
  

 

BIOTECHNOLOGY 

Academic Information 

Hand Book 2024 



  

BIOTECHNOLOGY 1 

 

VISION AND MISSION OF KARUNYA INSTTUTE OF TECHNOLOGY AND 

SCIENCES 

 

Vision of the Institute 

 True to its name Karunya which means 'Compassion' shall be an institution with 

social concern to address the problems of humanity through technical education, 

research and development, products, patents and extension. 

 The faculty and students of Karunya will be nurtured in character, ethics and spiritual 

discernment to serve the society with fervor and zeal. 

 

Mission of the Institute 

 To raise students to serve humanity by attaining high levels of academic excellence and 

professional competence with exemplary values and social concern. 

 To find solutions to human problems in areas relating to water, food, health and 

sustainable energy through scientific, social and technological research. 

 To setup care homes for physically and mentally challenged, the elderly and the 

terminally ill, enabling students to understand human needs through participation and 

dedication, solving problems through research, development, innovation and spiritual 

care. 
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VISION AND MISSION OF THE DEPARTMENT OF BIOTECHNOLOGY 

 

Vision of the Department 

 To raise biotechnologists with potential to innovate and disseminate technical 

knowledge towards the betterment of the community. 

Mission of the Department 

 To impart academic excellence, professional competence with ethics to develop 

processes and valuable bio-products. 

 To recognize and solve problems pertinent to Water, Food, Health Care and Energy 

through biotechnology approaches. 

 

B.Tech. Biotechnology 

Program Educational Objectives (PEOs) 

 PEO I: Demonstrate knowledge towards sustainable development in Biotechnology 

meeting the International standards. 

 PEO II: Exhibit skills in Biotechnological process development, product optimization, 

commercialization and social application. 

 PEO III: Establish bioethical practices and ensure awareness on professional codes. 

 

Program Outcomes (POs)  

   Graduates will have ability to: 

 PO1: Engineering Knowledge: Apply the knowledge of Mathematics, Science and 

Engineering to solve the problems related to Bio-Technology. 

 PO2: Problem analysis: Identify, formulate and analyze the complex problem in Bio-

Technology and provide appropriate conclusions using principles of Engineering & 

Sciences. 

 PO3: Design/development of solutions: Design solutions for complex bio-based 

problems and design process that address the specified needs for the public health, 

safety and environmental considerations. 
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 PO4: Conduct investigations of complex problems: Design experiments, analyze, 

interpret data and synthesize information using knowledge based research tools to 

arrive at valid conclusions. 

 PO5: Modern tool usage: Create, select and apply appropriate techniques, software 

resources and modern engineering tools for prediction and modeling of complex 

engineering and biotechnology problems in different fields to understand the 

limitations. 

 PO6: The Engineer and Society: Rational use of contextual knowledge to asses 

societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice and modern biotechnological research 

and development. 

 PO7: Environment and Sustainability: Understand and exhibit the knowledge vital 

for sustainable development in societal and environmental contexts using the 

professional engineering and biotechnology solutions. 

 PO8: Ethics: Inculcate ethical principles to imbibe professional ethics, responsibilities 

and norms of the Engineering practice and Biotechnology research. 

 PO9: Individual and team work: Function effectively as an individual, member or 

leader of diverse teams in multidisciplinary settings. 

 PO10: Communication: Communicate effectively with the engineering community 

and with society at large on complex food material procurement, manufacture and 

distribution activities and be able to comprehend, document, write effective reports, 

prepare presentations and exchange of clear instructions and knowledge. 

 PO11: Project management and finance: Effectively communicate with engineering 

community on activities relevant to society at large and comprehend reports & 

documentation, make effective presentations and exchange clear instructions. 

 PO12: Life-long learning: Recognize the need for independent and life-long learning 

experience for a lucrative professional career. 

Program Specific Outcomes (PSOs) 

 PSO 1: Graduates have strong knowledge in the field of biotechnology and applied 

sciences. 

 PSO 2: Graduates will design and conduct experiments in biotechnology as well as 

analyze and interpret data. 

 PSO 3: Graduates will use current techniques, skills and modern tools necessary for 

modeling and design of bioprocesses. 
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M.Tech. Biotechnology 

Program Educational Objectives (PEOs) 

 PEO I: Excellence in interdisciplinary knowledge for sustainable development in 

Biotechnology meeting the National and International standards. 

 PEO II: Professional skills to resolve problems in health, agriculture and environment 

domains using biotechnological tools and practices. 

 PEO III: Inculcate bioethical practices and social responsibility among students. 

 

Program Outcomes (POs)  

Graduates will be able to: 

 PO 1: Independently carry out research /investigation and development work to solve 

practical problems. 

 PO 2: Write and present a substantial technical report/document. 

 PO 3: Demonstrate a degree of mastery over the area as per the specialization of the 

program. The mastery should be at a level higher than the requirements in the 

appropriate bachelor program. 

 PO 4: Apply technical knowledge to provide solutions to societal problems and ethical 

issues conforming to sustainability. 
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B Tech Biotechnology – 2024 Batch  

PROGRAMME STRUCTURE 

Sl. 

No. 
Category 

Category 

Code 
Credits 

1 
Humanities and Social Sciences including Management and 

Entrepreneurship courses 
HSMC 15 

2 Basic Science Courses BSC 16 

3 
Engineering Science courses including workshop, drawing, basics of 

electrical/mechanical/computer etc. 
ESC 14 

4 Professional Core Courses PCC 68 

5 

Project  work,  seminar  and  internship / Product Development  in  

industry  or appropriate work place/ academic and research 

institutions in India/abroad 

Project 17/11 

6 Professional   Elective PEC 18/24 

7 
Open subjects – Electives from other technical and /or emerging 

Courses 
OEC 6 

8 Mandatory Courses MC 0 

9 Skill based Courses SBC 6 

10 Online Courses MOOC 5 
 Total  165 

 

Course components and Credit Structure with Year wise distribution 

Component I Year II Year III Year IV Year 

Humanities, Social Sciences including Management 

Courses 
6 6  3 

Basic Science Courses 16    

Engineering Science 11 3   

Programme Core 3 24 30.5 10.5 

Professional Electives  3 9 6 

Open Electives  3 3  

Mandatory Courses  0 0  

Skill Based Courses 2 2 1 1 

Project / Internship/ Mini Projects  1 2 14 

Total Credits(Regular students) 38 42 45.5 34.5 

MOOC 5 

Total Credits 165 

 

COURSE COMPONENTS 

Category 1: Humanities and Social Sciences including Management and Entrepreneurship courses 

[HSMC] 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credit 

L T P 

1 23MS2001 Concepts and Applications in Entrepreneurship 3 0 0 3 

2  
Technical Communication 

 English/French/German/Spanish 
2 0 0 2 

3 20MS2005 Soft Skills 1 0 0 1 

4  Universal Human Values II 2 1 0 3 

5 24CS2012 Artificial Intelligence for Biotechnology 3 0 0 3 

6 24BT2022 Bioethics, IPR and Biosafety 3 0 0 3 

  Total Credits    15 
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Category 2: Basic Science Courses [BSC] 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credit 

L T P 

1 24MA1001 
Basic Mathematics and Numerical 

Computing 
2 1 0 3 

2 24PH1001 
Applied Physics for Biotechnology 

Engineering 
2 0 2 3 

3 20BT2001 Chemistry of Biomolecules 3 0 0 3 

4 24BT2002 Chemistry of Biomolecules Laboratory 0 0 2 1 

5 24MA1002 
Statistical Analysis and Random Process 

for Bio-Technology 
2 1 0 3 

6 24BT2001 Introductory Biotechnology 3 0 0 3 

  Total Credits    16 

Category 3: Engineering Science courses including workshop, drawing, basics of 

electrical/mechanical/computer etc. [ESC] 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credit 

L T P 

1 24EE2081 
Sensors and Measurement Techniques in 

Biotechnology 
2 0 2 3 

2 20CS1003 
Fundamentals of Programming for 

Problem Solving 
3 0 2 4 

3 20BT2004 Workshop Practices in Biotechnology 0 0 2 1 

4 20BT1002 Basics of Python Programming 2 0 2 3 

5 24BT2008 Bioprocess Principles 3 0 0 3 

  Total Credits    14 

Category 4: Professional Core Courses [PCC] 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credit 

L T P 

1 24BT2005 Basics of Industrial Biotechnology 3 0 0 3 

2 24BT2003 Analytical Techniques in Biotechnology 2 1 0 3 

3 24BT2004 Microbiology 3 0 0 3 

4 24BT2006 Microbiology Lab 0 0 3 1.5 

5 24BT2007 Bio-analytical Techniques Laboratory 0 0 3 1.5 

6 24BT2009 Molecular Biology 3 0 0 3 

7 24BT2013 Metabolic Engineering 3 0 0 3 

8 24BT2011 Genetic Engineering 3 0 0 3 

9 24BT2012 Bioprocess Engineering 3 0 0 3 

10 24BT2010 Immunology 3 0 0 3 

11 24BT2014 IoT in Biotechnology 2 1 0 3 

12 24BT2015 
Principles of Plant Biotechnology and 

Applications 
3 0 0 3 

13 24BT2016 Advances in Animal Biotechnology 3 0 0 3 

14 24BT2018 Plant and Animal Tissue Culture Lab 0 0 4 2 

15 24BT2019 Downstream Processing 3 0 0 3 

16 24BT2020 Environmental Biotechnology 3 0 0 3 

17 24BT2021 Concepts of Bioinformatics 2 0 2 3 

18 24BT2023 Downstream Processing Lab 0 0 3 1.5 

19 24BT2017 Good Manufacturing and Laboratory Practices 3 0 0 3 

20 22BT2075 Bioprocess Lab 0 0 3 1.5 

21 22BT2097 Comprehensive Practices 0 0 3 1.5 

22 20BT2003 Cell Biology 3 0 0 3 
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23 20BT2009 Biochemistry 3 0 0 3 

24 20BT2010 Biochemistry Lab 0 0 3 1.5 

25 20BT2026 Cell Biology and Immunology Lab 0 0 3 1.5 

26 20BT2019 Molecular biology and Genetic Engineering  Lab 0 0 3 1.5 

27 22BT2073 Cheminformatics and Medicinal Chemistry 2 1 0 3 

  Total Credits    68 

Category 5: Project work, seminar and internship / Product Development in industry or appropriate 

work place/ academic and research institutions in India/abroad [Project] 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credit 

L T P 

1 
ITP2921/ 

MP2921 
Industry Internship-I / Mini project-I 0 0 2 1 

2 
ITP2911/ 

MP2911 
Industry Internship-II / Mini project-II 0 0 4 2 

3 
24BT2999/ 

24BT2998 
Project 0 0 14 14/8 

  Total  Credits Required    17/11 

Category 6: Professional   Elective   courses   relevant   to   chosen specialization/branch [PEC] 

Sl. 

No. 
Courses 

Hours / Week 
Credit 

L T P 

1 Professional  Electives – 1 3 0 0 3 

2 Professional  Electives – 2 3 0 0 3 

3 Professional  Electives – 3 3 0 0 3 

4 Professional  Electives – 4 3 0 0 3 

5 Professional  Electives – 5 3 0 0 3 

6 Professional  Electives – 6 3 0 0 3 

 Total  Credits    18/24 

Category 7: Open subjects – Electives from other technical and /or emerging Courses [OEC] 

Sl. 

No. 
Courses 

Hours / Week 
Credit 

L T P 

1 Open Elective 1  3 0 0 3 

2 Open Elective 2  3 0 0 3 

 Total  Credits    6 

Category 8: Mandatory Courses [MC] 

Sl. 

No. 
Courses 

Hours / Week 
Credit 

L T P 

1 Constitution of India 2 0 0 0 

2 Environmental Studies 2 0 0 0 

3 Indian Knowledge System 2 0 0 0 

 Total  Credits    0 

Category 9: Skill Based Courses [SBC] 

Sl. 

No 

Course 

 Code 
Course Name 

Hours / Week 
Credits 

L T P 

1 23BT2005 Fundamental Laboratory Practices 0 0 2 1 

2 23BT2006 Industrial Design and Layout 0 0 2 1 

3 23BT2007 Medical Laboratory Practices 0 0 2 1 

4 23BT2008 Bioproduct Development 0 0 2 1 

5 23BT2009 Molecular Diagnostics 0 0 2 1 

6 23BT2010 Quality Control and Management 0 0 2 1 

  Total Credits    6 
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Category 10: MOOC 

Sl. 

No. 
Courses Credit 

1 
The students shall earn 5 credits through online courses between 2nd and 7th 

semester (both inclusive) 
5 

 Total Credits 5 

Professional Electives 

Sl. 

No 

Course 

Code 
Course Title 

Hours / Week 
Credit 

L T P 

1 22BT2076 Data Analysis and Simulations 2 1 0 3 

2 22BT2077 Big Data Analytics 2 1 0 3 

3 22BT2078 Biosimilars Technology 3 0 0 3 

4 22BT2079 Waste Management and Upcycling 3 0 0 3 

5 22BT2080 Gene Expression and Transgenics 3 0 0 3 

6 22BT2081 Rational Drug Discovery 2 1 0 3 

7 22BT2082 Precision Medicine and Wellness 3 0 0 3 

8 22BT2083 Nano Biotechnology 3 0 0 3 

9 22BT2084 Structural Biology 3 0 0 3 

10 22BT2085 Synthetic and Systems Biology 2 1 0 3 

11 22EC2028 Fundamentals of Bio Imaging  3 0 0 3 

12 24BT2024 Stem Cell Technology  3 0 0 3 

13 24BT2025 Tissue Engineering 3 0 0 3 

14 23BT2011 Entrepreneurship Development 3 0 0 3 

Open Electives 

1 22BT2095 Biomaterials in Biotechnology 3 0 0 3 

2 22BT2096 Bioterrorism and National Security 3 0 0 3 

 

SEMESTER-WISE CURRICULUM  

  SEMESTER I (FIRST YEAR) 

Sl. 

No 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

1  Induction Programme  - - - - 

THEORY 

1 24MA1001 
Basic Mathematics and 

Numerical Computing 
BSC 2 1 0 3 

2 24PH1001 
Applied Physics for 

Biotechnology Engineering 
BSC 2 0 2 3 

3 24EE2081 
Sensors and Measurement 

Techniques in Biotechnology 
ESC 2 0 2 3 

4 24BT2001 Introductory Biotechnology BSC 3 0 0 3 

5 23MS2001 
Concepts and Applications in 

Entrepreneurship 
HSMC 3 0 0 3 

6  Mandatory Course- I MC 2 0 0 0 

7  

Technical Communication 

English / French / German / 

Spanish 

HSMC 2 0 0 2 

PRACTICALS 

1 20BT2004 
Workshop Practices in 

Biotechnology 
ESC 0 0 2 1 

2 23BT2005 
Fundamental Laboratory 

Practices 
SBC 0 0 2 1 

  Total     19 
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SEMESTER II (FIRST YEAR) 

Sl. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

THEORY 

1 20BT2003 Cell biology PCC 3 0 0 3 

2 24MA1002 
Statistical Analysis and Random 

Process for Biotechnology   

BSC 
2 1 0 3 

3 20CS1003 
Fundamentals of Programming 

for Problem Solving 

ESC 
3 0 2 4 

4 20BT1002 Basics of Python Programming ESC 2 0 2 3 

5 20MS2005 Soft Skills HSMC 1 0 0 1 

6 20BT2001 Chemistry of Biomolecules BSC 3 0 0 3 

7  Mandatory Course - II MC 2 0 0 0 

PRACTICALS  

1 24BT2002 
Chemistry of Biomolecules 

Laboratory 
BSC 0 0 2 1 

2 23BT2006 Industrial Design and Layout SBC 0 0 2 1 

  Total     19 

SEMESTER III (SECOND YEAR) 

Sl. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

THEORY 

1 20BT2009 Biochemistry PCC 3 0 0 3 

2 24BT2003 
Analytical Techniques in 

Biotechnology 
PCC 2 1 0 3 

3 24BT2004 Microbiology PCC 3 0 0 3 

4 24BT2005 
Basics of Industrial 

Biotechnology 
PCC 3 0 0 3 

5  Open Elective I OEC 3 0 0 3 

PRACTICALS 

1 24BT2006 Microbiology Lab PCC 0 0 3 1.5 

2 20BT2010 Biochemistry Lab PCC 0 0 3 1.5 

3 24BT2007 
Bio-analytical Techniques 

Laboratory 
PCC 0 0 3 1.5 

4 23BT2007 Medical Laboratory Practices SBC 0 0 2 1 

5 
ITP2921/M

P2921 

Industry Internship-I/  

/ Mini project-I/  
Project 0 0 2 1 

  Total     21.5 

SEMESTER IV (SECOND YEAR) 

S1. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

THEORY 

1 24BT2008 Bioprocess Principles ESC 3 0 0 3 

2 24BT2009 Molecular Biology PCC 3 0 0 3 

3 24BT2010 Immunology PCC 3 0 0 3 

4  Universal Human Values II HSMC 2 1 0 3 

5 24CS2012 
Artificial Intelligence for 

Biotechnology 
HSMC 3 0 0 3 

6  Professional Elective – 1 PEC 3 0 0 3 

PRACTICALS 

1 20BT2026 
Cell Biology and Immunology 

Lab 
PCC 0 0 3 1.5 

2 23BT2008 Bioproduct Development SBC 0 0 2 1 
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  Total     20.5 

SEMESTER V (THIRD YEAR) 

Sl. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

THEORY 

1 24BT2011 Genetic Engineering PCC 3 0 0 3 

2 24BT2012 Bioprocess Engineering PCC 3 0 0 3 

3 24BT2013 Metabolic Engineering PCC 3 0 0 3 

4  Professional Elective-2 PEC 3 0 0 3 

5  Professional Elective-3 PEC 3 0 0 3 

6 24BT2014 IoT in Biotechnology PCC 2 1 0 3 

PRACTICALS 

1 22BT2075 Bioprocess Lab PCC 0 0 3 1.5 

2 20BT2019 
Molecular Biology and Genetic 

Engineering  Lab 
PCC 0 0 3 1.5 

3 23BT2009 Molecular Diagnostics SBC 0 0 2 1 

4 
ITP2911/ 

MP2911/ 

Industry Internship-II/  Mini 

project-II/  
Project 0 0 4 2 

  Total     24 

SEMESTER VI (THIRD YEAR) 

Sl. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

THEORY 

1 22BT2073 
Cheminformatics and Medicinal 

Chemistry 
PCC 2 1 0 3 

2 24BT2015 
Principles of Plant Biotechnology 

and Applications 
PCC 3 0 0 3 

3 24BT2016 
Advances in Animal 

Biotechnology 
PCC 3 0 0 3 

4  Professional Elective-4 PEC 3 0 0 3 

5 24BT2017 
Good Manufacturing and 

Laboratory Practices 
PCC 3 0 0 3 

6  Open Elective-2 OEC 3 0 0 3 

PRACTICALS 

1 24BT2018 
Plant and Animal Tissue Culture 

Lab 
PCC 0 0 4 2 

2 22BT2097 Comprehensive Practices PCC 0 0 3 1.5 

  Total     21.5 

SEMESTER VII (FOURTH YEAR) 

Sl. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

THEORY 

1 24BT2019 Downstream Processing PCC 3 0 0 3 

2  Professional Elective-5 PEC 3 0 0 3 

3  Professional Elective-6 PEC 3 0 0 3 

4 24BT2020 Environmental Biotechnology PCC 3 0 0 3 

5 24BT2021 Concepts of Bioinformatics PCC 2 0 2 3 

6 24BT2022 Bioethics, IPR and Biosafety HSMC 3 0 0 3 

PRACTICALS 

1 24BT2023 Downstream Processing Lab PCC 0 0 3 1.5 

2 23BT2010 Quality Control and Management SBC 0 0 2 1 

  Total     20.5 
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SEMESTER VIII (FOURTH YEAR) 

Sl. 

No. 

Course 

Code 
Course Title Category 

Hours / Week Credits 

[L:T:P:C] L T P 

1 
24BT2999/ 

24BT2998 
Project Project 0 0 28 / 16 14 / 8 

  Total  0 0 28 / 16 14 / 8 

 

B Tech (Hons.) Biotechnology with Specialization in Drug Engineering 

COURSE STRUCTURE 

Sl. 

No 

Course 

Code 
Course Title 

Course 

Component 

No of 

Courses 

Credits 

for 

Course 

Total 

Credits 

1 

22BT2086 

 

22BT2087 

Molecular Pharmaceutics 

or 

Computer Aided Drug Design 

Professional 

Elective 

Courses 

1 3 3 

2 22BT2088 
Drug Formulation and 

Development Lab 

Laboratory 

Course 
1 2 2 

3 24BT2990 Project Project 1 6 6 

4   
MOOC 

Course 
  3 

5 

24BT2977, 

24BT2978/ 

24BT2979 

Industry Certification Course 
Certificate 

Course 
 

2 

2 

4 

4 

 

B Tech. (Hons.) Biotechnology with Specialization in Genome Engineering and Technology 

COURSE STRUCTURE 

Sl. 

No 

Course 

Code 
Course Title 

Course 

Component 

No of 

Courses 

Credits 

for 

Course 

Total 

Credits 

1 

22BT2089 

 

 

22BT2090 

Genome engineering in 

Livestock and Agriculture  

or 

Genome Editing for Therapy 

Professional 

Elective 

Courses 

1 3 3 

2 22BT2091 Genetic  Manipulation Lab 
Laboratory 

Course 
1 2 2 

3 24BT2990 Project Project 1 6 6 

4   
MOOC 

Course 
  3 

5 

24BT2977, 

24BT2978/ 

24BT2979 

Industry Certification Course 
Certificate 

Course 
 

2 

2 

4 

4 

B Tech. (Hons.) Biotechnology with Minor Specialization in Artificial Intelligence 

COURSE STRUCTURE 

Sl. 

