. The recent 

development in this field provides information that 

genes encoded some of these metabolites is arranged 

in an operon like gene cluster. These clusters are 

governed by the same regulatory element. 

Advancement in molecular biology, genome mining, 

and analysis techniques provides us the opportunity to 

modify these genes for large scale production of these 

specialized metabolites. Rice which is a major staple 

food for the human population was utilized in the 

present study to find out the gene clusters able to 

synthesize specialized metabolites. In this present 

study, we have used plantismash tool to find out the 

gene clusters in Oryza sativa group japonica and 

indica. Plantismash tool is able to provide 

information about the annotation and expression 

analysis of plant gene clusters. We have found out 

the 39 gene clusters on 12 chromosomes of Oryza 

sativa group japonica and 55 gene clusters on 12 

chromosomes of Oryza sativa group indica. 

 

Keywords: Plant Metabolites, BLAST, Gene 

clusters, Plantismash, Oryza Sativa, Secondary 

Metabolite  

 

 

1. Introduction 

Plant metabolites are specialized chemicals that 

provide important ecological functions, protection 

against various diseases and stresses. Plant secondary 

metabolites are used for various purposes by humans 

from ancient times. Bioactive compounds of these 

metabolites are used for various medicinal and 

therapeutic purposes. Recent advancement in 

molecular biological techniques and computational 

biology provides the opportunity to find the new 

metabolic pathways which are responsible for the 

production of these specialized chemicals [1]. It has 

recently found out that genes that are responsible for 

the formation of these metabolites are arranged in 

clusters and governed by the same regulatory element. 

Gene clusters are a group of two or more genes that are 

found in the DNA of any organism that collectively 

works in encoding similar proteins or enzymes [2]. 

Gene clusters work in various ways and they usually 

have the same promoter region by which all of them 

get expressed. It is believed till recent, that genes 

producing these secondary metabolites are scattered in 

the genome and express exclusive mutual. Secondary 

metabolic pathways consist of genes for ― signature 

enzymes that make the scaffold of the secondary 

metabolite, along with genes for― tailoring enzymes 

that carry out subsequent modifications to this scaffold 

mailto:vikas.14664@lpu.co.in
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[3]. Examples of plant signature enzymes are terpene 

synthases (for terpenes), chalcone synthases (for 

flavonoids), and CYP79 family enzymes for 

cyanogenic glucosides [3,4]. Examples of tailoring 

enzymes include oxidoreductases, methyltransferases, 

acyltransferases, and glycosyltransferases. A good 

candidate gene cluster will contain genes encoding a 

signature enzyme and tailoring enzymes. Given that 

these genes contribute to a common pathway, they 

may be expected to be tightly coexpressed, although 

this is not always the case (5).  

                           Rice is the staple food of more than 3 

billion people worldwide. A significant quantity of 

recommended niacin and zinc are provided by rice. 

The digestibility of rice protein is very high (88 per.) 

and thus is considered as biologically richest protein. 

After wheat, rice is considered second in the most 

important crops of the world [6]. Rice (Oryza sativa) 

is of family Poaceae and genus Oryza with over 20 

cultivated wild species. Oryza sativa and Oryza 

glaberrima being the most cultivated rice species. 

Oryza sativa is grown worldwide while Oryza 

glaberrima has been cultivated for about the last 3500 

years in West Africa. Rice contains a basic 

chromosome number of n = 12. The species’ can be 

diploid as well as triploid. Both Oryza sativa and 

Oryza glaberrima L. being diploid species (2n = 24). 

Asian cultivated rice is the first fully sequenced crop 

genome [7].  

    Oryza sativa japonica rice varieties having a short 

plant. Grains of this group are short and round. These 

are having low amylase content. Oryza sativa indica 

group having tall light green leaves. Grains of this 

group are long and flat. They are having high amylose 

content. 

 

 

2. Experimentation: 

2.1.  Collection of data:        

The rice genome consists of 12 chromosomes. The 

genome of Oryza sativa japonica and Oryza sativa 

indica downloaded from Genbank, NCBI [8]. 

 

Plantismash: 

         It allows the fast far-reaching recognizable 

proof, explanation and examination of optional 

metabolite biosynthesis quality bunches over the plant 

kingdom. It is a particular augmentation of the 

generally utilized anti-SMASH webserver, 

customized particularly to target plant genomes. It first 

takes an input sequence and then searches for gene 

clusters in it taking standard sequences in the inbuilt 

database as a reference and shows results when and if 

gene clusters are found in the input sequence. In this 

software, we first give the email to which we want our 

results to be sent. In the second input box, we upload 

our file of genomic or nucleotide sequence in 

GenBank or EMBL format. The file as a whole is quite 

big in size. To avoid and cut off time consumption we 

can use the third input box. In this, we upload the 

NCBI accession no. of our desired file. Another option 

would be to segment the whole genome into their 

chromosomes and upload each individually. This 

helps in reducing time consumption significantly. 

Once the results are obtained we can analyze them for 

finding gene clusters, their size, location, and core 

domains [9]. 

 

BLAST: 

Basic Local alignment search tool is an algorithms 

utilized for checking the sequence similarity in 

primary sequence of amino acids and nucleotides of 

genetic material i.e. DNA or RNA. Sequence 

similarity search was used to annotate the putative 
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gene clusters present in chromosomes of Oryza sativa. 

[10] 

 

3. Results and Discussion: 

           Chromosomes of Oryza sativa japonica and 

Oryza sativa indica run on plantismash webserver and 

the following results were obtained as per Table 1 and 

Table 2: 

• Results obtained from Oryza sativa japonica 

have the most occurrence of saccharide and 

putative gene clusters in chromosomes 

(1,2,3,4,5,6,8,9,10,11,12) and (8,9,6) 

respectively.  

• Results obtained from Oryza sativa indca 

have the most occurrence of saccharide and 

putative gene clusters in chromosomes (1 to 

6 and 9 to 12) and (1 to 3, 6 and 9 to 10) 

respectively. 

Analysis: We analyzed results obtained for putative 

clusters to find similarities in order to identify and 

predict their functions via Blast.  

Japonica group Putatives:  

• Chromosome 6, Cluster 1: Most similar 

sequence that was obtained was Proteosome 

subunit alpha-type. (Query coverage: 9%. 

Similarity: 100%. )  

• Chromosome 6, Cluster 2: Most similar 

sequence that was obtained was Houba Copia 

like Retrotransposon. (Query coverage: 21%. 

Similarity: 100%. )  

• Chromosome 8, Cluster 3: Most similar 

sequence that was obtained  

            was Carboxylesterase.  

         (Query coverage: 11%. Similarity:     97%. ) 

• Chromosome 9, Cluster 2: Most similar 

sequence that was obtained was 

Glycosyltransferase. (Query coverage: 17%. 

Similarity: 99%. )  

Indica group Putatives:  

• Chromosome 1, Cluster 1: Most similar 

sequence that was obtained was Proteosome 

subunit alpha-type. (Query coverage: 7%. 

Similarity: 89%. )  

• Chromosome 1, Cluster 4: Most similar 

sequence that was obtained was Peroxidase 

precursor. (Query coverage: 8%. Similarity: 

96%. )  

• Chromosome 3, Cluster 1: Most similar 

sequence that was obtained was 

Isoflavanone. (Query coverage: 9%. 

Similarity: 87%. )  

• Chromosome 4, Cluster 2: Most similar 

sequence that was obtained was 

Carboxylesterase. (Query coverage: 17%. 

Similarity: 100%. )  

• Chromosome 5, Cluster 2: Most similar 

sequence that was obtained was Proteosome 

subunit alpha-type. (Query coverage: 8%. 

Similarity: 88%. )  

• Chromosome 6, Cluster 2: Most similar 

sequence that was obtained was 

Amyloplastic. (Query coverage: 13%. 

Similarity: 94%. )  

• Chromosome 9, Cluster 2: Most similar 

sequence that was obtained was prx 89 gene. 

(Query coverage: 21%. Similarity: 83%. )  

• Chromosome 10, Cluster 6: Most similar 

sequence that was obtained was Hydroxyl 

Isoflavanone. (Query coverage: 7%. 

Similarity: 88%. ) 

 

4. Conclusion:    

The gene clusters obtained via plantismash of rice 
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chromosomes 1 to 12 of japonica group and indica 

group were varied in each with quite a few similar 

clusters present in each respectively.  The predominant 

cluster that was obtained was saccharide in both 

groups while Putative has second-most occurrence. 

Core domains that have the most occurrences are 

2OG-FeII_Oxy, transferases, and peptidases.  

     

Tables and Figures:  
Table 1 Analysis of gene clusters occurrence 

on Oryza sativa japonica and Oryza 

sativa Indica 

Japonica group Indica Group 

1.) There were thirteen 

saccharide gene clusters in 

the obtained result. 