No 

Course 

Code 
Course Title 

Course 

Component 

No of 

Courses 

Credits 

for 

Course 

Total 

Credits 

1 

23BT2001 

or 

 

23BT2002 

or 

 

23BT2003 

or 

 

Artificial Intelligence in Smart 

Agriculture. 

or 

Artificial Intelligence for 

Energy and Environment. 

or 

Artificail Intelligence in Drug 

Design and Clinical Studies. 

or 

Professional 

Elective 

Courses  

1 3 3 
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23BT2004 

or 

 

21CS2007 

 

Artificial Intelligence in 

Healthcare and Biosciences. 

or 

Artifical Intelligence 

Principles and Techniques. 

 

2 

22CS2001 

Or 

20RO2004 

Artificail Intelligence and 

Machine Learning Laboratory 

for Healthcare 

Or 

AI and ML Laboratory for 

Robotics 

Laboratory 

Course 
1 2 2 

3 24BT2990 Project Project 1 6 6 

4   MOOC   3 

5 

24BT2977, 

24BT2978/ 

24BT2979 

Industry Certification Course 
Certificate 

Course 
 

2 

2 

4 

4 

M. Tech. (Biotechnology) 2024 Batch 

PROGRAMME STRUCTURE 

Sl. No. Category Credits 

1 Professional Core Courses 22 

2 Professional  Elective Courses    15 

3 
Open Courses – Multidisciplinary Electives from other Technical and / or 

Emerging Courses 
3 

4 Industrial Training / Mini Project 2 

5 Project – Phase I & II 26 

6 Audit Courses 1 & 2 (non-credit) 

7 Online Courses  2* 

  Total Credits 70 

*The students shall earn 2 credits through online courses between 1st and 3rd semester (both inclusive) 

 

COURSE COMPONENTS 

Table 1 

PROFESSIONAL CORE COURSES 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24MA3002 Foundations of Mathematics and Statistics 3 0 0 3 

2 24BT3001 Advances in Biopolymer and Applications 3 0 0 3 

3 20BT3002 Genetic Engineering and Recombinant Products 3 0 0 3 

4 24BT3002 Bioprocess Modelling and Simulation 3 0 0 3 

5 20BT3004 Biochemical Analysis Lab 0 0 4 2 

6 20BT3005 Animal and Plant Tissue Culture Lab  0 0 4 2 

7 24BT3003 
Advanced Process Equipment Design and Drawing 

Lab 
0 0 4 2 

8 24BT3004 Genetic Engineering Lab 0 0 4 2 

9 18MS3104 Research Methodology and IPR 2 0 0 2 

  Total    22 

10 
ITP3901/ 

MP3951 
Industrial Training/ Mini Project 0 0 4 2 

11 24BT3998 Project – Phase I  0 0 20 10 

12 24BT3999 Project – Phase II 0 0 32 16 

  Grand Total    50 
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Table 2 

PROFESSIONAL ELECTIVE COURSES 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3005 Enzyme Technology and Industrial Applications 3 0 0 3 

2 24BT3006 Microbial Biotechnology 3 0 0 3 

3 24BT3007 Agriculture  and Food Biotechnology 3 0 0 3 

4 24BT3008 Big Data Analytics 3 0 0 3 

5 24BT3009 Bioethics and Biosafety 3 0 0 3 

6 20BT3013 Chemical Process Technology 3 0 0 3 

7 20BT3014 Immunotechnology 3 0 0 3 

8 24BT3010 Computational Biology 3 0 0 3 

9 20BT3016 Metabolic Regulation and Engineering 3 0 0 3 

10 20BT3017 Clinical Trials and Bioethics 3 0 0 3 

11 20BT3018 Sustainable Bioprocess Development 3 0 0 3 

12 20BT3019 
Advanced Animal Biotechnology and Tissue 

Culture 
3 0 0 3 

13 20BT3020 Molecular Diagnostics 3 0 0 3 

14 20BT3021 Drug Design and Discovery 3 0 0 3 

15 20BT3022 Introductory AI in Biotechnology 3 0 0 3 

16 20BT3023 Transport Phenomena 3 0 0 3 

17 24BT3011 Pharmaceutical Biotechnology 3 0 0 3 

18 20BT3025 Bioreactor Engineering 3 0 0 3 

19 24BT3012 Stem Cell Therapeutics 3 0 0 3 

20 24BT3013 Nanobiotechnology 3 0 0 3 

21 20BT3028 Advanced Plant Biotechnology 3 0 0 3 

22 20BT3029 Cancer Management Techniques 3 0 0 3 

23 20BT3030 Genomics and Proteomics 3 0 0 3 

24 24BT3014 Advanced Environmental Biotechnology 3 0 0 3 

25 20BT3032 Entrepreneurship and Management 3 0 0 3 

Table 3 

OPEN ELECTIVE COURSES 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 20BT3033 Industrial Waste Management 3 0 0 3 

2 20BT3034 Industrial Safety 3 0 0 3 

Table 4 

AUDIT COURSE (MANDATORY COURSES) – 2 COURSE 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 18VE3001 Value Education 2 0 0 0 

2 18EN3001 English for Research Paper Writing 2 0 0 0 

3 18MS3105 Constitution of India 2 0 0 0 

4 18CE3083 Disaster Management 2 0 0 0 

Table 5  

Online Course (2 credits) 

The students shall earn 2 credits through online courses between 1st and 3rd semester (both inclusive) 
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SEMESTER WISE CURRICULUM 

SEMESTER I 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24MA3002 Foundations of Mathematics and Statistics 3 0 0 3 

2 24BT3001 Advances in Biopolymer and Applications 3 0 0 3 

3  Elective I  3 0 0 3 

4  Elective II  3 0 0 3 

5 20BT3004 Biochemical Analysis Lab 0 0 4 2 

6 20BT3005 Animal and Plant Tissue Culture Lab  0 0 4 2 

7 18MS3104 Research Methodology and IPR 2 0 0 2 

8  Audit course 1  2 0 0 0 

  Total 16 0 8 18 

SEMESTER II 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 20BT3002 Genetic Engineering and Recombinant Products 3 0 0 3 

2 24BT3002 Bioprocess Modelling and Simulation 3 0 0 3 

3  Elective III  3 0 0 3 

4  Elective IV  3 0 0 3 

5 24BT3003 
Advanced Process Equipment Design and 

Drawing Lab 
0 0 4 2 

6 24BT3004 Genetic Engineering Lab 0 0 4 2 

7 
ITP3901/ 

MP3951 
Industrial Training/ Mini Project 0 0 4 2 

8  Audit course 2  2 0 0 0 

  Total 14 0 12 18 

SEMESTER III 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1  Elective V  3 0 0 3 

2  Open Elective  3 0 0 3 

3 24BT3998 Project – Phase I 0 0 20 10 

  Total 6 0 20 16 

SEMESTER IV 

Sl. 

No. 

Course 

Code 
Course Title 

Hours / Week 
Credits 

L T P 

1 24BT3999 Project – Phase II 0 0 32 16 

  Total 0 0 32 16 

 

LIST OF NEW COURSES 

Course Code Course Title L T P C 

24BT2001 Introductory Biotechnology 3 0 0 3 

24BT2002 Chemistry of Biomolecules Laboratory 0 0 2 1 

24BT2003 Analytical Techniques in Biotechnology 2 1 0 3 

24BT2004 Microbiology 3 0 0 3 

24BT2005 Basics of Industrial Biotechnology 3 0 0 3 

24BT2006 Microbiology Lab 0 0 3 1.5 

24BT2007 Bioanalytical Techniques Laboratory 0 0 3 1.5 

24BT2008 Bioprocess Principles 3 0 0 3 

24BT2009 Molecular Biology 3 0 0 3 

24BT2010 Immunology 3 0 0 3 

24BT2011 Genetic Engineering 3 0 0 3 

24BT2012 Bioprocess Engineering 3 0 0 3 
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24BT2013 Metabolic Engineering 3 0 0 3 

24BT2014 IoT in Biotechnology 2 1 0 3 

24BT2015 Principles of Plant Biotechnology and Applications   3 0 0 3 

24BT2016 Advances in Animal Biotechnology 3 0 0 3 

24BT2017 Good Manufacturing and Laboratory Practices 3 0 0 3 

24BT2018 Plant and Animal Tissue Culture Lab 0 0 4 2 

24BT2019 Downstream Processing 3 0 0 3 

24BT2020 Environmental Biotechnology 3 0 0 3 

24BT2021 Concepts of Bioinformatics 2 0 2 3 

24BT2022 Bioethics, IPR and Biosafety 3 0 0 3 

24BT2023 Downstream Processing Lab 0 0 3 1.5 

24BT2024 Stem Cell Technology 3 0 0 3 

24BT2025 Tissue Engineering 3 0 0 3 

24BT3001 Advances in Biopolymer and Applications 3 0 0 3 

24BT3002 Bioprocess Modelling and Simulation 3 0 0 3 

24BT3003 Advanced Process Equipment Design and Drawing Lab 0 0 4 2 

24BT3004 Genetic Engineering Lab 0 0 4 2 

24BT3005 Enzyme Technology and Industrial Applications 3 0 0 3 

24BT3006 Microbial Biotechnology 3 0 0 3 

24BT3007 Agriculture and Food Biotechnology 3 0 0 3 

24BT3008 Big Data Analytics 3 0 0 3 

24BT3009 Bioethics and Biosafety 3 0 0 3 

24BT3010 Computational Biology 3 0 0 3 

24BT3011 Pharmaceutical Biotechnology 3 0 0 3 

24BT3012 Stem Cell Therapeutics 3 0 0 3 

24BT3013 Nanobiotechnology 3 0 0 3 

24BT3014 Advanced Environmental Biotechnology 3 0 0 3 
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Course Code 
Introductory Biotechnology 

L T P C 

24BT2001 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Demonstrate biological concepts from an engineering perspective 

2. Analyse the inter-connection between biology and future technologies 

3. Apply technology in biological and life science challenges 

Course Outcomes: 

The Students will be able to: 

1. Demonstrate complexities in Life and Life forms. 1.  

2. Assess the importance of Human health to disease and Comorbidities. 2.  

3. Analyse biomolecules and enzymes in biological processes. 3.  

4. Evaluate the Significance of entrepreneurship and industry. 4.  

5. Design a sustainable idea that is a trend for drug resistance. 5.  

6. Apply ethics and honors for research in Biology. 6.  
 

Module: 1 Role of Biology in Life, Life forms and Evolution 8 Hours 

Evolution, Origin of Universe, Origin of Life, Evolution of Life Forms, Evidences of Evolution, 

Adaptive Radiation, Theories of Evolution, Biological Evolution, Hardy–Weinberg Principle, A 

Brief Account of Evolution. History of Biology in 20 Objects. Bio Inspired Inventions - Role of 

Biology in Next Generation Technology Development – Cell Structure – Cell Potential – Action 

Potential – Common signals-ECG monitoring and heart related issues – Sodium Potassium channels 

– Neuron function – Central Nervous Systems – Case Study –Neanderthals to Homo-Sapiens, 

Discussion on: Evolution of Artificial Neural Networks, Machine Learning techniques. 

Module: 2 Health and Biodesigns 8 Hours 

Lungs as purification system (architecture, gas exchange mechanisms, abnormal lung physiology - 

COPD, Ventilators, Heart-lung machine).Kidney as a filtration system (architecture, mechanism of 

filtration, CKD, dialysis systems). Muscular and Skeletal Systems as scaffolds (architecture, 

mechanisms, bioengineering solutions for muscular dystrophy and osteoporosis). Stress - Symptoms, 

Types, Causes and Treatment. Depression – Symptoms, Types, Causes and Treatment. Alcohol 

Abuse and Drug Abuse - Symptoms, Types, Causes and Treatment. Case Study – Substance Abuse 

and Social Responsibility. 

Module: 3 Applications of Biomolecules 8 Hours 

Carbohydrates (cellulose-based water filters, PHA and PLA as bioplastics), Nucleic acids (DNA 

Vaccine for Rabies and RNA vaccines for Covid19, Forensics – DNA fingerprinting), Proteins 

(Proteins as food – whey protein and meat analogs, Plant based proteins), Lipids (biodiesel, cleaning 

agents/detergents), Enzymes (glucose-oxidase in biosensors, lignolytic enzyme in bio-bleaching).  

Module: 4 Biomimiced Materials 7 Hours 

Echolocation (ultrasonography, sonars), Photosynthesis (photovoltaic cells, bionic leaf). Bird flying 

(GPS and aircrafts), Lotus leaf effect (Super hydrophobic and self-cleaning surfaces), Plant burrs 

(Velcro), Shark skin (Friction reducing swim suits), Kingfisher beak (Bullet train). 

Module: 5 Trends in Genetics and Drug Resistance 7 Hours 

Genetics - Mendelian Law, Molecular Basis of Inheritance, Concept of Genetic Mapping, Genetic 

Engineering and Biotechnology, Concepts of Horizontal Gene Transfer, Pharmacogenomics 

(Genetic variation in Individuals drug resistance) and Adaptive therapy (Cancer), Human Cloning. 

Human Genome Project. 

Module: 6 Trends in Biotechnology and Bioengineering 7 Hours 

Bioprinting techniques and materials, 3D printing of ear, bone and skin. 3D printed foods. Electrical 

tongue and electrical nose in food science, DNA origami and Biocomputing, Bioimaging and 

Artificial Intelligence for disease diagnosis. Selfhealing Bioconcrete (based on bacillus spores, 
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calcium lactate nutrients and biomineralization processes) and Bioremediation and Biomining via 

microbial surface adsorption (removal of heavy metals like Lead, Cadmium, Mercury, Arsenic).  

Total Lectures 45 Hours 

Text Books 

1 Suraish Kumar G. K. (2019), Biology for Engineers. Oxford University Press. 

2 Fox S. & Krista R. (2022), Human Physiology. McGraw-Hill. 

Reference Books 

1 
Stanbury P F., Stephen J. H. & Whitaker. A. (2005), Principles of Fermentation Technology. 2nd 

edition, Butterworth-Heinemann (an Imprint of Elsevier India Pvt. Ltd). 

2 
Guyton A. C. (2006). A Textbook of Human Physiology. 11th edition, Elsevier Saunders 

(International Edition). 

3 
Raven, P., Johnson, G., Mason, K., Losos, J. & Singer, S. (2013). Biology. 10th edition, McGraw 

Hill. 

4 
Floreano, D., & Mattiussi, C. (2008). Bio-inspired artificial intelligence: theories, methods, and 

technologies. MIT press. 

5 
Rodriguez Mendez, M., & Preedy, V. (2016). Electronic noses and tongues in food science. 

Academic Press. 

Recommended by Board of Studies  03.04.2024 

Approved by Academic Council  11.05.2024 

 

 

Course Code 
Chemistry of Biomolecules Laboratory 

L T P C 

24BT2002 0 0 2 1 

Course Objectives: 

Enable the students to: 

1. Implement the basic units and measurements for biochemical solutions, 

2. Analyse the biochemicals in any given sample after suitable extraction.  

3. Demonstrate the skills of quantifying the various biomolecules 

Course Outcomes: 

The students will be able to: 

1. Implement the concept, applications of tests, titrations and estimations of biomolecules 1.  

2. Demonstrate the lab skill in preparing different solutions of different concentrations 2.  

3. Design the principles in estimation of bio molecules 3.  

4. Analyse the various tests and identify the different carbohydrates, amino acids and lipids. 4.  

5. Perform suitable extraction methods for the estimation of different biomolecules 5.  

6. Carryout the experiments to find the level of biomolecules in different food materials 6.  
 

List of Experiments 

1. Study of biochemical solutions, buffers, units and measurements 

2. Qualitative analysis of carbohydrates 

3. Tests for lipids: - Fats and cholesterol 

4. Qualitative analysis of amino acids 

5. Dry ashing of food materials and colorimetric estimation of phosphorus 

6. Estimation of ascorbic acid content in foods 

7. Analysis of nucleic acid by spectrophotometer  

8. Estimation of beta carotene in carrot 

Text Books  

1 
Delong R. K., & Zhou Q. (2015). Introductory experiments on biomolecules and their 

interactions. 1st Edition, Academic Press. 

2 Sadasivam, S. & Manickam (2022). Biochemical methods. New age international. 

Reference Books 

1 
Sengar R.S. & Chudhary R., (2015). Laboratory Manual of Biochemistry: Methods and 

Techniques, New India Publishing Agency – NIPA 

2 Shanmugam, (2020). Laboratory Handbook on biochemistry, 2nd edition, PHI Learning. 
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3 
Sawhney S. K. & Singh, R. (2006). Introductory practical Biochemistry. Narosa 

publishers,  

4 Bhutani, S. P. (2019). Chemistry of biomolecules. CRC Press. 

5 
Verma, C., & Verma, D. K. (Eds.). (2023). Handbook of Biomolecules: Fundamentals, 

Properties and Applications. Elsevier. 

Recommended by Board of Studies   03.04.2024 
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Course Code 
Analytical Techniques in Biotechnology 

L T P C 

24BT2003 2 1 0 3 

Course Objectives: 

Enable the students to: 

1. Assess the analytical techniques employed in biotechnology 

2. Demonstrate suitable instrumentation in characterization of various biomolecules 

3. Apply suitable technologies in research projects 

Course Outcomes 

The students will be able to: 

1. Demonstrate the concepts of calibration and validation of bioanalytical instruments  

2. Illustrate the techniques for extraction and separation of biomolecules 

3. Analyse the different techniques of purification of metabolites 

4. Evaluate the different techniques of qualitative and quantitative analysis of primary 

metabolites 

5. Analyse the techniques of detection, imaging and structural elucidation of biomolecules and 

isotopes 

6. Evaluate the various analytical techniques used in drug development 
 

Module: 1 Basics of Analytical & Extraction Techniques  7 Hours 

Classification of instrumental methods; Concepts of accuracy, precision and limits of detection 

(LOD); Types of errors–random and systematic; Calibration of instrumental methods,  certified 

reference standards, Buffers, pH – pH meter and applications, Extraction techniques – Soxhlet 

extraction and Rotary vacuum evaporator 

  

Module: 2 Spectroscopy & Microscopy Techniques 7 Hours 

Spectroscopy – Principles, Beer-Lambert’s law, Principle, Instrumentation and applications of 

Colorimeter, Flame photometer, Flurimetry and  UV – visible & NIR spectroscopy, Raman 

spectroscopy, Atomic Absorption Spectroscopy. Electron Microscopy – Scanning Electron, 

Transmission Electron, Confocal microscopy 

  

Module: 3 Centrifugation and Chromatography  7 Hours 

Principle of centrifugation- rotors and its types, Refrigerated centrifuge, Ultra centrifugation, 

Differential, zonal and isopycnic centrifugation methods. Chromatography – HPTLC -  Normal & 

Reversed Phase chromatography, Column Chromatography – (silica gel, Ion exchange, affinity, gel 

permeation chromatography), Principle and quantification using HPLC, Column chemistry, 

Chromatogram analysis. Gas chromatography - principle and instrumentation. 

  

Module: 4 Electrophoresis and PCR Techniques  8 Hours 

Electrophoresis – Agarose gel, Polyacrylamide Gel (PAGE), Isoelectric focusing – principle and 

applications. Gel analysis & Molecular Quantification, Nanodrop, Thermalcycler – principle, types 

- Gradient, Reverse Transcription and Real Time PCR. 

  

Module: 5 Structural Elucidation and Radio Labelling  8 Hours 
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Principle, instrumentation and applications of Mass spectrometry, nuclear magnetic resonance 

(NMR) Thermo gravimetric analysis (TGA). Radioisotopes, GM counter, Scintillation counter, 

Introduction to blotting techniques - DNA labeling, carbon labeling. 

  

Module: 6 Imaging 8 Hours 

3-D bioprinting techniques, cell, plant and animal imaging, image analysis, generation of heat maps. 

Total Lectures 45 Hours 

Text Books 

1 
Willard, H. H. & Merrit, L. L. (2002). Instrumental Methods and Analysis. 6th Edition, CBS 

Publishers & Distributors. 

2 
Douglas, A. S., Holler, & Stanley. R. C. (2007). Instrumental Analysis. 6th Edition. Brooks Cole 

Publishing Company. USA. 

Reference Books 

1 
Gallen, W. E. (2013). Instrumental Methods of Chemical Analysis. 5th Edition. McGraw Hill 

Education (India) Private Limited. 

2 
Gurdeep, R. C. & Sham, K. A. (2012). Instrumental Methods of Chemical Analysis. 5th Edition. 

Himalaya Publishing House, India. 

3 
Sharma, B.K. (2014). Instrumental Methods of Chemical Analysis. 24th revised and enlarged 

edition. Goel Publishing House, India. 

4 
Wilson, K. & Walker J. (2010). Principles and Techniques of Practical Biochemistry and 

Molecular Biology. 7th Edition. Cambridge University Press, U.K. 

5 
Upadhyay, A., Upadhyay, K. & Nirmalendu, N. (2014). Biophysical Chemistry: Principles and 

Techniques. Himalaya Publishing House Pvt. Ltd. India. 

Recommended by Board of Studies   03.04.2024 
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Course Code 
Microbiology 

L T P C 

24BT2004 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Illustrate the functions and characteristics of microorganisms. 

2. Examine the growth of microorganisms and their effects on public health and the 

environment. 

3. Evaluate the role of physical and chemical agents in controlling microorganisms. 

Course Outcomes: 

The students will be able to: 

1. Demonstrate the significance of microscopy and staining techniques in the identification 

and classification of microorganisms. 

2. Apply appropriate physical and chemical methods to control microbial growth in the 

healthcare industry. 

3. Analyse the specific nutrients required for the effective growth of microorganisms and the 

products they produce. 

4. Apply appropriate methods for estimating the growth of microorganisms. 

5. Analyse the interactions between microorganisms and humans or animals to develop 

effective strategies for controlling pathogenic microorganisms. 