Inference: Sugar content lower 

than rice of Indica group 

 

2.) Two Alkaloid gene clusters 

were obtained. 

Inference: Nitrogenous organic 

compound content is much lower 

than rice of Indica group. 

 

3.) There were four terpene gene 

clusters in the obtained result. 

Inference: Less fragrant than rice 

of Indica 

group. 

 

4.) There were five lignan gene 

clusters in the obtained result. 

 

1)There were fifteen 

saccharide gene 

clusters 

in the obtained result. 

Inference: Sugar content 

higher than rice of 

Japonica group. 

2)Seven Alkaloid gene 

clusters were found. 

Inference: Nitrogenous 

organic compound 

content is much higher 

than rice of Japonica 

group. 

3)There were six 

terpene gene clusters in 

the 

obtained result. 

Inference: More fragrant 

than rice of Japonica 

group. 

4)There were five lignan 

gene clusters in the 

obtained result. 

Inference: Phytoestrogen 

levels are similar. 
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Table 2 

Gene clusters of Oryza 

sativa japonica (chr-1 to 

chr-12) 

    Chromosome 

Sr

. 

N

o. 

Gene 

cluster 

Size 

(kb) 

Core 

Domains 

Chromosome 1 

1. 
Sacchari

de 

71.4

4 

2OG-

FeII_Oxy, 

DIOX_N, 

Peptidase_S1

0, UDPGT_2 

2. 

Lignan-

Polyketi

de 

70.9

0 

Chal_sti_syn

t_C, 

Chal_sti_syn

t_N, 

Dirigent, 

p450 

3. 
Sacchari

de 

82.5

1 

Aminotran_1

_2, 

UDPGT_2 

4. 
Sacchari

de 

72.2

2 

UDPGT_2, 

p450 

5. Alkaloid 
33.2

8 

Bet_v_1, 

Epimerase, 

Methyltransf

_11 

Chromosome 2 

1. 
Sacchari

de 

139.

97 

Glycos_trans

f_1, p450 

2. 

Sacchari

de-

Polyketi

de 

211.

17 

Chal_sti_syn

t_C, 

UDPGT_2, 

p450 

3. Terpene 
369.

98 

COesterase, 

Terpene_synt

h, 

Terpene_synt

h_C, p450 

Chromosome 3 

1. 

Lignan-

Sacchari

de 

97.5

5 

Cellulose_sy

nt, Dirigent, 

Methyltransf

_11, 

UDPGT_2 

2. 
Sacchari

de 

64.1

2 

Amino_oxid

ase, 

UDPGT_2, 

adh_short 

Chromosome 4 

1. Terpene 
212.

71 

Terpene_synt

h, 

Terpene_synt

h_C, 

adh_short_C

2, p450 

2. 

Sacchari

de-

Alkaloid 

360.

51 

Cu_amine_o

xid, 

UDPGT_2, 

adh_short 

3. 
Sacchari

de 

169.

20 

Peptidase_S1

0, UDPGT_2 

4. Terpene 
334.

35 

2OG-

FeII_Oxy, 

Terpene_synt

h, 

Terpene_synt

h_C 

5. 
Sacchari

de 

42.2

8 

Peptidase_S1

0, UDPGT_2 

6. Terpene 
61.5

0 

Terpene_synt

h, 

Terpene_synt

h_C, 

Transferase 

7. Lignan 
82.1

5 

2OG-

FeII_Oxy, 

DIOX_N, 

Dirigent, 

Methyltransf

_7 

Chromo

some 5 
1. 

Sacchari

de 

207.

12 

2OG-

FeII_Oxy, 

DIOX_N, 

Transferase, 

UDPGT_2 

Chromo

some 6 

1. Putative 
71.5

8 

2OG-

FeII_Oxy, 

DIOX_N 

2. Putative 
105.

71 

Peptidase_S1

0, 

Transferase, 

adh_short_C

2 

3. 
Sacchari

de 

165.

15 

Transferase, 

UDPGT_2 

4. 
Polyketi

de 

133.

31 

Chal_sti_syn

t_C, p450 

Chromosome 7 1. Lignan 
86.4

6 

Aminotran_1

_2, Dirigent 
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2. 

Lignan-

Sacchari

de 

88.1

8 

Aminotran_1

_2, Dirigent, 

Glycos_trans

f_1 

3. Lignan 
86.3

7 

COesterase, 

Dirigent, 

p450 

Chromosome 8 

1. 

Sacchari

de-

Terpene 

127.

02 

Methyltransf

_2, 

Terpene_synt

h, 

Terpene_synt

h_C, 

UDPGT_2 

2. 
Lignan-

Alkaloid 

132.

28 

Bet_v_1, 

Dirigent, 

Epimerase 

3. Putative 
83.8

2 

COesterase, 

adh_short 

Chromosome 9 

1. 
Sacchari

de 

99.6

2 

AMP-

binding, 

UDPGT_2, 

p450 

2. Putative 
150.

15 

COesterase, 

Peptidase_S1

0, adh_short 

Chromosome 10 

1. 
Sacchari

de 

141.

74 

Transferase, 

UDPGT_2, 

p450 

2. 

Lignan-

Sacchari

de 

432.

20 

Dirigent, 

UDPGT_2, 

p450 

3. 
Polyketi

de 

141.

94 

Acetyltransf_

1, 

COesterase, 

Chal_sti_syn

t_C, 

Epimerase 

4. 
Polyketi

de 

139.

12 

Amino_oxid

ase, 

Chal_sti_syn

t_C, 

GMC_oxred

_C, 

GMC_oxred

_N 

Chromosome 11 

1. Alkaloid 
41.9

8 

HMGL-like, 

Str_synth, 

p450 

2. Lignan 
130.

12 

Dirigent, 

Peptidase_S1

0 

 

3. 
Sacchari

de 

468.

44 

2OG-

FeII_Oxy, 

UDPGT_2, 

adh_short, 

adh_short_C

2 

Chro

mosome 12 

1. Lignan 
323.

86 

Dirigent, 

Methyltransf

_2, p450 

2. 
Sacchari

de 

67.7

9 

Glycos_trans

f_1, p450 

 

Table 3 
Gene clusters of Oryza sativa 

indica (chr-1 to chr-12) 

Chromosome 
Sr. 

No. 

Gene 

cluster 

Size 

(kb) 

Core 

Domains 

 

Chromosome 

1 1. Putative 

90.7

5 

adh_short, 

p450 

2. 

Saccharid

e 

106.

76 

2OG-

FeII_Oxy, 

DIOX_N, 

Peptidase_S

10, 

UDPGT_2 

          

3. Polyketide 

47.7

4 

Chal_sti_sy

nt_C, 

Chal_sti_sy

nt_N,p450 

4. Putative 

143.

09 

COesterase, 

Peptidase_S

10, p450 

5. 

Saccharid

e 

55.0

4 

Methyltrans

f_11, 

UDPGT_2 

6. 

Saccharid

e 

63.6

2 

UDPGT_2, 

p450 

7. Alkaloid 

33.5

5 

Bet_v_1, 

Epimerase, 

Methyltrans

f_11 

8. Lignan 

12.6

9 

Dirigent, 

Epimerase 

Chromosome 

2 

1. Terpene 

88.2

1 

SQHop_cyc

lase_C, 

SQHop_cyc

lase_N 

2. 

Saccharid

e 

221.

17 

Glycos_tran

sf_1, p450 

3. 

Saccharid

e- 

Polyketide 

97.7

3 

     

Chal_sti_sy

nt_C, 
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UDPGT_2 

4. Terpene 

334.

45 

COesterase, 

Terpene_sy

nth, 

Terpene_sy

nth_C, p450 

5. 

Saccharid

e 

41.6

3 

Glycos_tran

sf_1,Glycos

_transf_2, 

Methyltrans

f_11 

Chromosome 

3 

1. Putative 

107.

70 

Acetyltransf

_1, 

Amino_oxid

ase, 

Aminotran_

1_2 

2. Alkaloid 

89.7

6 

Aminotran_

1_2, 

Bet_v_1, 

adh_short, 

adh_short_C

2 

3. 

Saccharid

e 

53.6

5 

AMP-

binding, 

SQS_PSY, 

UDPGT_2 

4. 

Lignan-

Saccharid

e 

82.0

0 

Cellulose_s

ynt, 

Dirigent, 

Methyltrans

f_11, 

UDPGT_2 

5. 

Saccharid

e 

79.5

3 

Amino_oxid

ase, TPMT, 

UDPGT_2, 

adh_short 

Chromosome 

4 

1. Terpene 

269.

58 

2OG-

FeII_Oxy, 

DIOX_N,T

erpene_synt

h, 

Terpene_sy

nth_C, 

p450 

2. Putative 

60.7

3 

Methyltrans

f_2, 

Transferase 

3. 

Saccharid

e- 

Alkaloid 

259.

95 

Cu_amine_

oxid, 

UDPGT_2, 

adh_short 

4. Terpene 

159.