6.  Evaluate the potential of microorganisms in the production of agriculturally important 

products 

Module: 1 History and Classification  8 Hours 

Historical perspectives of microbiology, Classification-systemic and numerical classification, 16Sr 

RNA classification, Microscopy – light, phase, fluorescent and electron microscopy (SEM and 

TEM), Confocal Laser Scanning Microscopy (CLSM)- principles of different staining techniques – 

Gram staining, acid fast, capsular staining and spore staining. 
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Module: 2 Microbial Structure and Multiplication  7 Hours 

Cell Morphology and Structure of Prokaryotes-bacterial cell wall, Multiplication of bacteria, Life 

cycles- viruses (bacteriophage), algae (Chamydomonas), protozoa (Plasmodicum vivax), fungi 

(Rhizopus stolonifer), yeast (Neurospora crassa) and actinomycetes, Lichen symbiosis 

  

Module: 3 Microbial Nutrition, Growth and Control 5 Hours 

Nutritional requirements of microorganisms, factors affecting the growth of microorganisms, 

Bacterial Growth- Growth curve pattern, measuring the bacterial growth, Growth kinetics, 

mathematical nature and expression of growth,  asynchronous and synchronous cultures, diauxic 

growth 

  

Module: 4 Control of Microbial Growth 8 Hours 

Physical methods of microbial control – heat, low temperature, high pressure, filtration, desiccation, 

osmotic pressure, radiation and Chemical methods of microbial control – disinfectants, types and 

mode of action, Antibacterial agents- Five modes of action with one example each: Inhibitor of 

nucleic acid synthesis; Inhibitor of cell wall synthesis; Inhibitor of cell membrane function; Inhibitor 

of protein synthesis; Inhibitor of metabolism, Anti-fungal agents- Mechanism of action of 

Amphotericin B, Griseofulvin and Anti-viral agents- Mechanism of action of Amantadine, 

Acyclovir, Azidothymidine, Antibiotic resistance- Multi Drug Resistance 

  

Module: 5 Medical Microbiology  10 Hours 

Normal flora of human healthy host, Common diseases caused by microbes (Symptoms, mode of 

transmission, prophylaxis and control): Bacterial diseases- Skin Infections: Staphylococcus aureus, 

Gastrointestinal Diseases: Escherichia coli, Vibrio 20terili, Respiratory Diseases-Mycobacterium 

tuberculosis, others: Yersinia pestis, Treponema pallidum; Viral diseases: Hepatitis, AIDS, Rabies, 

H1N1, Ebola and Covid-19; Protozoan diseases: Malaria, Common types of fungal infections 

(Opportunistic mycoses)-Candidiasis. 

  

Module: 6 Soil, Environmental and Food Microbiology  7 Hours 

Soil microflora and biogeochemical cycles- Carbon cycle, Nitrogen cycle, Bio fertilizers: Rhizobium 

and Mycorrhizae, Air borne microorganisms (bacteria, Viruses, fungi), Microbiological analysis of 

potable water-MPN, Significance of microbes in food- Probiotics, fermented products-sauerkraut, 

cheese. 

Total Lectures 45 Hours 

Text Books 

1 
Pelczar Jr, M. J., Chan, E. C. N., & Krieg, N. R. (2005). Microbiology, 6th Edition, Tata 

McGraw-Hill. 

2 
Ananthanarayan, R. & Paniker C. K. J. (2015). Ananthanarayan and Paniker's textbook of 

microbiology. Orient Blackswan. 

Reference Books 

1 
Talaron, K., Talaron, A., Casida, Pelczar & Reid. (2001). Foundations in Microbiology, 

W.C.Brown Publishers.  

2 
Prescott, L. M., Harley, J. P. & Klein, D. A. (2001). Microbiology, 3rd Edition, Wm. C. Brown 

Publishers. 

3 Lim, D. (2001). Microbiology, 2nd Edition, WCB-Mc Graw Hill. 

4 
Tortora, G. J., Funke, B R. & Case, C. L. (2021). Microbiology: An Introduction, 13th Edition. 

Pearson, U.K 

5 
Madigan, M. T., Martinko, J. M., Bender, K. S., Buckley, D H., Stahl, D. A. & Brock, T. 

(2021). Brock Biology of Microorganisms, 14th Edition. Pearson, U.K. 

Recommended by Board of Studies   03.04.2024 
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Course Code Basics of Industrial Biotechnology L T P C 
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24BT2005 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Assess different kinds of microorganisms for industrial biotechnology. 

2. Analyse various production strategies of bio products at industrial scale.  

3. Apply various downstream techniques in purification of bio products in large scale 

production. 

Course Outcomes: 

The students will be able to: 

1. Illustrate the use of microbes for developing industrial products and processes. 

2. Apply the techniques for genetic improvement of micro-organisms to improve yield of 

bioproducts. 

3. Analyse the technical issues related with microorganisms in the production of bio products. 

4. Formulate industrial-market value of these bio products and relate them with the scope of 

biotechnology 

5. Distinguish the clinical and biological significance of these bio products for sustainable 

bioprocess engineering 

6. Assess the difference in manufacturing commercial bio products and all the ethical issues 

involved in it. 

Module: 1 Introduction to Industrial Bioprocess  9 Hours 

Milestones in Biotechnology and Challenges of Biotechnology: Fermentation and Types of 

Bioreactors (AILR, AELR, FBR, UASB), A brief survey of organisms, processes, products, media- 

design of experiment. Basic concepts of upstream and downstream processing, process flow sheeting 

of industrial strains – C. Acetobutylicum , C. beijerinckii 

  

Module: 2  Production of Primary Metabolites  9 Hours 

Primary metabolites; Industrial production of commercially important organic acids, amino acids – 

Alanine , Tryptophan, alcohols – Ethanol , Butanol and Vitamins – Vitamin B6, Vitamin-B12 

  

Module: 3  Production of Secondary Metabolites 9 Hours 

The production of secondary metabolites of high commercial value like antibiotics – Bacitracin, 

Erythromycin, steroids and testosterone 

  

Module: 4 Production of Enzymes and other Products  9 Hours 

Production of industrial enzymes such as Amylase, invertase, yoghurt, bio preservatives (Nisin), 

biopolymers (xanthan gum, PHB), bio-flavours and bio-pigments-luciferin, carotene, antioxidant – 

glutathione. 

  

Module: 5 Production of Modern Biotechnological Products  5 Hours 

Production of recombinant fine bio products antibodies and vaccines. Products from plant cells – 

Taxol, Products from animal cells – Monocloal antibodies. Vaccines – Polio Vaccine. 

  

Module: 6 Production of Target Specific Fine Bioproducts 4 Hours 

Production of Single Cell Proteins; Bio-fertilizers, Plant Products of Industrial Importance-Synthetic 

Seeds, Arbutin. Animal Products of Industrial importance-Gelatin, spray dried yolk powder. 

Bioremediation and Bioenergy-fuel from biomass, biogas, bio-refineries, Microbial Enhanced Oil 

Recovery (MEOR). 

Total Lectures 45 Hours 

Text Books 

1 
Reed, G. (2004). Prescott and Dunns " Industrial Microbiology", 4th Edition, CBS Publishers and 

Distributors , ISBN 10 : 8123910010 , ISBN 13 : 978-8123910017 

2 Patel, A. H. (2011). Industrial Microbiology, 2nd Edition, Trinity Press. 

Reference Books 

1 
Heinzle, E., Biwer, A. P., & Cooney, C. L. (2007). Development of sustainable bioprocesses: 

modeling and assessment. John Wiley & Sons. 
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2 Perry, J. H. (2018). Chemical engineers' handbook, 9th Edition, McGraw Hill. 

3 
Glazer, A. N., Nikaido, H. (2007). Microbial Biotechnology: Fundamentals of Applied 

Microbiology, 2nd Edition, Cambridge University Press,. 

4 Kushwaha, P. (2015). Handbook of Pharmaceutical Technology, Jaypee Digital. 

5 
Stanbury, P.F., Whitaker, A. & Hall, S.J. (2017). Principles of Fermentation Technology, 

Butterworth-Heinemann.  

Recommended by Board of Studies   03.04.2024 
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Course Code 
Microbiology Lab 

L T P C 

24BT2006 0 0 3 1.5 

Course Objectives: 

Enable the students to: 

1. Apply the principles of isolating and identifying microorganisms. 

2. Demonstrate the techniques for microbial growth analysis and antibiotic sensitivity testing 

3. Perform various sterilization and microbial culture techniques. 

Course Outcomes: 

The students will be able to: 

1. Adapt the fundamental principles of microbiological lab safety guidelines to enhance the 

safety of laboratory personnel. 

1. Adapt the basic principles of microbiological lab safety guidelines to ensure the 

safety of laboratory personnel. 

2. Demonstrate the procedures for media preparation and apply appropriate sterilization 

techniques for cultivating microorganisms. 

2. Demonstrate media preparation and sterilization technique for cultivation of 

axenic microorganisms. 

3. Perform suitable microbiological techniques to analyse the morphological characteristics of 

microorganisms. 

3. Perform microbiological techniques to study the morphological characteristics 

of microorganisms. 

4. Perform suitable microbiological methods to quantitatively assess bacterial growth. 4. Perform suitable methods to quantify the growth of bacteria. 

5. Carry out appropriate microbiological assays to evaluate the efficiency of antimicrobial 

agents 

5. Carry out suitable assay to evaluate the efficiency of suitable antimicrobial 

agents 

6. Implement various biochemical tests to differentiate between gram-positive and gram-

negative bacteria. 

6. Execute different biochemical tests to compare gram positive and gram-

negative bacteria 
 

 List of Experiments 

1. Lab safety method and Regulations, Sterilization techniques- Autoclave, Hot air 

oven, Filter sterilization.  

2. Preparation of different culture media: Complex media-nutrient agar, MacConkey 

agar, Eosin Methylene Blue agar. 

3. Isolation of pure cultures of bacteria by streaking method. 

4. Staining Techniques -Simple, Gram staining and negative staining. 

5. Fungal identification by Lactophenol Cotton Blue (LPCB) staining.  

6. Motility test by Hanging drop method  

7. Antibiotic sensitivity assay – Disk and Well diffusion method.  

8. Estimation of Colony Forming Unit (CFU) count by spread plate method/pour plate 

method. 

9. Biochemical tests -Gram negative –Indole test, Methyl red test, Voges Proskauer 

test, Citrate test, Triple sugar iron agar test. 

10. Biochemical tests -Gram positive – Catalase test, Starch hydrolysis test.  

11. Measurement of bacterial growth - growth curve.  
12. Assessment of microbiological quality of water-Most Probable Number (MPN). 

Total Lectures 45 Hours 

Text Books 

1 
Willey, J., Sandman, K. & Wood, D. (2021). Prescott's Microbiology, 12th Edition, McGraw-

Hill.  
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2 
Das, S. & Dash, H. R. (2019). Microbial Biotechnology- A Laboratory Manual for Bacterial 

Systems, Springer. 

Reference Books 

1 
Cappuccino, J. G. & Welsh, C. T. (2017). Microbiology: A Laboratory Manual, 11th Edition, 

Pearson. 

2 
Jain, A., Agarwal, J. & Venkatesh, V. (2018). Microbiology Practical Manual, 1st Edition, 

Elsevier,  

3 
Leboffe, M. J. (2023). Microbiology – Laboratory Theory and Application, 4th Edition, Morton, 

U.S. 

4 
Burdass, D., Grainger, J. & Hurst, J. (2016). Basic Practical Microbiology- A manual, The 

Microbiology Society, United Kingdom. 

5 Dubey, R. C. & Maheshwari, D. K. (2010). Practical Microbiology, S Chand Publishing.  

Recommended by Board of Studies  03.04.2024  
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Course Code 
Bioanalytical Techniques Laboratory 

L T P C 

24BT2007 0 0 3 1.5 

Course Objectives: 

Enable the students to: 

1. Assess the working principle and applications of different equipment’s in biotechnology. 

2. Analyse the metabolites quantitatively and qualitatively.  

3. Evaluate different techniques and methods in biotechnology. 

Course Outcomes: 

The students will be able to: 

1. Calibrate basic measurement methods and its applications in biotechnology 

2. Demonstrate the application of different spectroscopic techniques in drug discovery 

3. Execute the process of separation of metabolites through chromatography techniques 

4. Demonstrate the techniques of purification of secondary metabolites through column 

chromatography 

5. Formulate the qualitative and quantitative analysis of different samples  

6. Examine the applications of bioanalytical techniques 

List of Experiments: 

1. Verification of Beers Law and Construction of Beers Law plot 

2. Preparation of buffer solution with Henderson-Hasselbach equation and its verification 

with pH meter 

3. Determination of Titration curves of Acetic acid and Citric Acid using pH meter 

4. Determination of turbidity of waste water by nephelometry 

5. Soxhlet extraction of secondary metabolite from plant sample and determination of its Rf 

value using TLC. 

6. Determination of analytical wavelength of secondary metabolite using spectrophotometer 

7. Separation of secondary metabolites using Silica gel column chromatography and 

quantification of active metabolite using spectrophotometer. 

8. Extraction of proteins from plant/microbial samples 

9. Conductivity measures in titration 

10. Removal of metal ions from waste water using adsorption column chromatography 

11. Preparation of plant/microbial extract for GC metabolite profiling 

12. Separation of proteins using Ion exchange column chromatography/HPLC 

Text Books 

1 
Mahesh, E., Sajeev C. & Sridhar, N. (2003). Laboratory manual on Instrumental Methods of 

Analysis, 4th Edition, EDD Notes. 

2 
Skoog, D. A., Holler, F. J. & Crough, S. R. (2007). Instrumental Analysis. 6th Edition. Brooks 

Cole Publishing Company. USA. 

Reference Books 
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1 
Ewing, G. W. (2013). Instrumental Methods of Chemical Analysis. 5th Edition. McGraw Hill 

Education (India) Private Limited. 

2 
Chatwal, G. R. & Anand, S. K. (2012). Instrumental Methods of Chemical Analysis, 5th Edition. 

Himalaya Publishing House, India. 

3 
Sharma, B. K. (2014). Instrumental Methods of Chemical Analysis. 24th revised and enlarged 

edition. GOEL Publishing House, India. 

4 
Wilson, K. & Walker J. (2010). Principles and Techniques of Practical Biochemistry and 

Molecular Biology. 7th Edition. Cambridge University Press, U.K. 

5 
Upadhyay, A., Upadhyay, K. & Nath, N. (2014). Biophysical Chemistry: Principles and 

Techniques. Himalaya Publishing House Pvt. Ltd. India. 
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Course Code 
Bioprocess Principles 

L T P C 

24BT2008 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Demonstrate the principles of bioprocessing and its applications  

2. Illustrate the importance of medium formulations and optimization. 

3. Evaluate facts on sterilization kinetics 

Course Outcomes: 

The students will be able to: 

1. Assess the requirements of the fermentation process. 

2. Demonstrate media formulation and optimization strategies for fermentation. 

3. Analyse the kinetics of the sterilization process for maintaining medium-quality 

4. Illustrate the steps in isolation of industrially important microbes and their preservation.  

5. Analyse various parameters that influence the fermentation. 

6. Evaluate the efficiency of the sterilization process by filtration 

Module: 1 Overview of Fermentation Process 6 Hours 

Overview of fermentation industry, Chronological development in the fermentation industry, general 

requirements of fermentation processes, basic configuration of fermenter and ancillaries, Overview 

of fermentation process, aseptic condition and containment - Risk assessment, classification of 

process organisms, Sampling- simple and alternative sampling unit. 

Module: 2 
Monitoring and Controlling of Fermentation 

Process Parameters  
6 Hours 

Basic configuration of fermenter and ancillaries, main parameters to be monitored and controlled in 

Fermentation processes- Temperature, pressure, flow measurement, rate of stirring, shaft power, 

weight, Dissolved Oxygen- polarographic electrode, galvanic electrode and flurimetric sensor. pH, 

inlet and exit gas analysis.  

Module: 3 Medium Formulation and Optimization 12 Hours 

Criteria for good medium, medium requirements for fermentation processes, carbon, nitrogen, 

minerals, vitamins and other complex nutrients, Non-nutritional media supplements and metabolic 

regulators, oxygen requirements- fast metabolism, rheology and antifoams, medium formulation for 

optimal growth and product formation, examples of simple and complex media, design of various 

commercial media for industrial fermentations, medium optimization  

Module: 4 Sterilization Kinetics 9 Hours 

Thermal death kinetics of microorganisms, Death kinetics problems, Design of sterilization time- 

batch and continuous heat sterilization of liquid media and problems design of sterilization equipment 

- batch and continuous. 

Module: 5 Filter Sterilization of Air and Media 6 Hours 

Filter sterilization of liquid media, air sterilization and design of depth filters and problems 

Module: 6 
Selection of Seed Culture for Industrial 

Fermentation 
6 Hours 
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Screening and selection of industrially important microbes- primary screening- Crowded plate 

technique, Auxonography, enrichment culture and indicator dye, screening based on desired 

characteristics, preservation and storage of industrially important microbes, Quality control of 

preserved stock cultures, Inoculum development for Industrial fermentation process. 

Total Lectures 45 Hours 

Text Books 

1 
Stanbury, P.F., Whitaker, A. & Hall, S.J. (2017). Principles of Fermentation Technology, 

Butterworth-Heinemann. 

2 
Shuler, M.L. & Kargi, F. (2005). Bioprocess Engineering - Basic concepts, 2nd Edition, 

Prentice Hall of India Pvt. Ltd. 

Reference Books 

1 Lee, J.M. (2012). Biochemical Engineering, 1st Edition, Prentice Hall. 

2 Blanch, H.W. & Clark, D.S. (2007). Biochemical engineering, Marcel Dekker. 

3 
Mccabe,W. L., Smith,J.C., & Harriott, P. (2004). Unit Operations of Chemical 

Engineering, 6thEdition, McGraw Hill, NewYork. 

4 
Geankoplis, C.  J. (2003). Transport Processes  and  Separation  Process  Principles   

(Includes   Unit Operations), 4th Edition, Prentice Hall of India, New Delhi.  

5 
Snape, J. B., Dunn, I. J., Ingham, J., & Přenosil, J. E. (2008). Dynamics of environmental 

bioprocesses: modelling and simulation. John Wiley & Sons. 
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Course Code 
Molecular Biology 

L T P C 

24BT2009 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply the basics of molecular biology and gene expression. 

2. Assess DNA damage and repair systems 

3. Analyse regulation of gene expression  

Course Outcomes: 

The students will be able to: 

1. Analyse the fundamental concepts of the prokaryotic and eukaryotic genome organization, 

its replication. 

2. Develop the knowledge about the structure and organization of Prokaryotic and Eukaryotic 

genome. 

3. Illustrate the mechanism of replication, transcription and translation in Prokaryotes and 

Eukaryotes. 

4. Analyse the types of mutations, repair mechanisms, inhibitors involved in gene expression 

5. Evaluate the key features of promoters, enhancers and various transcription factors in gene 

expression system 

6. Distinguish post transcriptional and translational modifications in Prokaryotes and 

Eukaryotes 

Module: 1 Genome Organization  8 Hours 

Classical experiments to prove genetic material: Griffith, Hershey and chase; Avery McLeod & 

McCarty. Genome organization in prokaryotes and eukaryotes – DNA supercoiling, Molecular 

structure of DNA and RNA; Forms of DNA: A,  B, Z, H and Cruciform DNA, Types of RNA; 

Bacterial Recombination: Transformation, Transduction –types and Conjugation. 

  

Module: 2 DNA Replication – Prokaryotes  9 Hours 

DNA replication- Semi conservative replication - Meselson Stahl experiment,  Enzymes in 

replication,  Replication in prokaryotes-E.coli by theta (ɵ) mode, D-loop and rolling circle mode of 

replications, regulation of replication, replication in virus - linear viral DNA replication, RNA 

replicase, Reverse transcriptase, Inhibitors of prokaryotic replication. 

  



  

BIOTECHNOLOGY 26 

 

Module: 3 DNA Replication – Eukaryotes and Mutations  5 Hours 

Replication in eukaryotes and telomere replication. Inhibitors of eukaryotic replication. Mutation: 

types, DNA repair systems - methylation, mismatch repair-Base excision repair (BER), Nucleotide 

excision repair(NER), Photo reactivation repair, SOS repair, Homologous and non-homologous 

recombination repair. 

Module: 4 Transcription 9 Hours 

RNA polymerase, features of promoters and enhancers, transcription factors, Prokaryotic and 

eukaryotic transcription, post-transcriptional modification - RNA splicing and RNA editing, 

Inhibitors 

Module: 5 Genetic Code and Translation  7 Hours 

Elucidation of genetic code - salient features, Process of translation in prokaryotes and eukaryotes, 

Post-translational modifications, Inhibitors. 

Module: 6 Regulation of Gene Expression  7 Hours 

Regulation of gene expression: In prokaryotes - lac and trp operons. Regulation in eukaryotes – cis 

and trans elements, chromatin re-organization in gene regulation, Regulation at transcription and 

Translation 

Review on loss of regulation and defect in DNA repair system leading to genetic disorders and 

diseases. 

Total Lectures 45 Hours 

Text Books 

1 Friefelder, D. (2003). Molecular Biology, 6th Ed., Narosa Publ. House,. 

2 
Lehninger, A. L., Nelson. D. L. & Cox, M. M. (2005). Principles of Biochemistry, 4th Edition, 

Freeman Publishers, New York. 

Reference Books 

1 
Hyde, D. R. (2010). Genetic and Molecular Biology, 4th Edition, Tata McGraw Publications, 

New Delhi. 

2 Brown, T. A. (2006). Genomes, 3rd edition, Garland Science Publishing. 

3 
Marks, A. R. & Neill, U. S. (2008). Textbook of Molecular medicine, Ist Ed., Jones and 

Bartlett Publishers. 

4 
Treat, R. J. (2012). Molcular Medicine: Genomics to personalized Health Care, 4th ed., 

Wiley Publishers. 

5 
Clark, D. P. Pazdernik, N. J. & McGehee, M. R. (2019). Cell Molecular Biology, 3rd Ed., 

Elseivier Publishers. 

Recommended by Board of Studies   03.04.2024 
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Course 

Code Immunology 
L T P C 

24BT2010 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Analyse the types of immunity and organs of immune system  

2. Assess the mechanism of immune response and its molecular interactions. 

3. Analyse the methods involved in immunodiagnostics and immunotherapy. 

Course Outcomes: 

The students will be able to:  

1. Assess the role of genetic code, chromatin, operons and cis/trans elements in gene 

regulation 

2. Demonstrate the basic plan of the immune of the immune system and the organs of 

the immune system. 

3. Identify the cells of the immune system and their functions. 

4. Analyse the functioning of the innate and adaptive immune system 
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5. Compare the physiology and the pathology of the immune system 

6. Examine the applications of immunology in diagnosis and treatment of diseases. 

Module: 1 Immunology 7 Hours 

Introduction and an overview of immunology, History of immunology, Types of Immunity 

- Innate and acquired immunity, Cell mediated and humoral immunity; Organs of the 

immune system: Lymphoid organs - primary and secondary, Positive selection and negative 

selection of T cells. 

  

Module: 2 Cells of Immune System 9 Hours 

Granulocytes and Agranulocytes, T and B Lymphocytes, NK cells, macrophage and 

dendritic cells their structure, characteristics, function and their identification. 

Haematopoiesis, extravasation, phagocytosis. 

  

Module: 3 Humoral System 7 Hours 

Molecular nature and function of; Antigens, Properties of Antigens, Antigenic determinants:  

epitopes, Paratopes, haptens- Carrier Conjugates Antigenecity; Adjuvants. Antibody – 

structure, Classes, Antibody diversity. Antigen Antibody reactions- Precepitation, 

agglutination, complement Fixation, Immunofluorescence, Neutralization, Opsonization and 

Complement system: Classical, Alternate and Lectin Pathway. 

  

Module: 4 
Adaptive Immunity - Recognition, Responses & 

Regulation  
7 Hours 

Major histocompatibility complex: Class I and Class II, Immune responsiveness to MHC, 

antigen processing and presentation, T-Cell activation and the cellular immune response. 

Redox regulation in immune response, Cytokines. 

  

Module: 5 Immune Function and Dysfunction 8 Hours 

Immunity to infections: immunity to virus, prokaryotic (Bacteria), & eukaryotic pathogens 

(parasites & fungi); Transplantation, graft rejection Immunosuppression –Immune 

Dysfunction: Autoimmunity, Allergy, Hypersensitivity & Immunodeficiency. 

  

Module: 6 Application and Impact of Immunology  7 Hours 

Diagnostics; Haemagglutination, ELISA, Immunofluorescence & Immuno histochemistry. 

Therapeutics and prophylactics, Allergic disorders; Abzymes, Monoclonal Antibody 

production, Chimeric & humanized antibodies. Vaccines, Vaccine Production, anti-

vaccination movement and its impact. 

Total Lectures 45 Hours 

Text Books 

1 
Punt, J., Stranford, S., Jones, & Owen, J. A. (2018). Kuby Immunology, 7th ed., WH 

Freeman & Co. ISBN-13-978-1464189784. 

2 
Delves, P. J., Martin, S. J., Burton, D. R. & Roitt, I. M. (2016). Roitt's Essential 

Immunology 13th ed., Wiley-Blackwell ISBN: 978-1-118-41577-1 

Reference Books 

1 
Coico, R. & Sunshine, G. (2015). Immunology: A Short Course, 7th Edition, Wiley-

Blackwell. 

2 
Murphy, K. & Weaver, C. (2017). Janeways Immunobiology, 9th Edition, W. W. Norton 

& Company. 

3 
Rich, R. R., Fleisher, T. A. & Shearer, W. T. (2022). Clinical Immunology: Principles 

and Practice, 6th Ed., Elsevier, ISBN: 9780702081651. 
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4 
Murphy, K. & Weaver, C. (2017).  Janeway's Immunobiology, 9th Ed., Garland Science, 

Taylor & Francis Group, LLC, , ISBN: 9780815345503 

5 
Frank, C. H., Olwyn M. R. (2008). Westwood “Practical Immunology”, 4th Ed., Wiley-

Blackwell, ISBN: 978-1-405-14673-9 
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Course Code 
Genetic Engineering  

L T P C 

24BT2011 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply the concepts in Genetic engineering. 

2. Acquire technical skills about different types of restriction enzymes, types of 

vectors used for cloning. 

3. Assess the applications in genetic engineering through transgenesis.  

Course Outcomes: 

The students will be able to: 

1. Assess the basics of genetic engineering 

2. Develop the basic tools employed in genetic engineering. 

3. Analyse the use of cloning vectors in genetic engineering. 

4. Formulate polymerase chain reaction and its applications. 

5. Analyse the strategy and applications of gene cloning. 

6. Analyse the importance of transgenesis in biotechnological research. 
 

Module: 1 Restriction Enzymes 9 Hours 

Restriction enzymes- Classification-nomenclature; Endonucleases, Exonucleases, Ligases, 

Modifying enzymes; Linkers, Adapters and Homopolymer tailing. 

Module: 2 Cloning and Expression Vectors   9 Hours 

Properties of ideal vectors, Plasmid based cloning vectors- PBR322, pUC vectors, cloning 

vectors based on viral DNA ( λ  and M13 vector), hybrid vectors (Cosmid, Fosmid and 

Phagemid), high capacity vectors (YACs, BACs, MACs), shuttle vectors, specialized 

purpose vectors (expression and gene fusion vectors). 

Module: 3 
Polymerase Chain Reaction and Hybridization 

Techniques  
9 Hours 

Mechanism of Polymerase chain reaction, types of PCR, Inverse PCR, Nested PCR, Real 

time PCR, Molecular beacons, RACE PCR, RAPD, RFLP. Probe Preparation and methods 

of Labeling, Southern hybridization-Northern hybridization; Western blotting, Zoo blot, Dot 

blot, Autoradiography. 

Module: 4 Construction of Recombinant DNA  5 Hours 

Construction of recombinant DNA: Preparation of competent cell-Transformation (Physical, 

chemical and biological methods of Transformation), transfection- Recombinant selection 

and screening of recombinant DNA. 

Module: 5 Gene Sequencing, Libraries and rDNA Applications 9 Hours 

Gene Sequencing, chromosome walking, chromosome jumping, DNA footprinting, gene 

Editing- CRISPR-CAS, Genomic Libraries, cDNA libraries, Library Screening, DNA 

fingerprinting, gene therapy. 

Module: 6 Transgenesis and Bioethics  4 Hours 

Transgenic principles in plant and animal, ethical, moral and societal issues pertaining to 

rDNA technology. Monitoring strategies and methods for detecting transgenics. 

https://www.sciencedirect.com/science/article/pii/B9780128185766000022
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Total Lectures 45 Hours 

Text Books 

1 
Nicholl, D. S. T. (2010). An Introduction to Genetic Engineering, 3rd Edition 

Cambridge University Press; South Asian edition,. 

2 
Brown, T. A. (2020). Gene cloning and DNA analysis: an introduction. John Wiley & 

Sons. 

Reference Books 

1 
Nicholl, D. S.T. (2023).  An Introduction to Genetic Engineering, Cambridge 

University Press,. 

2 
Primrose, S. B. & Twyman, R. (2010). Principles of Gene Manipulation and Genomics, 

Backwell Scientific Publications. 

3 Mitra, S. (2008). Genetic Engineering Principles and Practice, Macmillan Publications. 

4 
Schaller, B. R. (2007). Understanding Bioethics and the Law: The Promises and 

Perils of the Brave New World of Biotechnology, Praeger Publishers Inc,. 

5 
Sherlock, R. & Morrey, J. D. (2002). Ethical Issues in Biotechnology, Rowman & 

Littlefield Publishers. 
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Course Code 
Bioprocess Engineering 

L T P C 

24BT2012 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply mass balance and stoichiometric calculations in microbial bioprocesses 

2. Design, analyse, and interpret experimental data to develop bioprocess models for 

growth, substrate consumption, and product formation 

3. Analyse different modes of bioreactor operation (batch, fed-batch, continuous) and 

apply principles of scale-up in bioprocess engineering. 

Course Outcomes: 

The students will be able to: 

1. Apply the principles of stoichiometry, mass balance in bioprocess 

2. Examine appropriate bioprocess kinetic model pertinent to experimental data 

3. Evaluate the oxygen requirement in aerobic culture 

4. Estimate the yield and productivity under different operating conditions 

5. Assess the performance of heterogeneous reactions in bioreactor system 

6. Apply principles of bioreactor design in scaling up processes 
 

Module 1 
Stoichiometry of Cell Growth and 

Product Formation 
7 Hours 

Stoichiometry of cell growth and product formation, elemental balances, degrees of 

reduction of substrate and biomass, available electron balances, various yield coefficients 

of biomass and product formation, oxygen consumption and heat evolution in aerobic 

cultures. Reaction energy balances 

Module  2  Bioprocess Kinetics 10 Hours 

Simple unstructured kinetic models for microbial growth, Monod model, logistic growth, 

limitation of logistic growth, Contois kinetics, Substrate uptake rate, true and apparent 

yield coefficients, maintenance coefficient, experimental determination, product formation 

kinetics - Leudeking- Piret models, substrate and product inhibition on cell growth and 
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product formation. Multiple substrate growth models, Diauxic growth, Determination of 

kinetic parameters for Bioprocess models 

Module  3 Oxygen Transfer in Bioreactors 6 Hours 

Oxygen transfer in microbial bioreactors; oxygen uptake rates and experimental 

determination of oxygen transfer coefficients (kLa); role of aeration and agitation in oxygen 

transfer  

Module  4 Bioreactor Performance Analysis 10 Hours 

Bioreactors for free cells – batch, continuous, fed batch, Steady state mass balance in CSTR, 

Critical dilution rate under steady state, Optimal dilution rate for biomass and product, 

Performance equation in different bioreactor systems, comparison of the productivity in 

batch and continuous culture. Reactors for immobilized cells: packed – bed and fluidized 

bed bioreactors, and membrane reactors, Bubble column, air lift loop reactor 

Module  5 Heterogeneous Bioreactor System 6 Hours 

Reactions in Isothermal Porous Catalysts, External and Internal Mass Transfer Effects, The 

Shrinking Core Model, Kinetics of enzyme catalyzed reactions, Enzyme inhibition types and 

models- Competitive, Noncompetitive and Uncompetitive inhibitions. 

Module  6 Bioreactor Scale-up 6 Hours 

Power requirements in mixing under aerated and non-aerated conditions, Mechanistic 

background of dimensional analysis, the use of dimensionless groups for scaling up, Scale 

up procedure from laboratory to pilot scale, Fermentation process scale down: benefits of 

process scale down, regime analysis and strategies for scale down experimentation 

Total Lectures 45 Hours 

Text Books 

1 
Shuler, M.L. & Kargi, F. (2017). Bioprocess Engineering: Basic Concepts, Prentice 

Hall.  

2 
Stanbury, P.F., Whitaker, A., Hall, S.J. (2017). Principles of Fermentation 

Technology, Butterworth-Heinemann. 

Reference Books 

1 
Liu, S. (2017). Bioprocess Engineering Kinetics, Sustainability, and Reactor 

Design, 2nd Edition, Elsevier,  

2 
Todaro, C.M., & Vogel, H.C. (2014). Fermentation and Biochemical Engineering 

Handbook, Elsevier. 

3 
Doran, P.M., Carlson, R. & Morrissey, K. (2024). Bioprocess Engineering 

Principles, Elsevier. 

4 Posten, C. (2018). Integrated Bioprocess Engineering, De Gruyter. 

5 
Najafpour, G. (2015). Biochemical Engineering and Biotechnology, Elsevier 

Science. 
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Course Code 
Metabolic Engineering 

L T P C 

24BT2013 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Demonstrate the fundamental skills required for success in the field of metabolic 

engineering.  

2. Analyse the complex regulatory mechanisms governing the dynamics of cellular 

metabolism.  

3. Illustrate the fundamental concepts of synthetic biology. 
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Course Outcomes: 

The students will be able to: 

1. Demonstrate the mechanisms of cellular transport processes involved in 

metabolism. 

2. Analyse the regulation of metabolic pathways and their influence on the production 

of primary and secondary metabolites. 

3. Design experiment methods to assess metabolic flux analysis. 

4. Assess the flux distribution within a metabolic network using Metabolic Control 

Analysis. 

5. Apply the principles of bioconversion to produce industrially important products. 

6. Evaluate the key enabling technologies in synthetic biology. 

Module: 1 
Introduction to Metabolic Engineering and its 

Importance  
7 Hours 

Introduction to Metabolic Engineering, Basic concepts; Scopes and Applications; 

Metabolism overview-(Cellular Transport processes, Fueling Reactions; Cellular 

Metabolism Overview- Biosynthetic reactions, Polymerization, Growth Energetics. 

Module: 2 Regulation of Metabolic Pathways 8 Hours 

Induction-Jacob Monod Model and its regulation, Regulation in branched pathways, 

differential regulation by isoenzymes, concerted or cumulative feedback regulation. Mutants 

which do not produce feedback inhibitors or repressors- auxotrophs-lysine, purine 

nucleotides; trophophase- idiophase relationship. 

Module: 3 Metabolic Flux Analysis 7 Hours 

Metabolic flux analysis; Building stoichiometric matrix; Steady state and pseudo steady state 

assumptions; Methods for experimental determination of metabolic fluxes by isotope 

labeling metabolic fluxes using GCMS. 

Module: 4 Metabolic Control Analysis 7 Hours 

Metabolic Control analysis (MCA); control coefficients, MCA of linear and branched 

pathways, control of flux distribution at branch point, grouping of reactions, optimization of 

flux amplification. 

Module: 5 Bioconversion 7 Hours 

Bioconversion- Factors affecting bioconversion, mixed or sequential bioconversions- Co 

metabolism, Product inhibition,  Applications of Bioconversions. 

Module: 6 Basics of Synthetic Biology  9 Hours 

Synthetic biology – definitions and concepts. History and evolution of synthetic biology and 

engineering perspectives. Natural vs Engineering systems. Tools of synthetic biology -Key 

enabling technologies in synthetic biology. BioBricks – Definition of a BioBrick 

Total Lectures 45 Hours 

Text Books 

1 

Stephanopoulos, G. N., Aristidou, A. A. & Nielsen, J. (1998). Metabolic Engineering: 

Principles and Methodologies, 1st edition Academic Press, An Imprint of Elsevier India 

Pvt. Ltd.  

2 
Cortassa S., Aon M.A., Iglesias A.A. & Llyod D. (2002). An Introduction to Metabolic 

and Cellular Engineering, World Scientific Publishing Co. Pte. Ltd,  

Reference Books 

1 
Smolke, C.S. (2010). Metabolic Pathway Engineering Handbook: Fundamentals”. 1st 

ed. CRC Press. 

2 
Freemont, P.S. & Kitney, R.I. (2012). Synthetic Biology – a Primer. World Scientific 

Publishing Co pvt Ltd. 
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3 

Stanbury, P. F., Hall, S. J. & Whitaker, A. (2016). Principles of Fermentation 

Technology, 3rd edition, Butterworth – Heinemann An Imprint of Elsevier India Pvt. 

Ltd.  

4 
Crueger, W. & Crueger, A. (2005). A Text Book of Industrial Microbiology, Panima 

Publishing Corporation. 

5 Carbonell, P. (2019). Metabolic Pathway Design. Springer International Publishing. 
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Course Code 
IoT in Biotechnology 

L T P C 

24BT2014 2 1 0 3 

Course Objectives: 

Enable the students to: 

1. Apply the concepts of IoT in Biotechnology.  

2. Analyse various IoT-related protocols, design, and development. 

3. Evaluate real-time applications in biotechnology.  

Course Outcomes: 

The students will be able to: 

1. Apply basic concepts of IoT. 

2. Assess the various components of IoT. 

3. Apply IoT for different biotechnological applications. 

4. Evaluate IoT application in different pharmaceutical applications. 

5. Assess significance of IoT in research and development. 

6. Design IoT based devices for future trends in biotechnology. 

Module: 1 Historical background of IoT 5 Hours 

The concept, The idea of connected device - “embedded internet” or “pervasive computing”. 

Pioneering work done by Kevin Ashton at Procter & Gamble in 1999 in the field of supply 

chain management by RFID technology. Gaps and New technology is 2022. 

Module: 2 Components of IoT 8 Hours 

Sensors & Actuators, Transceivers, Communication platforms - Ethernet, cellular, and Wi-

Fi. Processors & Boards, Power Supplies - Conventional thin film batteries; photovoltaic 

panels and energy harvesting modules, Gateways & Routers, Devices & Equipment Products 

used by end users - enabled equipment, wearable, hand-held scanners, and tracking devices. 

Self-motivated project based learning - Sensor Data Collection and Visualization and 

Wearable Health Monitoring System - heart rate and temperature monitoring. 

Module: 3 IoT in Biotechnology 8 Hours 

IoT in Agricultural Biotechnology - the demand of more food with other challenges 

including extreme climatic and weather conditions, reducing ground water supply and 

associated environmental impact, development of smart sensors, automated hardware’s and 

vehicles, robotics control systems, soil moisture probes, virtual optimizer PRO and other IoT 

based systems. Soil fertility. Smart green houses, Drones for aerial monitoring of land. Cloud 

computing in agriculture.  Self-motivated project based learning - Smart Agriculture - 

Environmental Data Collection - Soil moisture and Light intensity measurement and  IoT-

enabled energy meters or smart plugs to measure power usage. 

Module: 4  IoT in Pharmaceutical Biotechnology 8 Hours 

Discovery of novel drugs and biologics, Challenges - product instability and subsequent 

recalls, GMP and GDP regulations, supply chain management. Constructs and Future 

Concepts and Breakthroughs, Cellular Constructs: Neuron; Smart warehouses - Healthcare 
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and Management, RFID technologies: low frequency (LF), high frequency (HF) and ultra-

high frequency (UHF), Complete digital foot print - cold chains for the temperature-sensitive 

drugs during the transport.   

Module: 5 
IoT in Research and Development in Biotechnology – 

Case Studies 
8 Hours 

Era of “omics” - high evolutionary pace of novel microbial strains, phages and other 

biological breakthroughs, acquisition of reproducibility and consistency, Challenge of 

reproducibility, Case Study - Healthcare leader Bayer, Amgen. Negative Case Study - 

Amyris (bioreactors). IoT enabled instruments with intelligence, interconnected 

communication protocols - RF and Bluetooth low energy, high end sophisticated sensors, 

Cloud servers, Top IoT Solutions impacting Biotechnology, Otolink . Incuvers, BiomiTech 

and GRIP technologies, Smart IoT startup opportunities in Biotechnology, Tooblers, Lanars, 

Siemens AG, Honeywell, GE Healthcare. 

Module: 6 Current Challenges and Future Prospects 8 Hours 

The emergence of IoT paradigm, StartUps in Biotechnology-Biomanufacturing, Challenges 

- The complex configurations of IoT devices, Productivity in biotechnological research - 

Implementation at global scale. Security interfaces, Auditing and logging, Personalized 

Medicine, Gene Editing, Acceptance in biotech industry, End users, Security interfaces, 

Auditing and logging. Future perspectives - Biotech and Robotic Devices—An Overview of 

the Current Challenges, Existing Solutions and Ongoing Developments, Establishment of 

network integrity in the R&D laboratory, Networking. Automation in the laboratory - 

Automation in the Life Science Research Laboratory, Benefits of Automation and 

Limitations in Life Science research. 

Total Lectures 45 Hours 

Text Books 

1 
Mukhopadhyay, S. C. (2019), Internet of Things for Healthcare Technologies. CRC 

Press. 

 2 
Tripathy B.K. & Anuradha, J. (2018). Internet of Things (IoT), Technologies, 

Applications, Challenges, and Solutions. CRC Press London.   

Reference Books 

1 Khan, F. A. (2019). Biotechnology Fundamentals. CRC Press, 2019. 

2 

Thangadurai, D., & Sangeetha, J. (Eds.). (2014). Biotechnology and bioinformatics: 

Advances and applications for bioenergy, bioremediation and biopharmaceutical 

research. Springer. 

3 Renneberg, R. & Arnold L. D. (2017). Biotechnology for Beginners. Academic Press. 

4 

Dey, N., Hassanien, A. E., Bhatt, C., Ashour, A., & Satapathy, S. C. (Eds.). (2018). 

Internet of things and big data analytics toward next-generation intelligence, (Vol. 35). 

Berlin: Springer. 

5 
Balas, V. E., Jain, L. C. & Swarnalatha, P. (2020). Internet of Things in Biomedical 

Engineering. CRC Press. 
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Course Code 
Principles of Plant Biotechnology and Applications 

L T P C 

24BT2015 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Assess plant tissue culture techniques and its applications. 

2. Examine the plant transformation and breeding techniques 
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3. Formulate drug production strategies in plant biotechnology  

Course Outcomes: 

The students will be able to: 

1. Analyse cell and tissue culture techniques. 

2. Illustrate the knowledge on plant genetic engineering tools. 

3. Distinguish the different vectors used in plant transformation 

4. Analyse different methods of in vitro drug production techniques 

5. Examine the principles of plant breeding and protection 

6. Assess the different bioreactors and its applications in plant biotechnology 

Module: 1 Plant Tissue Culture  8 Hours 

History-tissue culture lab - establishing aseptic conditions -types of media and their 

preparation plant hormones- Micro propagation: Proliferation of axillary buds, induction of 

adventitious buds -organogenesis–direct and indirect (meristem/shoot apex culture, callus 

and suspension culture), callus regeneration - anther culture, ovule culture, embryo culture-

somatic embryogenesis-protoplast fusion-somaclonal variation-artificial seeds- immobilized 

cultures, Cryopreservation- Freezing and storage, thawing, reculture. Hardening and 

acclimatization of tissue cultured plants 

Module: 2 Plant Genetic Engineering Tools  8 Hours 

An introduction to genetic engineering, Enzymes used in genetic engineering, Ligation of 

DNA fragments with vectors. Characteristics of E. coli as host for cloning Biology of 

Agrobacterium tumefaciens-plant transformation methods-, biolistic, Natural gene transfer 

methods, Calcium chloride mediated transformation, Transfection with phage vectors, 

Electroporation, Microinjection PEG/liposome-mediated, chloroplast Transformation, site 

directed integration of transgene (zinc finger). Cloning strategies- Construction of genomic 

and cDNA libraries, Shot gun cloning, Selection and screening of recombinant clones 

Module: 3 Vectors in plant transformation  8 Hours 

Binary and co-integrate vectors-gateway vectors-promoters-selectable and screenable 

markers-marker free transgenics-significance and applications. DNA viruses that infect 

plants – Caulimoviruses vectors, Geminiviruses vectors, Types of vectors used in higher 

plants- Tumour-inducing (Ti) plasmids, binary and cointegrate vectors. Germplasm 

conservation; Gene Banks; legume symbiosis, N2 Fixation; Regulation of NIF and NOD 

Genes. 