38 

Terpene_sy

nth, 

Terpene_sy

nth_C, 

adh_short 

5. 

Saccharid

e- 

Polyketide 

101.

87 

Chal_sti_sy

nt_C, 

Chal_sti_sy

nt_N, 

UDPGT_2 

6. 

Saccharid

e 

36.8

8 

Peptidase_S

10, 

UDPGT_2 

7. Terpene 

73.9

1 

Terpene_sy

nth, 

Terpene_sy

nth_C, 

Transferase 

8. Lignan 

96.1

0 

2OG-

FeII_Oxy, 

DIOX_N, 

Dirigent, 

Methyltrans

f_7 

Chromosome 

5 

1. 

Saccharid

e 

46.8

1 

2OG-

FeII_Oxy, 

DIOX_N, 

UDPGT_2 

2. Putative 

124.

24 

2OG-

FeII_Oxy, 

Acetyltransf

_1, 

DIOX_N, 

Methyltrans

f_2, p450 

Chromosome 

6 

1. 

Lignan-

Saccharid

e 

156.

97 

Aminotran_

1_2, 

Dirigent, 

Transferase, 

UDPGT_2 

2. Putative 

186.

18 

Methyltrans

f_2, 

Methyltrans

f_7, 

Peptidase_S

10 

3. 

Saccharid

e 

221.

10 

Methyltrans

f_2, 

UDPGT_2 

4. 

Saccharid

e 

160.

38 

UDPGT, 

UDPGT_2 

5. Alkaloid 

152.

33 

Cellulose_s

ynt, 

Cu_amine_o

xid 

Chromosome 

7 

1. 

Saccharid

e- 

Polyketide 

145.

89 

Chal_sti_sy

nt_C, 

Chal_sti_sy

nt_N, 

Glycos_tran

sf_1, 

Transferase 
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2. 

Lignan-

Saccharid

e 

75.2

1 

Aminotran_

1_2, 

Dirigent, 

Glycos_tran

sf_1 

3. Lignan 

67.4

4 

COesterase, 

Dirigent, 

p450 

Chromosome 

8 

1. 

Saccharid

e- Terpene 

96.8

9 

Methyltrans

f_2, 

Terpene_sy

nth, 

Terpene_sy

nth_C, 

UDPGT_2 

2. Alkaloid 

92.8

1 

Str_synth, 

Transferase 

3. Alkaloid 

103.

26 

Epimerase, 

FA_desatur

ase, 

Str_synth 

Chromosome 

9 

1. 

Saccharid

e 

104.

28 

AMP-

binding, 

UDPGT_2, 

p450 

2. Putative 

123.

70 

COesterase, 

Peptidase_S

10, 

adh_short 

Chromosome 

10 

1. Polyketide 

169.

74 

Chal_sti_sy

nt_C, 

Chal_sti_sy

nt_N, p450 

2. 

Saccharid

e- 

Polyketide 

138.

86 

Chal_sti_sy

nt_C, 

Chal_sti_sy

nt_N, 

UDPGT_2, 

p450 

3. 

Saccharid

e 

119.

93 

Transferas

e, 

UDPGT_

2, p450 

4. Lignan- 

Saccharid

e 

169.

86 

Dirigent, 

UDPGT_2 

5. 

Polyketide 

41.5

4 

Acetyltra

nsf_1, 

COesteras

e, 

Chal_sti_s

ynt_C 

6. 

Putative 

64.8

3 

2OG-

FeII_Oxy, 

DIOX_N 

Chromosome 

11 

1. 

Alkaloid 

34.3

0 

HMGL-

like, 

Str_synth, 

p450 

2. 

Lignan 

62.0

2 

Dirigent, 

Peptidase

_S10 

3. 

Saccharid

e 

125.

71 

Peptidase

_S10, 

UDPGT_

2 

4. 

   

Polyketide 

130.

39 

Chal_sti_s

ynt_C, 

Chal_sti_s

ynt_N 

Chromosome 

12 

1. 

Alkaloid 

57.9

9 

Epimeras

e, 

HMGL-

like, 

Str_synth, 

p450 

2. 

Lignan 

175.

27 

COesteras

e, 

Dirigent, 

Peptidase_

S10 

3. 

Terpene 

55.1

6 

2OG-

FeII_Oxy, 

DIOX_N, 

Terpene_s

ynth_C 

4. 

Saccharid

e 

100.

29 

Glycos_tr

ansf_1, 

Peptidase

_S10, 

p450 
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