Module: 4 Secondary metabolite production in tissue culture 6 Hours 

Cell suspension culture, hair root culture, Callus culture initiation, biotransformation, 

elicitation, permeabilization. Immobilization of cells and use of bioreactors, Bioprocessing 

for active principles. In vitro production of secondary metabolites, pharmaceuticals and 

aromatic chemicals. Edible vaccine 

Module: 5 Plant Breeding and Protection 6 Hours 

Sexual hybridization Mutagenesis – Polyploidy, Genetic resources for breeding, Germplasm 

conservation, Marker assisted selection, cultivar release and commercial seed production, 

stress and disease resistance pathways, Abiotic stress factors - tolerance mechanisms. 

Module: 6 Bioreactors for drug production 9 Hours 

Bioreactors: In-Process control (IPC), determination of plant cell growth: Illumination, 

Types of bioreactors for plant cell suspension culture, Plant as Bioreactors - edible Vaccines, 

Re- and multi usable bioreactors for plant cell suspension culture, Single-use and disposable 

bioreactors for plant cells and tissue culture. Advantages and disadvantages. Current trends 

in crop improvement. 

Total Lectures 45 Hours 

Text Books 
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1 
Slater, A., Scott, N. W. & Fowler, M. R. (2008). Plant Biotechnology- The Genetic 

Manipulation of Plants, third edition, Oxford University Press,  

2 
Mantal, S.H., Mathew J.A.  & Mickee R.A. (2006). Principles of Plant Biotechnology. 

An Introduction to Genetic Engineering in Plants, Blackwell Scientific Publication.  

Reference Books 

1 Dodds, J.H. (2005). Plant Genetic Engineering, Cambridge University Press.  

2 
Stewart, N. C. Jr. (2008). Plant Biotechnology and Genetics,John Wiley & Sons, Inc., 

New Jersey . 

3 
Abdin, M. Z., Kiran, U. & Ali, K. A. (2017). Plant Biotechnology: Principles and 

Applications, Springer Singapore,  

4 Jason, A. (2019). Principles of Plant Biotechnology, Callisto Reference, USA.  

5 Chawla, H. S. (2020). Introduction to Plant biotechnology, Science Publishers. 
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Course Code 
Advances in Animal Biotechnology 

L T P C 

24BT2016 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Demonstrate technical skills in In vitro culturing of cells 

2. Examine the role of specialized cells in the development of cell culture products. 

3. Assess the development of transgenic animals for livestock improvement. 

Course Outcomes: 

The students will be able to: 

1. Implement aseptic techniques for the culturing and maintenance of cell line. 

2. Demonstrate the process of scaling up of cell culture for product development 

3. Apply 3D cell culturing techniques for tissue engineering applications. 

4. Analyse the need of genetic screening In vitro fertilized embryos. 

5. Develop transgenic methods for livestock improvement. 

6. Evaluate the principles of ethical and regulatory issues in animal biotechnology. 

Module: 1 Cell Culture, Cell Separation and Characterization  12 Hours 

Layout of cell culture laboratory, Introduction to culture techniques, chemically defined 

media, serum and serum free media. Primary cell culture and types, Establishment of cell 

lines, maintenance and preservation, Cell separation by density gradient, Fluorescent 

activated cell sorting, Characterization: Morphology, Chromosome analysis, Isoenzymes, 

Cell Banks. 

Module: 2 
Sources of Contamination in Cell Culture and 

Culture of Specialized Cells  
 7 Hours 

Types of Microbial Contamination, Monitoring for Contamination, Mycoplasma 

contamination and detection, Eradication of contamination, Cross contamination. Culture of 

Specialized cells: Vascular endothelial cells, Neuronal cells, Stem cells. 

Module: 3 Scaling up of Cell Cultures and Tissue Engineering  6 Hours 

Scaling up of adherence and suspension cultures, Continuous flow culture, Cell culture as a 

source of various products-Vaccines- Rabies. Tissue Engineering: 3D culturing, protocols 

for 3D culturing of cells, Scaffolds as biomaterials for tissue engineering, Stem cells in tissue 

engineering. 

Module: 4 
Micromanipulation of Embryos and Molecular 

Markers  
5 Hours 
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Micromanipulation technology, Enrichment of X and Y bearing sperms from semen samples 

of animals, Artificial insemination and germ cell manipulation, In vitro fertilization and 

embryo transfer technology.  Mapping of genome and genome sequencing. Marker assisted 

selection. Gene banking. Molecular Markers used to study the distribution and patterns of 

genetic diversity in animals. 

Module: 5 Live Stock Improvement  7 Hours 

Genetic characterization of livestock breeds, Marker assisted breeding of livestock, 

Development of animals for expression of therapeutic proteins, Modification of animal 

products for fat, SNP markers to conserve livestock, Molecular markers in conservation 

genetics. 

Module: 6 Transgenic Animals  8 Hours 

Molecular diagnosis of animal diseases, Concepts of transgenic animal technology: 

Strategies for the development of transgenic animals and their importance in Biotechnology, 

Stem cells in the development of transgenic animals, Gene knock out in animals, gene 

banking, Use of Artificial Intelligence in Animal monitoring, Ethical and Regulatory issues 

in Animal Biotechnology 

Total Lectures 45 Hours 

Text Books 

1 

Freshney, R. I. (2021). Introduction to Culture of Animal Cells: A Manual of Basic 

Technique and Specialized Applications", 8th edn. John Wiley & Sons Publishers,. ISBN: 

978-1-119-51304-9. 

2 
Singh, B., Mal, G. & Goutam, S. K. (2019). Advances in Animal Biotechnology, 1st ed. 

Springer, ISBN-13. 978-3030213084. 

Reference Books 

1 
Heiner, N., Christine, W., (2018). Animal Biotechnology. Emerging Breeding 

Technologies, 4th Ed., Springer Publishing., ISBN 3319923471 

2 

Levine, M. M., Kaper, J.B., Rappuoli, R., Liu, M.A. & Good, M.F. (2004). New 

Generation Vaccines,. 3rd Ed., Boca Raton Publishers, CRC Press, ISBN 

9780429151866. 

3 
 Masters, J. R.W. (2009). Animal Cell Culture, 3rd ed., Oxford University Press, ISBN: 

9780199637966 

4 
Verma, A. S. & Singh, A. (2014). Animal Biotechnology,. Ist ed., Springer Publishing. 

ISBN: 978-0-12-416002-6 

5 
 Heiner, N., & Christine, W. (2018).  Animal Biotechnology 1 Reproductive 

Biotechnologies, Ist Ed., Springer Publishing. 
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Course Code 
Good Manufacturing and Laboratory Practices 

L T P C 

24BT2017 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Examine different standard documentation practices and record-keeping in GMP.  

2. Analyse the application of quality control in GMP and GLP. 

3. Evaluate the scope of quality certifications applicable to Food and Pharmaceutical 

industries. 

Course Outcomes: 

The students will be able to: 
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1. Illustrate the key regulatory and compliance elements concerning Good 

Manufacturing Practices, Good Laboratory Practices and Good Clinical Practices. 

2. Analyse the checklists and SOPs for various assessment and accreditation 

processes. 

3. Apply Good laboratory and manufacturing practices in Food and Pharma 

Industries. 

4. Organize readiness in the conduct of audits and trials. 

5. Evaluate biological safety and hazards. 

6. Justify the role and significance of regulatory affairs. 

Module: 1 Introduction to GxP (GMP, GLP, GCP) 5 Hours 

Introduction, definitions, and historical background, WHO guidelines on GLP and GMP, 

Principles for documentation (SOP). 

Module: 2 Quality Standards and Quality Assurances 5 Hours 

Quality Standards- Advantages and Disadvantages, Concept of Quality Control Quality 

Assurance- Their functions and advantages, Quality assurance and quality management in 

industry, Customer requirement of quality. 

Module: 3 
Good Manufacturing Practices and Quality systems in 

Pharmaceutical and Food Industries 
12 Hours 

Global Regulatory Framework, Regulations and Guidance, Regulatory Inspections, Site 

Master File (SMF), Validation Master Plan (VMP), Drug Master File (DMF), and Site 

Reference File (SRF),  Quality Management System, Quality Unit (Site) Management, Risk 

Management, Training and Personnel Qualifications, Change Control and Management, 

Investigations and Corrective and Preventive Action, Audits and Self-Inspections, Product 

Quality Complaints and Adverse Event Reports, Product Trend Requirements, Supplier and 

Contractor Quality Management. Principles of quality by design (QBD), Introduction to the 

concept of Design of Experiment (DOE), Application of QBD principles in Biotech product 

development. 

Module: 4 
Good Manufacturing Practices and Quality systems in 

food industries  
10 Hours 

Principles of quality by design (QBD), Introduction to the concept of Design of Experiment 

(DOE), Application of QBD principles in Biotech product development. Introduction to 

Quality control and Total Quality Control in the food industry, Food Inspection and Food 

Law, Critical Control Points in Food Industries: Critical Quality control point in different 

stages of production including raw materials and processing materials, Food Quality and 

Quality control including the HACCP system, ISO 9000 & ISO14000: Overview, Benefits, 

Elements, steps for registration, NABL accreditation: Principles and procedure 

Module: 5 Biosafety 8 Hours 

Facilities, Cleanrooms, Utilities, Equipment, Qualification and Validation, General 

Cleaning, Sanitization, and Pest Control, Automated or Computerized Systems, Societal 

Security—Business Continuity, Management Systems. Biosafety Levels, Recommended 

Biosafety Levels for Infectious Agents and Infected Animals Biosafety guidelines, 

Government of India Guidelines; 

Module: 6 Regulation on Clinical and Preclinical Studies 5 Hours 

Regulation on Clinical and Preclinical Studies, Formulation, Production, Management, 

Authorization and marketing of drugs, Guidelines on animal studies. 

Total Lectures 45 Hours 

Text Books 

1 
Durivage, M. A. (2016). The certified Pharmaceutical GMP professional, 2nd Edition, 

ASQ Quality Press Milwaukee, Wisconsin.  
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2 
Cooper, B. N. (2017). Good Manufacturing Practices for Pharmaceuticals: GMP in 

Practice, Create space Independent Publishing Platform. 

Reference Books 

1 
Tobin, E. P. (2016). cGMP starter guide: Principles in Good Manufacturing Practices 

for Beginners, Createspace Independent Publishing Platform.  

2 
Beg, S. & Hasnain, Md S. (2019). Pharmaceutical Quality by design: Principles and 

application, Academic press. 

3 
Teasdale, A., Elder, D. & Nims, R. W. (2017). ICH quality guidelines- An 

implementation guide. 

4 
Kenett, R. S., Zacks, S. & Amberti, D. (2014). Modern Industrial Statistics: with 

applications in R, MINITAB and JMP”, 2nd Edition, Wiley. 

5 Mathieu, M. P. (2000). New Drug Development: A regulatory overview. 
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Course Code 
Plant and Animal Tissue Culture Lab  

L T P C 

24BT2018 0 0 4 2 

Course Objectives: 

Enable the students to: 

1. Apply the fundamental principles of tissue culture techniques, including the 

differences between plant and animal tissue culture methods basic techniques of 

animal cell culture  

2. Demonstrate proficiency in aseptic techniques and the preparation of growth media 

for both plant and animal tissue cultures 

3. Analyse the growth and development of cultured tissues, evaluating factors that 

influence successful propagation and identifying common issues in tissue culture 

experiments. 

Course Outcomes: 

The students will be able to: 

1. Demonstrate media preparation on Plant and Animal Tissue Culture 

2. Implement various sterilization techniques in Plant and Animal tissue culture 

3. Execute plant transformation techniques 

4. Evaluate the viability cells in animal cell culture 

5. Develop propagation methods for commercially important plants 

6. Adapt in vitro techniques in animal and plant cell cultures for product development 

List of Experiments: 

1. Glassware cleaning solution preparation, washing and sterilization of glass and 

plastic wares for plant and animal cell culture 

2. Preparation of Hormones, MS Media and Sterilization 

3. Induction of callus from Leaf/internodal/root explant 

4. Induction of shoot from callus and axillary bud 

5. Preparation of synthetic seeds 

6. Enhanced In vitro production of secondary metabolite using cell suspension culture 

7. Basics of animal tissue culture laboratory design and maintenance 

8. Passaging of cell line 

9. Cryopreservation 

10. Membrane integrity assay- Trypan Blue Staining 

11. Metabolic activity assay- LDH assay 

12. Preparation of sample for anti-cancer studies.  
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Text Books 

1 
Sinha, S. K. (2012). Plant Tissue Culture: Theory and Practice, Oxford Book 

Company.  

2 

Freshney, R. I. (2011). Introduction to Culture of Animal Cells: A Manual of Basic 

Technique and Specialized Applications, Sixth Edition. Publisher, John Wiley &amp; 

Sons. 

Reference Books 

1 Angstrom, J. (2019). Principles of Plant Biotechnology, Callisto Reference, USA. 

2 Chawla, H. S. (2020). Introduction to Plant biotechnology, Science Publishers.  

3 Singh, B.D. (2022) Plant Biotechnology, 4th Edition  

4 
Masters, J. R. W. (2009). Animal Cell Culture, 3rd ed., Oxford University Press, ISBN: 

9780199637966 

5 
Verma, A. S. & Singh. A. (2014). Animal Biotechnology,  Ist ed., Springer Publishing, 

ISBN: 978-0-12--6 
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Course 

Code Downstream Processing 
L T P C 

24BT2019 3 0 0 3 

Course Objectives: 

Enable the students to : 

1. Analyse cell characteristics and apply disruption methods. 

2. Develop suitable methods for the  isolation, separation, and purification of 

bioproducts 

3. Evaluate different polishing methods for bioproducts. 

Course Outcomes: 

The students will be able to: 

1. Apply methods for cell disruption in bioproduct recovery. 

2. Solve problems associated with solid-liquid separation after fermentation. 

3. Analyse product recovery in isolation techniques. 

4. Assess the performance of different extraction and adsorption techniques. 

5. Analyse various purification strategies for bioproducts. 

6. Evaluate various techniques for bioproduct formulation 

Module: 

1 
Overview of Bioseparations 6 Hours 

Broad classification of bio products. Cell disruption and pretreatment: Analysis of various 

physical, chemical, enzymatic and mechanical methods for release of intracellular products, 

case studies related to downstream processing scheme 

Module: 2 Product Recovery 11 Hours 

Filtration: Equipment for conventional filtration- filter media, pretreatment methods, general 

filtration theory- Darcy’s law, compressible and incompressible filter cakes, filtration cycle. 

Continuous filtration equipment in industries, Centrifugal bio separations: Theory of 

Tubular-bowl centrifuges- maximum efficiency, centrifuge selection-RCF, scale up of 

centrifuges- sigma factor analysis, equivalent time, efficiency. 

Module: 3 Isolation of Bioproduct 12 Hours 

Adsorption: isotherm, assessment of adsorption capacity, Extraction, aqueous two phase 

extraction, Extraction efficiency in multi-stage extractor, (NH4)2SO4 based protein 

fractionation, Membrane separation process, fouling, and membrane types 
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Module: 4 Purification 6 Hours 

Chromatographic separations, Resolution, separation factor, Theoretical plate efficiency, 

Classification, Ion exchange chromatography, gel filtration techniques for molecular weight 

determination, affinity chromatography, Multicolumn Countercurrent Solvent Gradient 

Purification 

Module: 5 Product Polishing and Stabilization 5 Hours 

Crystallization: Basic principles- nucleation and crystal growth- super saturation theory, 

Product drying: Heat and mass transfer in drying- types of commercial dryers- vacuum 

dryers, freeze dryers, spray dryers 

Module: 6 Advances in Downstream Processing 5 Hours 

Recent advances in continuous downstream processing of antibodies - Acoustic wave 

separation, Multicolumn chromatography, Single-pass tangential flow filtration 

Total Lectures 45 Hours 

Text Books 

1 
Belter, P.A., Cussler, E.L., Hu, W-S. (2011). Bioseparations: Downstream Processing 

for Biotechnology, Wiley Interscience. 

2 
Sivasankar, B. (2008). Bioseparations: Principles and Techniques, Prentice-Hall of 

India Pvt. Ltd. 

Reference Books 

1 

Kavara, A., Sokolowski, D., Collins, M., & Schofield, M. (2020). Recent advances in 

continuous downstream processing of antibodies and related products. Approaches to 

the purification, analysis and characterization of antibody-based therapeutics, 81-103. 

ISBN 9780081030196. 

2 

De Luca, C., Felletti, S., Lievore, G., Chenet, T., Morbidelli, M., Sponchioni, M., & 

Catani, M. (2020). Modern trends in downstream processing of biotherapeutics through 

continuous chromatography: The potential of Multicolumn Countercurrent Solvent 

Gradient Purification. TrAC Trends in Analytical Chemistry, 132, 116051. 

3 
Harrison, R.G., Todd, P., Rudge, S.R. & Petrides, D.P. (2015). Bioseparations science 

and Engineering, Oxford University Press.  

4 
Prasad, K.K. & Prasad, N.K. (2010). Downstream Process Technology: A new Horizon 

in Biotechnology, PHI learning Private Limited. 

5 Goldberg, E. (2012). Handbook of Downstream Processing, Springer Netherlands. 
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Course Code 
ENVIRONMENTAL BIOTECHNOLOGY 

L T P C 

24BT2020 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Acquire the knowledge of environmental problems and develop technologies. 

2. Develop skills in bioreactors and biotreatment methods of industrial wastewater. 

3. Find solution to create green and clean environment.  

Course Outcomes: 

The students will be able to: 

1. Develop biotechnological solutions for addressing environmental issues such as 

pollution, mineral extraction, renewable energy, and water recycling. 

2. Analyze different aerobic and anaerobic wastewater treatment methods. 

3. Develop sustainable technologies for generation of bioenergy from biomass. 

4. Acquaint oneself with the pertinent legislation and methodology of pollutants. 
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5. Demonstrate the professional responsibility towards protecting the environment. 

6. Apply scientific solutions for the development of environmentally sustainable 

products. 

Module: 1 Environmental Monitoring 7 Hours 

Impact of environmental pollutants; Sampling: Land (site) sampling, water sampling, air 

sampling; Analysis – physical, chemical and biological; Environmental monitoring: 

Environmental impacts and their assessments using bioindicators.  

Module: 2 Wastewater Treatment  12 Hours 

Characteristics of wastewater; Primary treatment by sedimentation; Secondary treatment by 

suspended growth reactors - Activated sludge process, Aerobic – digestion, Anaerobic 

processes and Lagoons; Attached growth reactors - Trickling filter, Rotating Biological 

Contactor, Fluidized bed biological reactors, Up flow anaerobic sludge blanket reactor; 

Biological nitrate and phosphorus removal and Sequential batch reactor; Tertiary treatment- 

Polishing operations: Sand filtration, adsorption by activated carbon and chlorination; 

Examples of treatment schemes for waste waters of dairy, tannery, sugar and antibiotic 

industry.  

Module: 3 Bioenergy and Environment 7 Hours 

Emissions from fossil fuels; Greenhouse gases – CO2, ozone, sulphur dioxide, their 

interactions with environment, remediation of the emissions from fossil fuels; Biological 

energy sources: Utilization of biomass for generation of biofuels - Biogas, biodiesel, 

bioethanol, and biohydrogen.  

Module: 4 Industrial Process and Clean Technology 8 Hours 

Types of hazardous waste, biodegradation of xenobiotics and oil spills; Reuse, Recycle and 

Recovering (5Rs); Extraction and supply of raw materials, processing of raw material (eg. 

Enzymes, extremophiles); Methods of natural resource recovery; Microbial biopolymers 

used in recovery; Economical and social aspects of waste treatment. 

Module: 5 
Hazardous Waste Treatment and Biowaste 

Management  
5 Hours 

Biotechnological methods of pollution detection; General bioassays in pollution monitoring, 

and biosensors in environmental analysis; Biomarkers and toxicity testing; Net zero concept; 

Genomic tools for bioremediation; Quorum sensing. 

Module: 6 Development of Bioproducts and Technologies  6 Hours 

Biotechnological methods of pollution detection: General bioassays in pollution monitoring, 

and biosensors in environmental analysis; Biomarkers and toxicity testing; Net zero concept; 

Genomic tools for bioremediation, quorum sensing.  

Total Lectures 45 Hours 

Text Books 

1 
Jogdand, S.N. (2012). Environmental Biotechnology, Himalaya Publishing House, New 

Delhi,  ISBN: 9781441674609. 

2 
Sobti, R.C. (2018). Environmental Biotechnology: For Sustainable Future, Springer, , 

ISBN: 9789811072840. 

Reference Books 

1 
Shah, M.P. (2023). Advanced and Innovative Approaches of Environmental 

Biotechnology in Industrial Wastewater Treatment, Springer, ISBN: 9789819925971. 

2 
Rao, M. N., Sultana, R., & Kota, S. H. (2016). Solid and hazardous waste management: 

science and engineering. Butterworth-Heinemann. ISBN: 9780128098769. 

3 
Sanchez, G., & Hernandez, E. (Eds.). (2023). Environmental biotechnology and cleaner 

bioprocesses. CRC Press. ISBN: 9781000938692. 
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4 

Sangeetha, J., Thangadurai, D., David, M., & Abdullah, M. A. (Eds.). (2016). 

Environmental Biotechnology: Biodegradation, Bioremediation, and Bioconversion of 

Xenobiotics for Sustainable Development. CRC Press, ISBN: 9781315342054. 

5 

Purkait, M. K., & Haldar, D. (2021). Lignocellulosic biomass to value-added products: 

fundamental strategies and technological advancements. Elsevier. ISBN: 

9780128235348. 
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Course Code 
Concepts of Bioinformatics 

L T P C 

24BT2021 2 0 2 3 

Course Objectives: 

Enable the student to: 

1. Illustrate specific databases and perform effective database searches. 

2. Apply and perform various Insilco analysis for gene and protein structure and 

function identification. 

3. Analyse and perform target identification for drug-designing and to have a 

platform for interchange and exchange of knowledge with academia and industry. 

Course Outcomes: 

The students will be able to: 

1. Apply databases and tools in biological studies. 

2. Analyse the significance of biological databases and their utilization. 

3. Apply the Bioinformatics skill to solve the biological problems in Genomics and 

Proteomics. 

4. Analyse different types of biological databases and resources. 

5. Evaluate the vital role drugs interacting to the target. 

6. Assess phylogenetic tree based on Molecular data. 

Module: 1 Introduction to Bioinformatics  5 Hours 

Introduction to Bioinformatics, Importance and uses of Bioinformatics Scope of 

Bioinformatics. GenBank file format, SwissProt File format, Protein Databank file format 

Module: 2 Biological Databases  5 Hours 

Introduction to Biological databases, organization and management of databases, Primary 

sequence data bases, Secondary structural databases- nucleic acid sequence databases – 

tertiary structural database. 

Module: 3 Sequencing Alignment and Dynamic Programming  5 Hours 

Sequence Alignment, Local alignment, Global alignment, pairwise Alignment, multiple 

sequence alignments. Dynamic programming in sequence alignment: Needleman-Wunsch 

Algorithm, Smith Waterman Algorithm, Amino acid Substitution matrices (PAM, 

BLOSUM). 

Module: 4 Applied Bioinformatics Tools and Data Resources  5 Hours 

Entrez, ExPASy, EMBL-EBI tools and Data Resources: DNA/RNA Sequence Analysis 

tools, Gene Expression databases (GEO, GEN,Array Express), , Primer Design, Tools for 

Primer Design, Primer Design Application, Gene finding tools 

Module: 5 Computational Genomics and Proteomics  6 Hours 

Genomics databases, Proteomics databases, Comparative genomics and Proteomics; 

Understanding DNA microarrays and protein arrays, Gene and protein prediction strategies, 

Molecular Evolution and Phylogeny, Molecular data of Phylogenetic Tree, Distance Based 

Treen Reconstruction Methods, UPGMA, Neighbor Relation, Neighbor joining, Character 

https://www.sciencedirect.com/science/article/pii/B9780128185766000022#s0070
https://www.sciencedirect.com/science/article/pii/B9780128185766000022#s0070
https://www.sciencedirect.com/science/article/pii/B9780128185766000022#s0070
https://www.sciencedirect.com/science/article/pii/B9780128185766000022#s0070
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based Tree Reconstruction method, Maximum Parsimony Method, Maximum Likelihood 

method. 

Module: 6 Molecular Modeling and Simulation  4 Hours 

Basic concepts of Homology modeling, threading, ab-initio protein structural modeling, 

Energy Minimization methods: The steepest descents method, Line search in one-dimension, 

Arbitrary step approach, Conjugate gradients minimization and Applications, Molecular 

simulation methods and applications, target identification and      validation.AI based drug 

screening and drug discovery. 

Total Lectures 45 Hours 

List of Experiments: 

1. NCBI Database 

2. ExPASy Database 

3. Global alignment of two sequences - Needleman-Wunsch Algorithm 

4. Smith-Waterman Algorithm - Local Alignment of Sequences 

5. Pairwise Sequence Alignment using BLAST 

6. Gene Prediction 

7. Protein Familes –SCOP,Pfam and CATH 

8. Secondary structure analysis of a protein using SOPMA 

9. Primary Structure Analysis of a Protein Using ProtParam 

10. Analysing the geometry of protein and visualize the protein using protein databank 

and swiss-pdb viewer. 

11. Homology Modelling Using Modeller 

12. Tree Reconstruction based on Molecular Phylogeny Data 

Text Books 

1 
Gusfield, D. (2017). Algorithms on Strings Trees and Sequences, Cambridge University 

Press, Cambridge. 

2 
Mount, W. D. (2013). Bioinformatics sequence and genome analysis, 2nd Edition, CBS 

Publishers, New Delhi,. 

Reference Books 

1 
Baxevanis, A. D. & Francis Ouellette, B. F. (2012). Bioinformatics: A Practical Guide 

to the Analysis of Genes and Proteins, 3rd Edition, Wiley and Sons. 

2 
Rastogi, S. C., Mendiratla, N. & Rastogi, P. (2013). Bioinformatics methods and 

applications- Genomics, Proteomics and Drug Discovery. Prentice Hall India.  

3 Lesk, A.M. (2017). Introduction to Bioinformatics, Oxford University Press India. 

4 
Baxevanis, A. D., Bader, G. D., & Wishart, D. S. (Eds.). (2020). Bioinformatics. John 

Wiley & Sons. 

5 Lesk, A.M. (2017). Introduction to Bioinformatics. Oxford University Press India. 
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Course Code 
Bioethics, IPR and Biosafety 

L T P C 

24BT2022 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply Biosafety regulations and IPR 

2. Analyze ethical reasons behind transgenics and human genome projects 

3. Assess ethical issue of organ transplantation and transgenic animals 

https://www.sciencedirect.com/science/article/pii/B9780128185766000022#s0070
https://www.sciencedirect.com/science/article/pii/B9780128185766000022#s0070
https://www.sciencedirect.com/science/article/pii/B9780128185766000022
https://vlab.amrita.edu/index.php?sub=3&brch=275&sim=1454&cnt=1
https://vlab.amrita.edu/index.php?sub=3&brch=275&sim=1455&cnt=1
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Course Outcomes: 

The students will be able to: 

1. Analyse different rDNA technology of transgenic in animals, humans and 

microorganisms 

2. Apply the various biosafety regulations in transgenics 

3. Illustrate types of IPR and steps involved in patent filing, process and grant  

4. Assess various techniques of genome, stem cells and organ research in humans 

5. Justify modern rDNA research and its ethical procedures 

6. Implement recent ethical, legal and social economic impacts of rDNA research in 

biotechnology and its applications 

Module: 1 Biosafety  7 Hours 

Introduction – historical background. Biosafety Programme as per DBT. Biological Safety 

Cabinets, Biosafety and Biosecurity in Containment. Epidemiology of Laboratory-Acquired 

Infections. Epidemiology of Laboratory-Acquired Infections. Infectious Agents and Infected 

Animals. Gene flow in natural and artificial ecologies. 

Module: 2 Biosafety Guidelines  8 Hours 

Sources of gene escape, tolerance of target organisms, creation of superweeds/superviruses. 

Guidelines and regulations (Cartegana Protocol) – Definition of GMOs & LMOs - Designer 

Crops. Biofortification for Improved Nutrition. Gene Drive technology for Pest Control. 

Roles of Institutional Biosafety Committee, RCGM, GEAC etc. for GMO applications in 

food and agriculture. Environmental release of GMOs - Risk - Analysis, Assessment, 

management and communication  

Module: 3 Intellectual Property Rights  8 Hours 

Introduction to IPR, Types of IP - Patents, Trademarks, trade secrets, Copyright & Related 

Rights, Industrial Design, Protection of Traditional Knowledge through Geographical 

Indications. Importance of IPR – patentable and non-patentable, patenting life, Implications 

of intellectual property rights on the commercialization of biotechnology products. 

Agreements and Treaties - History of GATT & TRIPS Agreement; Madrid Agreement; 

Hague Agreement; WIPO Treaties; Budapest Treaty; PCT; Indian Patent Act 1970 & recent 

amendments. IPR and WTO regime - Principles of the trading system. Open Access and 

Open Innovation: Digital and Online Intellectual Property. 

Module: 4 Patents and Patent Laws  9 Hours 

Objectives of the patent system - Basic, principles and general requirements of patent law. 

Biotechnological inventions and patent law - Legal development - Patent Filing Procedures 

- National & PCT filing procedure, Time frame and cost, Status of the patent applications, 

Precautions while patenting, disclosure/ nondisclosure. Patent licensing and agreement. 

Patent infringement - meaning, scope, litigation, case studies. Case Analysis and Patent 

Laws-Legal Service in India. Intellectual Property Rights (IPR): Novartis AG v. Union of 

India. Corporate Law and Commercial Disputes: Tata Consultancy Services (TCS) v. Epic 

Systems. Constitutional Law and Human Rights: Shayara Bano v. Union of India. 

Environmental Law and Public Interest Litigation: Vishaka v. State of Rajasthan. 

Module: 5 Bioethics  7 Hours 

Bioethics: Introduction to ethics and bioethics. Ethical, legal and socioeconomic aspects of 

gene therapy, germ line, somatic, embryonic and adult stem cell research. Ethical 

implications of GM crops, GMO’s, human genome project, human cloning, designer babies, 

biopiracy and biowarfare. Eugenics and its possible approaches.  

Module: 6 
Animal rights, Human rights and Organs 

Transplantation in Human Beings  
6 Hours 

Animal right activities - Blue cross in India- society for prevention of cruelty against animals. 

Ethical limits of Animal use. Human dignity and human rights. Organs Transplantation in 

Human Beings, Human dignity and human rights. Ethics in Xenotransplantation,  
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Total Lectures 45 Hours 

Text Books 

1 
Krishna, S. (2007). Bioethics and Biosafety in Biotechnology. New Age International 

Publishers, New Delhi. 

2 Sateesh, M.K. (2008). Bioethics and Biosafety, IK International Publishers. 

Reference Books 

1 
Kuhse, H., Sch, U., & Singer, P. (Eds.). (2015). Bioethics: an anthology. John Wiley 

& Sons. 

2 
Fleming, D. O., Hunt, D. L. & Roffman, D. R. (2013). Handbook of Biosafety and 

Biosecurity." Boca Raton, FL: CRC Press. 

3 
Beauchamp, T. L., & Childress, J. F. (2013). "Principles of Bioethics." 7th ed. New 

York: Oxford University Press, 2013. 

4 
Verma, R. ed. (2010). Biotechnology and Intellectual Property Rights: Legal and 

Social Implications, Hershey, PA: IGI Global. 

5 
Ghosh, S. (2007). Intellectual Property Rights in Biotechnology. 2nd ed. Aldershot, 

England: Ashgate Publishing. 
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Course Code 

Downstream Processing Lab 

L T P C 

 24BT2023 0 0 3 
1.

5 

Course Objectives: 

Enable the students to: 

1. Apply unit operations involved in the separation and purification of bioproducts 

2. Assess cell disruption techniques and solid-liquid separation of bioproducts 

3. Design methods for the isolation, purification, and polishing of bioproducts. 

Course Outcomes: 

The students will be able to: 

1. Demonstrate cell disruption techniques for intracellular product recovery 

2. Integrate separation methods to recover microbial cells from aqueous suspensions 

3. Formulate liquid-liquid extraction techniques in product purification 

4. Execute drying characteristics for maximizing product recovery 

5. Perform the adsorption isotherm analysis in solid-liquid separation to enhance 

separation efficiency 

6. Design purification strategy based on product characteristics. 

List of Experiments 

1. Centrifugal efficiency comparison under different operating conditions for cell 

recovery 

2. Calculation of specific cake-resistance in batch Filtration process 

3. Estimation of degree of cell disruption Physical and chemical methods 

4. Estimation of protein recovery involving solvent precipitation technique 

5. Determination of partition coefficient of organic acid between water-chloroform 

6. Estimation of protein recovery in ammonium sulfate precipitation technique 

7. Determination of equilibrium moisture content in batch drying technique 

8. Breakthrough curve analysis in fixed bed column 

9. Analysis of isotherm parameters for citric acid adsorption onto charcoal 

10. Determination of  the effect the coagulant dose in flocculation efficiency 
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11. Determination of the crystallization recovery of organic acid from fermentation 

broth. 

12. Comparison of cryoprotectant dosage on Viability of lyophilized microbial culture.   

Total Lectures 45 Hours 

Text Books 

1 
Belter, P.A., Cussler, E.L., Hu, W-S. (2011). Bioseparations: Downstream 

Processing for Biotechnology, Wiley Interscience. 

2 
Sivasankar, B. (2008). Bioseparations: Principles and Techniques, Prentice-Hall 

of India Pvt. Ltd. 

Reference Books 

1 
Harrison, R. G., Todd, P., Rudge, S. R., & Petrides, D. P. (2015). Bioseparations 

science and engineering. Oxford University Press, USA. 

2 
Prasad, K. K., & Prasad, N. K. (2010). Downstream process technology: a new 

horizon in biotechnology. PHI Learning Pvt. Ltd. 

3 

Chhabra, R. P., & Gurappa, B. (Eds.). (2019). Coulson and Richardson’s 

chemical engineering: volume 2A: particulate systems and particle technology. 

Butterworth-Heinemann. 

4 
Geankoplis, C. (2003). Transport processes and separation process principles 

(includes unit operations). Prentice Hall Press. 

5 
Goldberg, E. (2012). Handbook of downstream processing. Springer science & 

business media. 
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Course Code 
Stem Cell Technology 

L T P C 

24BT2024 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Comprehend the knowledge in stem cell biology and its role biotech revolution. 

2. Analyse the importance of embryonic stem cells, adult stem cells in medicine 

3. Assess the social implications associated with stem cell technology.  

Course Outcomes: 

The students will be able to: 

1. Compare the features of stem cells with other type of cells 

2. Distinguish different types of stem cells and their properties. 

3. Demonstrate various stem cell culturing methods. 

4. Analyse the source of stem cells and the factors that affect their functions. 

5. Develop knowledge in the treatment of diseases using stem cells 

6. Assess ethical issues involved in stem cell technology. 

Module: 1 Classification and Types of Stem Cells 6 Hours 

Classification of stem cells, Types of stems Cells; Embryonic stem cells; Pluripotent Stem 

Cells; Adult Stem cells; Induced pluripotent stem Cells, Differentiation and properties of stem 

cells. 

Module: 2 Stem Cells and their Developmental Potential  8 Hours 

In vitro fertilization-culturing of embryos, Blastocyst inner cell mass differentiation, 

Identification, and characterization of human ES cells. Somatic stem cells, Test for 

identification of adult stem cells, Hematopoietic Stem cells. 

Module: 3 Laboratory and Methods of Stem Cell Culture  8 Hours 
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The stem cell Laboratory: Design, Equipment and oversight, Methods of isolation and 

culturing of stem cells: Basic Pluripotent stem cell culturing protocols, Quality control of cell 

cultures, Cell line sterility, Cell line authenticity, Cell line stability.   

  

Module: 4 Differentiation and Identification of Stem Cells 9 Hours 

Growth factors, Chord cells, Derivation & differentiation of ES Cells, Pluripotent Cells, 

Induced Pluripotent cell-Methods, Genetic & epigenetic reprogramming, iPSC vs Trans-

differentiation,  Fluorescence activated cell sorting (FACS), Green fluorescent protein 

tagging. 

Module: 5 Applications of Stem Cell Technology  9 Hours 

Use of stem cells in Neurological disorders; Use of stem cells in cardiac disease; Use of stem 

cells in Cancer treatment; Stem cells for organ generation; Use of stem cells in tissue 

engineering, Orthopaedic applications of stem cell - Insulin-producing Cells Derived from 

Stem cells, Stem cell Therapy COVID 19. 

Module: 6  Stem cell Policy and Ethics 5 Hours 

Stem cell policy and ethics, Problems and perspectives in stem cell technology; Alternatives 

to stem cells, Stem cell research: Hype, hope and controversy. 

Total Lectures 45 Hours 

Text Books 

1 Atala, A., & Lanza, R. (Eds.). (2012). Handbook of stem cells. Academic press. 

2 
Razabi, M., Alshihri, A. A. & Weng, D. (2017). Stem Cell Biology and Regerative 

medicine, Vol. 5, 1st ed., Bentham Publishers. ISBN. 978-1-68108-578-4. 

Reference Books 

1 
Marshak, D. R., Gardener, R. L. & Gottlieab, D. (2015). Stem Cell Biology, Cold Spring 

Harbor Press.  

2 Kursad and Turksen, (2002). Embryonic Stem cells, Humana Press. 

3 

Verma, Y. K., Satija, N. K., Ragav, P. K., Tyagi, N. & Kumar, S. (2023). Stem cell an 

Alternative Therapy for COVID 19 and Cytokine Strom, Ist ed., Elsevier Science, ISBN 

9780323955454. 

4 
Haider, K. H. (2023). Cardiovascular Applications of Stem cells, Ist ed., Springer 

Nature, ISBN 9789819907229 

5 
Ramalingam, M., Ramakrishnan,S. & Best, S. (2012). Biomaterials and Stem cells in 

Regenarative Medicine. CRC Press. ISBN. 9781439879269.  
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Course Code 
Tissue Engineering 

L T P C 

24BT2025 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Demonstrate technical skills in In vitro culturing of cells  

2. Analyse the characterization and differentiation of cells for their use in tissue 

engineering.  

3. Formulate techniques for tissue implantation in medical field. 

Course Outcomes: 

The students will be able to: 

1. Apply the fundamental concepts in Tissue engineering 

2. Asses the characterization and differentiation of cells for tissue engineering. 

3. Design scaffolds, tissue implants and their use in tissue engineering. 
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4. Analyse 3D cell culture mechanism and cell to cell interactions. 

5. Evaluate tissue engineering applications in the field of medicine. 

6. Adapt the regulatory and ethical issues in tissue engineering. 

Module: 1 Fundamental of Tissue Engineering 7 Hours 

Fundamentals Of Stem Cell Tissue Engineering; Human cell and tissue structure, Cell 

harvesting and culture, Growth Factors; Extracellular Matrix: Structure and function.  

Module: 2 Characterization and Differentiation 7 Hours 

Characterization: Morphology, Chromosome Analysis, Enzyme Activity. Stem cell     

differentiation: Proliferation, Lineage, Markers of Differentiation, Genetic Instability. 

Module: 3 Biomaterials and Organs for Transplants  8 Hours 

Biomaterials for Tissue Engineering: Natural biomaterials, Non-degradable synthetic 

biomaterials, Engineering tissues for replacing bone, cartilage, tendons, ligaments, skin and 

liver. Basic transplant immunology, stems cells   in tissue engineering, Biomimetic Materials 

Module: 4 Specialized Cells and 3D Culturing  8 Hours 

Epithelial Cells, Mesenchymal Cells, Neuroectodermal cells, Hematopoietic cells, 3D cell 

culture of different types of cells, cell transplantation for liver, musculoskeletal, cardiovascular, 

neural, visceral tissue engineering, Microfluidics and Organs on Chips. 

Module: 5 Current Trends in Tissue Engineering 9 Hours 

Nanotopography-Guided Skin Tissue Engineering, Stem Cells for Skin Tissue Engineering, 

Preparation of Self-Assembled Hydrogels, Significance of Natural and Synthetic Polymer for 

Hydrogels, Future of Nanotechnology in Tissue Engineering. 

Module: 6 Regulatory Issues & Applications in Medical Fields  5 Hours 

Ethical, FDA and regulatory issues of tissue engineering, Product development using tissue 

Engineering, Current scope, and development of tissue engineering in therapeutics and in-vitro 

testing, Artificial blood vessel, Artificial Liver tissue engineering. 

Total Lectures 45 Hours 

Text Books 

1 

Freshney, R. I. (2021). Introduction to Culture of Animal Cells: A Manual of Basic 

Technique and Specialized Applications", 8th edn. John Wiley & Sons Publishers,. ISBN: 

978-1-119-51304-9. 

2 
Palsson, B., Hubbell, J. A., Plonsey, R. & Bronzino, J. D. (2003). Tissue Engineering, Ist 

ed., CRC Press. ISBN: 9780429214882. 

Reference Books 

1 
Lanza, R., Langer, R., Vacanti, J. P., & Atala, A. (Eds.). (2020). Principles of tissue 

engineering. Academic press. ISBN:9780128214015.  

2 
Bronzino, J. D., & Peterson, D. R. (2014). Biomedical engineering fundamentals. CRC 

press. ISBN: 1439825181. 

3 
Pinnamameni, R., Vemuri, P. K. & Rao, K. R. S. S. S. (2019). Animal Cell Culture 

Technology, Ist ed, Scholars’ Press. ISBN. 978-6138-91469-3 

4 
Blitterswijk, C. V. & Boer, J D. (2015). Tissue Engineering: An Introduction”, 2nd ed., 

Academic Press. ISBN: 978-0-12-420145-3.  

5 
Boer, J D. & Blitterswijk, C. V. (2023). Tissue Engineering, 3rd ed., Elsevier Publishers. 

ISBN: 978-0-12-824459-3.   
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Course Code 
Advances in Biopolymer and Applications 

L T P C 

24BT3001 3 0 0 3 

Course Objectives: 
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Enable the students to: 

1. Analyze the structure, composition, and functions of different biopolymers for 

varied industrial applications. 

2. Demonstrate the applications of biopolymers in the pharma, food processing and 

packaging industries 

3. Apply various engineering technologies to explore the potential of biomolecules. 

Course Outcomes: 

The students will be able to: 

1. Examine the structure, composition, and functions of different biopolymers for 

varied industrial applications. 

2. Demonstrate the applications of biopolymers in the pharma, food processing and 

packaging industries 

3. Apply various engineering technologies to explore the potential of biomolecules. 

4. Distinguish the structure of different biomolecules to their functionalities. 

5. Develop the biosensors for the diagnostics purpose using biomarkers. 

6. Assess the trending technologies related to biopolymers. 

Module: 1 Glycan Based Biopolymers 10 Hours 

Glycoconjugates – Proteoglycan, glycoproteins, glycolipids and lipopolysaccharides; 

Glycans and blood groups, Lectins and interaction with glycoconjugates – Determination of 

blood group; Glycans in biotechnology and pharmaceutical industry: as components of 

vaccines and small molecule drugs, glycosylation engineering, therapeutic glycans. 

Polysaccharides used in food and packaging industries.  

Module: 2 Protein Based Biopolymers 10 Hours 

Structure-function relationship in protein biopolymers. Industrially significant peptide 

biopolymers – Peptide vaccines, Therapeutic peptides, Cosmetics; Challenges in use of 

peptides as therapeutic drugs. Applications of protein based biopolymers: Food and 

packaging industry, Environmental bioremediation, as medicine. Enzyme markers in disease 

diagnosis – hepatobiliary diseases, myocardial disorders, atherosclerosis, renal dysfunction 

and cancer; Application of Protein/Enzyme Engineering-Enzymes in food, detergent and 

pharmaceutical industries. Enzyme immobilization techniques and its applications-Enzyme 

based biosensors. 

Module: 3 Hormones and Antibodies as Biopolymers 6 Hours 

Mechanism of actions of peptide hormones, Hormone therapy- Pharmaceutical applications 

of peptide hormones as drugs, Hormone Replacement Therapy-Applications of hormones in 

anti-ageing medicine. Antibody engineering and applications, Abzymes – production and 

advantages. 

Module: 4 Lipid Technology and Applications 7Hours 

Industrial applications of fatty acids and lipids-Fatty acid based biodegradable biopolymers, 

role of lipids in pharmaceutical industry- use of lipids in liposome nano-formulations, 

Structured Lipids for Food and Nutraceutical Applications 

Module: 5 Nucleic Acid Biopolymer 6 Hours 

Applications of nucleic acid polymer in diagnosis and therapy - nucleic acid probes in 

clinical laboratory; Review on current status of gene therapy research.  

Module: 6 Recent Trends in Biopolymer Applications 6 Hours 

Applications of biopolymers in food and packaging industry, Biopolymer scaffolds and  

tissue engineering, Biopolymers and bioremediation, Liposomes and their novel applications 

in nanobiotechnology and medicine 

Total Lectures 45 Hours 

Text Books 
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1 
Stryer, L., Berg, J. M., Tymoczko, J. L. & Gatto Jr. G. J. (2019). Biochemistry, 9th 

Edition, Kindle Edition. 

2 
Lehninger, A. L., Nelson, D. L. & Cox, M. M. (2017). Principles of Biochemistry 

Seventh Edition (Freeman Publishers), New York. 

Reference Books 

1 

Varki, A., Cummings, R.D., Esko, J.D., Freeze, H.H., Stanley, P., Bertozzi, C.R., 

Hart, G.W. & Etzler, M.E. (2009). Essentials of Glycobiology, Second edition; 

Published by Cold Spring Harbor Laboratory Press, New York. 

2 
Pahwa, S. (2018). Conceptual Review of Biochemistry, 1st Edition, CBS Publishers 

& Distributors Private Limited, India, ISBN: 9789386827241. 

3 
Murray, R.K,, Granner, B.K,, Mayes, P.A, & Rodwell, V.W. (2015). Harper’s 

Biochemistry, Prentice Hall International. 

4 Jain & Jain (2016). Biochemistry, Chand publication. Revised Edition 

5 
Satyanarayana, U. & Chakrapani, U. (2013), Biochemistry, 4th Edition, Elsevier, 

UK. 
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Course Code 
Bioprocess Modelling and Simulation 

L T P C 

24BT3002 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Illustrate the principles and frameworks of mechanistic and data-driven models.  

2. Develop mathematical models relevant to industrial and environmental bioprocess 

systems. 

3. Assess model quality in terms of fitness, sensitivity, and generalization capability. 

Course Outcomes: 

The students will be able to: 

1. Analyse different component and their inter-relationship in bioprocess modeling. 

2. Evaluate model quality in terms of sensitivity, external validation, and 

generalization capability. 

3. Develop dynamic bioprocess models from experimental data. 

4. Design parametric models based on process kinetics, mass transfer, and related data 

5. Formulate appropriate machine learning models depending on data availability for 

modeling and simulation process. 

6. Formulate simplification strategies to simulate bioprocess models. 

Module: 1 Introduction to Modelling Framework 8 Hours 

Purpose of Bioprocess modelling, Type of modelling approach – Static models, dynamic 

model, first-principle white-box modelling, Data driven parametric and non-parametric 

(black box) modelling, Hybrid modelling, identifying predictor and response, parameter, and 

hyperparameters. 

Module: 2 Model Quality Mapping 8 Hours 

Model fitness – regression coefficient, Generalization capability of model, Use of Cross-

validation, Data partitioning into cross-validation, Confidence interval estimation and boot-

strapping for 1st principal models, Model sensitivity analysis 

Module: 3 Dynamic Bioprocess Model Structure 7 Hours 

Representation of Bioprocess (with examples) in terms of key mathematical expression, 

Identifying key variables, parameters, number of equations, Kinetic expression, Conversion 
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of algebraic to differential form for mass balance equations, Numerical integration, Euler 

and fourth order Runge-Kutta method 

Module: 4 Bioprocess Model Development 7 Hours 

Modelling simple microbial growth, substrate consumption and product formation kinetics 

in batch Process. Incorporating substrate and product inhibition, multi-substrate growth 

models 

Module: 5 ML Modelling in Bioprocess 10 Hours 

Multiple linear regression modelling, Collinearity in dataset, Principal component 

regression, Artificial neural network, Regression tree, Ensemble modelling Random Forest 

regression 

Module: 6 Bioprocess Modelling Examples  5 Hours 

Modelling and Simulation of Citric Acid Production from Corn Starch Hydrolysate, 

Mathematical modelling of ethanol production, Dynamic modeling of nutrient removal. 

Total Lectures 45 Hours 

Text Books 

1 
Verma, A. K. (2014). Process Modelling and Simulation in Chemical, Biochemical 

and Environmental Engineering, CRC Press.  

2 

Heinzle, E., Dunn, I. J., Ingham, J. & Přenosil, J. E. (2021). Biological Reaction 

Engineering - Dynamic Modeling Fundamentals with 80 Interactive Simulation 

Examples, Wiley.  

Reference Books 

1 
Christo, B. (Ed.). (2021). Modeling and Simulation in Chemical Engineering Project 

Reports on Process Simulation, Springer.  

2 

Zhang, D, Chanona, E. A del Río. (Ed), (2023). Machine Learning and Hybrid 

Modelling for Reaction Engineering: Theory and Applications”, Royal Society of 

Chemistry. 

3 
 Rebala, G., Ravi, A. & Churiwala, S. (2019). An Introduction to Machine Learning, 

Springer International Publishing.  

4 Zhou, Z.Z. (2021). Machine Learning, Springer Nature Singapore. 

5 
Snape, J. B., Dunn, I.J., Ingham, J. & Prenosil, J.E. (2007). Dynamics of 

Environmental Bioprocesses Modelling & Simulation, Wiley. 
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Course Code Advanced Process Equipment Design and Drawing 

Lab 

L T P C 

24BT3003 0 0 4 2 

Course Objectives: 

Enable the students to: 

1. Adapt safe and dependable processing facilities. 

2. Design plant layout and selection using AutoCAD. 

3. Execute the basic knowledge to carry out process equipment design and cost effect. 

Course Outcomes: 

The students will be able to: 

1. Design the plant layout using unit operation symbols, letters, and lines. 

2. Invent mass transfer equipment for industrial processes. 

3. Design of valves in flow measuring devices. 

4. Create plant layouts for pharma and biotech industries. 
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5. Design of various reactors for fermentation. 

6. Construct heat transfer equipment for industrial processes. 

List of Experiments: 

1. Writing of engineering letters and drawing of Polygons 

2. Basics of  various unit operation symbols 

3. Design of Biotech Industrial Plant layout 

4. Design of Biochemical Industry Plant out 

5. Design of Shell and tube heat exchanger  

6. Design of forced circulation Evaporator 

7. Design of CSTR 

8. Design of Bubble-column Bioreactor 

9. Design of Fractional distillation column 

10. Design of Rotary drum filter  

11. Design of Absorption column 

12. Design of Venturi meter 

Text Books 

1 Donald Q. K. (2007). ProcessHeatTransfe”,Tata Mc Graw Hill, New Delhi. 

2 
Mccabe, W. L.,Smith, J. C.,  & Harriott,P. (2004).Unit Operations of Chemical 

Engineering, 6thEdition,  McGraw Hill,NewYork. 

Reference Books 

1 
Shuler, M.L. & Kargi, F. (2017). Bioprocess Engineering: Basic Concepts, Prentice 

Hall. 

2 
Bailey, J.E. & Ollis, D.F. (2010). Biochemical Engineering Fundamentals, Tata 

McGraw-Hill.  

3 
Green, D. W. & Prasad, N. K. (2010). Downstream Process Technology: A New Horizon 

in Biotechnology, phi learning private limited.  

4 

Richardson, J.F., Harker J.H. & Backhurst J.R. (2006). Coulson and Richardson 

Chemical Engineering volume 2: Particle Technology and Separation Processes” 

Butterworth-Heinemann. 

5 Doble, M. & Gummadi, S. N. (2007). Biochemical engineering. PHI Learning Pvt. Ltd. 
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Course 

Code Genetic Engineering Lab 
L T P C 

24BT3004 0 0 4 2 

Course Objectives: 

Enable the students to: 

1. Apply basic genetic engineering techniques in recombinant DNA technology. 

2. Analyse the methods of extraction of nucleic acids and proteins. 

3. Evaluate the techniques in cloning and gene expression studies.  

Course Outcomes: 

The students will be able to: 

1. Execute the isolation of nucleic acid from plant, animal, and microbial sources 

2. Execute gel electrophoresis for the determnation of molecular weight 

3. Demonstrate the DNA manipulation and transformation techniques. 

4. Evaluate the RNA expression by reverse transcription. 
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5. Analyse the nucleic acid amplification using PCR. 

6. Analyse the expressed recombinant protein. 

List of Experiments: 

1. Linearization of plasmid DNA. 

2. Isolation of total RNA from E.coli. 

3. Isolation of total RNA from mammalian cells. 

4. Isolation of total RNA from yeast. 

5. Reverse Transcriptase PCR of target gene & Agarose Gel electrophoresis to estimate 

molecular weight. 

6. RE digestion of the PCR product & cloning the digested PCR product into E.coli 

Expression vector by ligation. 

7. Preparation of competent E.coli and transformation of the recombinant plasmid and 

selection of recombinant clones. 

8. Induction of expression using IPTG and extraction of expressed protein. 

9. Analysis of expressed protein using SDS-PAGE. 

10. Extraction of protein using salting out method and purification using dialysis. 

11. Extraction and purification of target protein using affinity beads and Ion exchange 

column. 

12. Western blotting analysis for confirmation of purity and quality of expressed protein. 

Text Books 

1 Rastogi, S. (2009). Genetic Engineering. Oxford University Press.  

2 
Primrose, S. B. & Twyman, R. M. (2023). Principles of Gene Manipulation and 

Genomics, Wiley Publisher.  

Reference Books 

1 Brown T.A. (2005). Genetics: A Molecular Approach. Bios Scientific Publishers Ltd.  

2 
Brown T.A. (2006). Gene Cloning and DNA Analysis, (5th Edition). Blackwell 

Publishers.  

3 
McPherson. M. J. & Moller S. G. (2006). PCR -The Basics (Garland Science, 2nd 

Edition)”. Taylor & Francis.  

4 
Johnvennison (2010). Laboratory manual for Genetic Engineering, PHI Learning 

publication.  

5 
Green, M. R. & Sambrook, J. (2015). Molecular Cloning: A Laboratory Manual, 

(Fourth Edition), Cold Spring Harbor Laboratory Press. 
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Course Code Enzyme Technology and 

Industrial          Applications 

L T P C 

24BT3005 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Demonstrate the mechanism of biocatalyst 

2. Apply the kinetics of enzymatic reaction 

3. Assess the applications of enzymes in various industry. 

Course Outcomes: 

The students will be able to: 

1. Analyse the mechanism of enzyme action for enhancing industrial production. 

2. Evaluate the kinetics of an enzyme-substrate reaction and enzyme inhibition for 

industrial scale-up. 

3. Assess the process of enzyme immobilization and its kinetics for efficient 

production. 
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4. Design of enzyme-immobilized bioreactors and biosensors for diverse applications. 

5. Demonstrate extraction and purification of the enzymes for commercial production. 

6. Synthesize of organic compounds using enzymes. 

Module: 1 Introduction to Enzymes 7 Hours 

Brief introduction to enzymes, nomenclature and classification of enzymes, mechanisms of 

enzyme action, specificity of enzyme action, determination of enzyme activity, Effect of 

physical and chemical factors on enzyme activity, concept of active site, quantification of 

enzyme activity and specific activity, Enzyme in action & specificity, Enzyme stability,  

control of Enzyme activity 

Module: 2 Enzyme Kinetics &Modeling of Enzymatic Systems 7 Hours 

Kinetics of multi-substrate enzyme catalyzed reaction, relation of kinetic parameters, micro-

environmental effects on enzyme kinetics, Enzyme Inhibition – Competitive, non-

competitive and Toxic compound inhibition, types and derivation, Allosteric regulation of 

enzymes, Monod changeux wyman model 

Module: 3 Immobilized Enzymes and Bioreactors 7 Hours 

Introduction, Chemical and Physical methods of enzyme immobilization,  kinetics of 

immobilized enzymes, Analysis of film and Pore diffusion,  Immobilized bioreactors- 

Packed bed and Fluidized bed bioreactor and Engineering considerations 

Module: 4 Industrial enzymes 7 Hours 

Few industrial enzymes like glucose-isomerase, cellulases, Pectinases, protease etc. Their 

importance, source production, optimization of fermentation medium, assay, extraction and 

purification of enzymes. Applications of enzymes in analysis; Design of enzyme electrodes 

Module: 5 Molecular Understanding of Enzymes and its 

Applications 

7 Hours 

Enzyme catalysis- mechanism of enzyme activity, enzyme dynamics and flexibility; 

specificity of enzymes- substrate specificity, enantio selectivity of enzymes; 

thermodynamics and stability 

Module: 6 Enzyme in Organic Synthesis   7 Hours 

Enzymes like DHAP aldolase, pyruvate aldolase, tyrosine kinase & their uses.  Application 

of enzymes in industries 

Total Lectures 45 Hours 

Text Books 

1 Palmer, T., & Bonner, P. L. (2007). Enzymes: biochemistry, biotechnology, 

clinical chemistry. Elsevier. 

2 Punekar, N. S. (2018). Enzymes, Springer.  

Reference Books 

1 Guisan, J. M. (Ed.). (2006). Immobilization of enzymes and cells, (Vol. 22). 

Totowa, NJ: Humana Press. 

2 Price and Lewis Stevens. (2000). Fundamentals of Enzymology, Oxford, United 

Kingdom. 

3 Yoo, Y. J., Feng, Y., Kim, Y. H., &Yagonia, C. F. J. (2017). Fundamentals of 

enzyme engineering. Springer. 

4 Liu, S. (2020). Bioprocess engineering: kinetics, sustainability, and reactor 

design. Elsevier. 

5 Shuler, M.L. & Kargi,F.  (2015). Bioprocess Engineering - Basic concepts, 

Prentice Hall of India Pvt. Ltd., 2nd edition. 

Recommended by Board of 

Studies 

  03.04.2024 

Approved by Academic Council   11.05.2024 
 



  

BIOTECHNOLOGY 55 

 

 

Course 

Code Microbial Biotechnology 
L T P C 

24BT3006 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Evaluate the roles of microorganisms and their products in medicine, agriculture, 

and food industry. 

2. Assess the principles of microbial metabolomics and its significance of microbial 

products. 

3. Analyse the microbial products and their diverse applications. 

Course Outcomes: 

The students will be able to: 

1. Examine the principles of microbial biotechnology. 

2. Illustrate the concept of genomics and proteomics in microbial biotechnology. 

3. Apply recombinant DNA technology to microbial applications. 

4. Assess the interactions among microbes, hosts, and the environment. 

5. Analyse the differences between microbial and enzymatic processes in food and 

fuel industries. 

6. Evaluate the economics and market value of microbial products. 

Module: 1 Introduction to Microbial Technology  5 Hours 

Microbial technology in human welfare; Isolation and screening of microbes important for 

industry – advances in methodology and its application; Strain improvement to increase yield 

of selected molecules, e.g., antibiotics, enzymes, biofuels 

Module: 2 Microbial Genomics 9 Hours 

 Introduction to Microbial genomes -Genome sequencing of different microbes; Microbial 

genomics for discovery of novel enzymes, drugs/ antibiotics-Multi Drug Resistance, 

Metagenomics and metatranscriptomics – their potential, methods to study and 

applications/use (animal and plant health, environmental clean-up, global nutrient cycles; 

global sustainability), Phylogenetic relationships between various genera of microbes 

Module: 3 Microbial Proteomics 8 Hours 

Introduction to microbial proteomics, 2D gel profiling, MALDI – ToF, Protein purification 

work station of various microbes, Microbial pathogenesis at the proteome level, Structural 

proteomics and computational analysis, Proteome research for novel drug targets, High 

throughput proteomic screening for novel enzymes 

Module: 4 Microbes in Pharmaceutical Industry 6 Hours 

Recombinant protein and pharmaceuticals production in microbes – common bottlenecks 

and issues (technical /operational, commercial and ethical), Attributes required in industrial 

microbes for efficient cloning and expression- Streptomyces, Yeast,  Downstream process- 

Product characterization, Up-scale techniques- Quality assurance, meeting regulatory 

standards, optimization process. 

  

Module: 5 Microbes in Food and Agriculture Industry 9 Hours 

Food processing and food preservation- High Temperature, Low Temperature, Food 

additives, Irradiation, Production of bacteriocins from lactic acid bacteria and their 

applications in food industry, Non recombinant ways of introducing desirable properties in 

Generally Recognized As Safe (GRAS) microbes to be used in food (e.g., Yeast), 

Biofertilizers, Bioinsecticides, Biofungicides 

Module: 6 Production of Microbial Metabolites 8 Hours 
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Metabolites- Concept, Role, and Classification- primary, secondary, Polar metabolites. Gut 

microbiome- Definition, function, Short Chain Fatty Acids (SCFAs) - butyrate, propionate 

and acetate, host interaction on gut microbiome. Microbial metabolomics- Introduction, 

Applications- Metabolomic foot printing.  Up-scale techniques- Quality assurance, meeting 

regulatory standards 

Total Lectures 45 Hours 

Text Books 

1 Lee, Y. K. (2013). Microbial Biotechnology: Principles and Applications.  

2 
(2007).The New Science of Metagenomics Revealing the Secrets of Our Microbial 

Planet. . Washington, D.C.: National Academies Press. 

Reference Books 

1 Moo-Young, M. (2019). Comprehensive biotechnology. Elsevier. 

2 
Nelson, K. E. (2015).  Encyclopedia of Metagenomics. Genes, Genomes and 

Metagenomes: Basics, Methods, Databases and Tools. Boston, MA: Springer US.  

3 
Okafor, N. (2007). Modern Industrial Microbiology and Biotechnology. Science 

Publishers,  Enfield, New Hampshire, USA. 

4 
Agarwal, A. & Parihar. P. (2005). Industrial Microbiology: Fundamentals and 

Applications.  Agrobios India, Jodhpur. 

5 
Singh, J., Vyas, A., Wang, S. & Prasad, R. (2020). Microbial Biotechnology: Basic 

Research and Applications, Springer, India.   
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Course Code 
Agriculture and Food Biotechnology 

L T P C 

24BT3007 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply the principles of biotechnology in agriculture and food industry.  

2. Evaluate the industrial applications of agriculture and food biotechnology. 

3. Illustrate the marketing skills of agricultural and food products on global scale 

Course Outcomes: 

The students will be able to: 

1. Illustrate the biotechnological intervention promoting plant growth and insect 

resistance in agriculture 

2. Analyse the biotechnological developments in fermentation and food preservation 

industries 

3. Evaluate the process of microbe-based industrial product development 

4. Examine the modern technologies in food processing industries 

5. Assess the technological advancements in process and packaging of bioproducts 

6. Examine the key enabling technologies for the marketing and export of bioproducts 

Module: 1 Biotechnology for Agriculture 12 Hours 

Plant-derived Biotechnological Products- Bioplastic, Bio-fuels, Precision Genome Editing 

in Plant Biotechnology: CRISPR/Cas9 and Beyond Next-Generation Plant. 

Micropropagation Techniques- Media preparation and optimization, sterilization techniques, 

Anther and microspore culture; Somaclonal variation, In vitro germplasm conservation, 

Protoplast isolation, culture and fusion Agrobacterium-Mediated Transformation, Biolistic 

(Particle Bombardment) Transformation. Somatic Embryogenesis- Induction Methods, 

Embryo Developmental Stages, Factors Influencing Somatic Embryo Formation, Synthetic 

seeds. Sustainable Pest and Nutrient Management- Microbial pesticides: Definition, 
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Biocontrol agents used against insects -viruses, bacteria, fungi, protozoa, mites, Weed 

(Phytophthora, Palmivora), disease (fungi, bacteria). 

Module: 2 Microbial Applications for Agriculture 10 Hours 

Metagenomics for Agroecosystem Management- Definition, Soil Sampling Techniques, 

Sample Preservation Methods, Extraction Techniques for Soil DNA, In silico functional 

annotation using AGRIGO, PANTHER. Nano-Biofertilizers. Metabolic pathway 

engineering of microbes and Microbial Consortia. for the production of novel products and 

Crop Resilience. Precision Biocontrol: Microbial Biopesticides and Phage Therapy. 

Microbial Biostimulants. Nanoencapsulation and Nanoemulsion for Targeted Delivery in 

Agriculture. Induced Systemic Resistance (ISR), Plant Growth promoting Rhizobacteria 

(PGPR) 

Module: 3 Bioprocessing Techniques in Industry  10 Hours 

Screening in Microbial Biotechnology- Reporter genes, Selectable markers, PCR. Integrated 

Multiscale Approaches for Improved Productivity- Insect, pest, and disease resistance, weed 

resistance, drought tolerance, and improvement of nutritional values through RNAi 

Technology. Secondary Metabolites- Role, classification:  Phenolics, Short chain Fatty 

Acids (SCFA), Amino acids and their applications in food and pharmaceutical industries. 

Module: 4 Futuristic Technologies in Food Processing 10 Hours 

Advanced Food Processing Technologies- Nanomaterials for targeted nutrition delivery, 

Enzymatic reactions such as tenderization of meat, clarification of fruit juices, and 

modification of starches, proteins, and fats. Protein and Enzyme Engineering for Food 

Industry. Cultured Meat and Dairy Alternatives- Plant-Based Meat Substitutes (Wheat, Soy, 

Mycoprotein), Probiotic cultures (Kefir grains).  

Module: 5 Innovative Approaches in Food Processing and Packaging 10 Hours 

Personalized Food Processing and Customized Nutrition- Age, Genetic profiles and health 

conditions. Smart Packaging Technologies: RFID and IoT Integration for Quality Control. 

Food Waste Valorization: Biorefinery Concepts and Circular Economy Strategies. Novel 

Preservation Techniques: Non-Thermal Processing and Ohmic Heating. Clean Label Foods: 

Natural Ingredients and Minimal Processing. Advanced Packaging Materials: 

Nanocomposites, Sustainable Packaging Solutions: Edible Films and Active Packaging. 

Module: 6 Strategic Marketing and Export of Food Products 8 Hours 

Consumer Trends in the Food Industry: Health and Sustainability Preferences. Food Safety 

Management Systems: HACCP, PFA, and FSSAI Standards. International Trade 

Agreements for Harmonization and Regulatory Convergence- World Trade Organization 

(WTO), Sanitary and Phytosanitary (SPS) Agreement, Codex Alimentarius Commission 

(Codex). Quality Assurance in Export, Traceability Systems, and Supply Chain 

Transparency. 

Total Lectures 60 Hours 

Text Books 

1 
Chawla, H. S, (2020). Introduction to Plant Biotechnology”, 3Ed Oxford & IBH 

Publishing. 

2 
 Acharya S.S. (2019). Agricultural marketing in India, Oxford & IBH publishing; 6th 

revised edition edition. 

Reference Books 

1 

Goyal, M. R., Ansar, H., Suleria, R. & Kirubanandan, S. (2019). Technological 

Processes for Marine Foods, From Water to Fork: Bioactive Compounds, Industrial 

Applications, and Genomics (Innovations in Agricultural & Biological Engineering), 

Apple Academic Press; 1edition. 

2 Lee, B. H. (2015). Fundamentals of Food Biotechnology. 
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3 

Sangeetha, J., Thangadurai, D., Tanasupawat, S., & Kanekar, P. P. (Eds.). 

(2019). Biotechnology of microorganisms: diversity, improvement, and application of 

microbes for food processing, healthcare, environmental safety, and agriculture. CRC 

Press. 

4 
Nelson, P. E. (Ed.). (2010). Principles of aseptic processing and packaging. Purdue 

University Press. 

5 

Kotler, P., Armstrong, G., Ang, S. H., Leong, S. M., Tan, C. T., & Ho-Ming, O. 

(2012). Principles of marketing: an Asian perspective. London, UK: Pearson/Prentice-

Hall. 
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Course 

Code Big Data Analytics 
L T P C 

24BT3008 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Examine the concepts and methods of Big data analysis. 

2. Demonstrate Data exploration, visualization and statistical analysis for given data 

set.  

3. Apply big data analytics for Biological data set. 

Course Outcomes: 

The students will be able to: 

1. Evaluate various types of big data platforms and cloud computing models. 

2. Analyse the fundamentals of big data technologies 

3. Apply the big data tools and software in handling the biological data. 

4. Evaluate the vital role of drugs interacting with the target. 

5. Justify the use of the R platform for biological big data analysis. 

6. Construct and develop biological models based on big data techniques 

Module: 1 Introduction to Big Data 8 Hours 

Big data analytics overview, Data life cycle, Traditional Data mining Life cycle, CRISP, 

Big Data life cycle methodologies  

Module: 2  Data Exploration and Visualization  7 Hours 

Problem Definition, Data Collection, Data Pre-processing, Data Cleaning – 

Homogenization, Heterogenization, Summarizing data, Data Exploration and 

Visualization.  

Module: 3  Big Data Methods  9 Hours 

Introduction to R programming, Data Frames, Atomic vectors, Factors, Data types, 

Variables, Functions, working with excel files, Data interface.  

Module: 4  Charts & Graphs  6 Hours 

Develop pie chart, 3D pie chart, Histograms, Bar chart, Group bar chart, Stacked Bar chart, 

Line graph, Multiline graph and Box plot. 

Module: 5  Data Analytics with R 9 Hours 

Machine Learning: Introduction, Supervised Learning, Unsupervised Learning, 

Collaborative Filtering. Big Data Analytics with BigR.  

Module: 6 Big data analytics for Health care  6 Hours 

Big data analytics in bioinformatics, Health care, Data mining using RNA seq data, Text 

mining on complex biomedical literature, Biological sequence motifs and patterns.  

Total Lectures 45 Hours 
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Text Books 

1 VenkatAnkam, D. (2016). Big Data analytics, Packt publishing.  

2 White, T. (2012).  Hadoop: The Definitive Guide, Third Edit on, O’reily Media.  

Reference Books 

1 Acharya, S., Chellappan, S. (2015). Big Data Analytics, Wiley.  

2 

Plunkett, T. & Hornick, M. (2013). Using R to Unlock the Value of Big Data: Big Data 

Analytics with Oracle R Enterprise and Oracle R Connector for Hadoop, McGraw-

Hill/Osborne Media , Oracle press.  

3 

Zikopoulos, P., De Roos, D., Parasuraman, K., Deutsch, T., Giles, J. & Corigan, D. 

(2012). Harness the Power of Big Data The IBM Big Data Platform, Tata McGraw Hill 

Publications.  

4 
Wang, B. (2014). Big Data Analytics in Bioinformatics and Healthcare, IGI global 

edition. 

5  Kulkarni, P. Joshi, S. (2016). Big Data analytics, PHI learning. 
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Course 

Code Bioethics and Biosafety 
L T P C 

24BT3009 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Examine Biosafety regulations and IPR     

2. Evaluate environmental containments of GMO and ethics of stem cell research   

3. Analyse ethical issues of transgenics in plant, animal and microorganisms    

Course Outcomes: 

The students will be able to: 

1. Analyse different rDNA technologies of transgenic in animals, humans, and 

microorganisms 

2. Apply the various biosafety regulations in transgenics 

3. Illustrate IPR and patent procedures 

4. Assess various techniques of genome, stem cells, and organ research in humans 

5. Justify modern rDNA research and its ethical procedures 

6. Analyse ethical, legal, and social-economic impacts of rDNA technology 

Module: 1 
 Legal Impacts of Biotechnology - Biosafety Regulations and 

Bioethics 
8 Hours 

National and International Level Biosafety Regulations, Trials On-field, Up scaling of Field 

Trials, Biosafety Protocol Newsletter, Hazardous Materials Used in Biotechnology—

Handling and Disposal, Environmental Regulations in Biotechnology, Good Manufacturing 

Practices, Good Laboratory Practices, Good Laboratory Practice Principles. Bioethics: 

Introduction to ethics and bioethics, framework for ethical decision making. Ethical, legal 

and socioeconomic aspects of gene therapy.  

Module: 2  Intellectual Property Rights 8 Hours 

Introduction to IPR, Types of IP - Patents, Trademarks, Copyright & Related Rights, Trade 

Secrets and Confidential Information Industrial Design, Traditional Knowledge and 

Geographical Indications, Filing of a patent application; Precautions before patenting-

disclosure/non-disclosure; Procedure for filing a PCT application, Patenting and the 
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Procedures Involved in the Application for Grading of a Patent, Steps to a Patent, Examples 

of Patents in Biotechnology  

Module: 3 Environmental containments of GMO and Farmers rights 8 Hours 

The GM-food debate and biosafety assessment procedures for biotech foods & related 

products, including transgenic food crops, Roundup Ready soybeans, Golden Rice. Key to 

the environmentally responsible use of biotechnology - Conservation biology Environmental 

aspects of biotech applications. Use of genetically modified organisms and their release in 

environment. Discussions on recombinant organisms and transgenic crops, with case studies 

of relevance. Plant breeder’s rights. Legal implications - Respect for autonomy, Beneficence, 

Biodiversity and farmers rights - Non-maleficence Ethical implications of GM crops and 

GMO’s-Justice 

Module: 4 Stem Cell Research 7 Hours 

Introduction, Applications of Stem Cells, Beyond Stem Cells and Cloning. Ethics Involved 

in Stem-cell Research, Organoid and Tissue-on-a-Chip Technologies: Advancements in 

Animal-Free Research. Animal Cloning, Ethics and Animal Cloning, Gene Editing and 

Genome Engineering in Stem Cells, 3D Bioprinting Technologies. Human Cloning, 

Controlling Someone Else’s Genetic Makeup, Instrumentality, Infertility–An Exception to 

Instrumentality - Assisted Reproductive Technologies (ART). 

Module: 5 Organs Transplantation in Human Beings 7 Hours 

Organs Transplantation in Human Beings, Ethical consideration for xenozoonosis and Risk 

mitigation. Bioethical Issues - Psychosocial and Cultural Perspectives Transgenesis, 

Informed Consent, Allocation of Health Care Resources, Patentability and 

Xenotransplantation, Ethical implications of Organ culture - Scientific Integrity, Social 

Justice and Equity and Regulatory Oversight. 

Module: 6 Transgenic guidelines  7 Hours 

DBT - rDNA guidelines and regulatory affairs for transgenics- plants, animals and 

microorganisms. International Harmonization, Emerging Technologies - CRISPR-Cas9 

Total Lectures 45 Hours 

Text Books 

1 
Krishna, S. (2007). Bioethics and Biosafety in Biotechnology. New Age International 

Publishers, New Delhi. 

2 Sateesh, M.K., (2008). Bioethics and Biosafety, IK International Publishers. 

Reference Books 

1 
Kuhse, H. & Singer, P. (eds.). ( 2006). Bioethics: An Anthology. 3rd ed. Malden, MA: 

Blackwell Publishing. 

2 
Fleming, D. O., Debra L. H. & Roffman, D. R. (2013). Handbook of Biosafety and 

Biosecurity. Boca Raton, FL: CRC Press. 

3 
Beauchamp, T. L., & Childress, J. F. (2013). Principles of Bioethics." 7th ed. New York: 

Oxford University Press. 

4 
Verma, R. (ed.). (2010). Biotechnology and Intellectual Property Rights: Legal and 

Social Implications, Hershey, PA: IGI Global. 

5 
Ghosh, S. (2007). Intellectual Property Rights in Biotechnology. 2nd ed. Aldershot, 

England: Ashgate Publishing. 
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Course Code Computational Biology 
L T P C 

24BT3010 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply the fundamental concepts, tools and resources in Computational Biology. 

2. Demonstrate the machine learning and data mining concepts and techniques 

relevant to biological data. 

3. Analyse different high throughput data processing and analysis. 

Course Outcomes: 

The students will be able to: 

1. Evaluate the principles of biological data and interpretation. 

2. Demonstrate high throughput biological data and perform statistical analysis. 

3. Illustrate the advanced data mining and machine learning techniques 

4. Create skills in molecular modeling and simulation, whole-cell modeling, drug 

discovery, and Systems Biology. 

5. Analyse the implementation of algorithms that may help them design their own. 

6. Evaluate the theory and practical aspects of important computational experimental 

techniques. 
 

Module: 1 Biomolecular Computing  10 Hours 

DNA Structure and Processing, Computational operations and Step involve in DNA 

computing, RNA secondary structure prediction: Base pair maximisation and the Nussinov 

folding algorithm, Energy minimization and the Zuker folding algorithm, Design of 

covariance models, Application of RNA fold, Analysis of protein structures, comparative 

modeling, structure prediction algorithms and tools. 

  

Module: 2 Molecular Mechanics 7 Hours 

Introduction, The Morse Potential, The Harmonic Oscillator Model for Molecules, 

Comparison of Morse and Harmonic Potential, two atoms connected by a bond, Poly atomic 

Molecules, Energy due to Stretch, Bend, Stretch-Bend, Torsional strain, van der Waals and 

Dipole-Diploe interactions. Types of Potentials: Lennard-Jones, Truncated Lennard-jones. 

Types of Force Fields: AMBER, CHARMM, Merck Molecular Force Field, Consistent 

Force Field, MM2, MM3 and MM4 force fields. 

Module: 3 Molecular Dynamics Simulation    7 Hours 

Introduction, Radial distribution functions, Pair Correlation function, Newtonian dynamics, 

Integrators- Leapfrog and Verlet algorithm, Potential truncation and shifted-force potentials, 

Implicit and explicit Solvation models, Periodic boundary conditions, Temperature and 

pressure control in molecular dynamics simulations. 

Module: 4 Next generation sequencing 7 Hours 

Introduction to NGS, WGSS, Second-generation DNA sequencing: Pyrosequencing, 

Reversible Dye-Terminator Sequencing, Emulsion PCR approach with small magnetic 

beads, Ion semiconductor sequencing, Ion torrent, Third-generation DNA sequencing: 

Single molecule real time (SMRT) sequencing, Fourth-generation nanopore-based 

sequencing. Biological applications of NGS: Whole-genome sequencing, Exome 

sequencing, Transcriptome sequencing, Epigenome sequencing, Interactome sequencing, 

methylome sequencing. 

Module: 5 Data Mining and Data warehousing  7 Hours 

Genomics databases, Proteomics databases, Comparative genomics and Proteomics; 

Understanding DNA microarrays and protein arrays, Gene and protein prediction strategies, 
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Molecular Evolution and Phylogeny, Molecular data of Phylogenetic Tree, Distance Based 

Treen Reconstruction Methods, UPGMA, Neighbor Relation, Neighbor joining, Character 

based Tree Reconstruction method, Maximum Parsimony Method, Maximum Likelihood 

method. 

Module: 6 Systems Biology and Protein Network Analysis       7 Hours 

Introductions to systems biology: Key concepts of systems biology- dynamic systems, 

network, self-organization, emergent properties, homeostasis, robustness. Analysis of 

dynamical systems. Basic concepts of modeling biological systems using ordinary 

differential equations; Numerical methods of solving ordinary differential equations- Euler 

method; Graphical analysis of ordinary differential equation based models - direction field, 

phase plane; stability analysis of linear and non-liner systems of ordinary differential 

equations; Concept of Bifurcation Basic properties of Network: Degree, average degree and 

degree distribution. Adjacency matrix, weighted and unweighted networks, Bipartite 

network, Paths and distances.  

Total Lectures 45 Hours 

Text Books 

1 
Neil C. J. (2011). An introduction to bioinformatics algorithms, Pavel Pevzner. MIT 

Press. 

2 
Brown, S. M. (2013). Next-generation DNA sequencing Informatics, Cold Spring 

Harbor Laboratory. 

Reference Books 

1 
Leach, A. R. (2001). Molecular Modeling Principles and Applications, Second Edition, 

Prentice Hall. 

2 
Pevsner, J. (2015). Bioinformatics and Functional Genomics, 2nd Edition. John Wiley 

& Sons Inc. 

3 Kriete, A. & Eils, R. (2005). Computational systems biology, Academic Press. 

4 
Gibson, G. & Muse, S. V. (2009). A Primer of Genome Science, Third Edition. Sinauer 

Associates, Inc; 3 edition. 

5 Lesk, A.M. (2017). Introduction to Bioinformatics. Oxford University Press India. 
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Course Code 
Pharmaceutical Biotechnology 

L T P C 

24BT3011 3 0 0 3 

Course Objectives: 

Enable the students to 

1. Analyse different pharmaceutical parameters for biotechnology based products. 

2. Examine the various events at molecular level, keeping a balance between health and 

disease. 

3. Assess the different pharmaceutical drug delivery methods. 

Course Outcomes: 

The students will be able to 

1. Evaluate different pharmaceutical parameters for the current and future 

biotechnology-related products on the market. 

2. Describe screening, isolation, characterization, and scale-up of biological products. 

3. Implement the legal steps involved in progressing a new drug to market and its 

science 

4. Establish skills in molecular immunotherapeutic and immunotherapy. 
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5. Assess the pharmaceutical drug delivery methods and analysis. 

6. Evaluate various components in the formulation of biopharmaceuticals. 

Module: 1 Introduction to Biopharmaceuticals and Bio generics.         9 Hours 

Introduction to Biopharmaceuticals and pharmaceutical biotechnology, Biopharmaceuticals: 

current status and future prospects, generic and branded biopharmaceuticals, overview of 

life history for development of biopharmaceuticals. peptide-based therapeutics: In-silico, 

pharmaco- informatics. Pre-clinical toxicity assessment, Clinical trial phases and design, 

clinical data management, concept of Pharmaco vigilance 

  

Module: 2 Impact of Omics in Drug Discovery 7 Hours 

Genomics: Genome Annotation, Genome Assembly, Structural and Functional Genomics. 

Comparative Genomics, Microarray: technique, Design, Analysis, Drug target identification. 

pharmacogenomics in preclinical and clinical development of drugs 

Module: 3 
Pharmacokinetics and Pharmacodynamics of 

Biopharmaceuticals  
7 Hours 

Definition, rationales, absorption, distribution and metabolism pathway, Elimination. 

Factors governing absorption of drug. Pharmacokinetics and Pharmacodynamics of 

therapeutic peptides. Dose response relationship, interspecies scaling, and heterogeneity of 

therapeutic proteins. Chemical modification of therapeutic proteins. 

Module: 4 Immunotherapeutic & Immunodiagnostics  7 Hours 

Overview of antibody based therapeutics, biologics for autoimmunity and inflammation, 

vaccine- adjuvant technology, genetically engineered vaccines. Principles of 

immunodiagnostic assay based on solid phase system: Malarial & HIV diagnostic kits as 

case study. Fluorescent ligands and radio-isotope tracers, principles and instrumentation for 

molecular diagnostics (Time resolved fluorescence immunoassay, light scattering 

principles), PCR and nucleic acid based diagnostics, imaging techniques. 

Module: 5 Biopharmaceuticals Based Delivery Systems 7 Hours 

Novel drug delivery systems for biopharmaceuticals (rate controlled and site specific), 

Nanotechnology based miniaturization of biopharmaceuticals and therapeutics, peptides for 

intracellular targeting, delivery of nucleic acids and therapeutic peptides, concept of 

responsive or smart drug delivery system. 

Module: 6 Formulation of Biopharmaceuticals         7 Hours 

Rational for formulation of biotherapeutics, formulation recipients: solubility enhancers, 

anti-aggregating agents, buffers, cryoprotectants, antioxidants and preservatives etc 

significance with relevant examples. Methods to enhance shelf life protein based 

therapeutics. Packaging techniques and quality analysis of product. 

Total Lectures 45 Hours 

Text Books 

1 
Walsh, G. (2013). Biopharmaceuticals: Biochemistry and Biotechnology, 2nd Edition, 

John Wiley & Sons, Inc. 

2 
Ho, R. J. Y. (2013), Pharmaceutical Biotechnology, 2nd Edition, Taylor & Francis 

Group. 

Reference Books 

1 
Walsh, G. (2007). Pharmaceutical Biotechnology: Concepts and Applications. John 

Wiley & Sons, Inc. 

2 
Kayser, O. & Warzecha, H. (2012). Pharmaceutical Biotechnology: Drug Discovery and 

Clinical Applications, 2nd Edition. John Wiley & Sons, Inc. 

3 
Ho, R.J. (2013). Biotechnology and Biopharmaceuticals: Transforming Proteins and 

Genes into Drugs, 2ndEdition, John Wiley & Sons, Inc. 

4 Fahr, A. (2018). Voigt's pharmaceutical technology. John Wiley & Sons. 
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5 
Patra, J. K., Shukla, A. C. & Das, G. (2020). Advances in pharmaceutical biotechnology. 

Recent progress and future applications. 
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Course 

Code Stem Cell Therapeutics 
L T P C 

24BT3012 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Analyse the types, mechanism and differentiation of stem cells. 

2. Assess the impact of Stem Cell therapy in health care system. 

3. Apply the ethical and regulatory frameworks in stem cell research and therapy. 

Course Outcomes: 

The students will be able to: 

1. Demonstrate a comprehensive understanding of the biology of stem cells 

2. Evaluate their types, mechanisms of differentiation 

3. Distinguish the types of stem cells, their development, and function. 

4. Evaluate the process of stem cell isolation and maintenance. 

5. Analyse and interpret scientific literature and data related to stem cell research and 

therapeutics 

6. Assess the ethical and regulatory frameworks for governing stem cell research and 

therapy 

Module: 

1 
Culturing Cells in the Laboratory  

12 

Hours 

Overview of Stem Cells. Introduction to Cell Culture. Pros & Cons of Cell culture. Primary and 

Secondary cultures. Hayflick’s limit. Telomere shortening and apoptosis. Telomerase and 

apoptosis prevention. Cell lines- definition. Cell lines- methods. Tumorogenic and Non-

Tumorogenic cell lines. Aseptic Technique. Cell culture Lab equipment & etiquette. 

Module: 

2 
Stem cell-Types 8 Hours 

Introduction to stem cell therapeutics. Types of Stem Cells. Embryonic stem cells. Adult Stem 

cells. Pluripotent Stem Cells. Multipotent stem cells. Oligopotent cells. Unipotent Cells. 

Induced Pluripotent Stem Cells. Symmetry during cell division in Stem cells. 

Module: 

3 
Location, Nature & culturing of stem cells 

15 

Hours 

Stem Cell Niche. Factors that influence stem cell fates in the niche. Conserved components of 

stem cell niche. Transit amplifying cells. Isolation of Stem Cells. Growth factors. Cord cells. 

Derivation & differentiation of ES Cells. Derivation & differentiation of Pluripotent Cells. 

Induced Pluripotent cell – Methods. Genetic reprogramming. Epigenetic reprogramming. 

Challenges in induced pluripotency. Teratomas. Transdifferentiation. Drug induced 

Transdiffentiation. Mogrify algorithm. 

Module: 

4 
Applications of Stem cell Technology 5 Hours 

Application of stem cells in disorders of nervous system. Stem cells of the skin - Wound healing 

& cosmetics. Application of Stem cells in Cancer. Application of stem cells in autoimmune 

disorders. Application of stem cells in vascular biology. 

Module: 

5 
Stem cell in tissue engineering & Regenerative medicine 

10 

Hours 
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Stem cells and 3D culture. Scaffolds - types & topology. Scaffolds - effect on tissues and 

immunogenicity. Tissue regeneration. Angiogenesis. Organ generation. Organoids. Organ on 

Chip, Body on Chip. 

Module: 

6 
Ethical Implications of Stem cell therapeutics. 

10 

Hours 

Benefits, Problems and perspectives of stem cell therapy. Beginning of human life, legal, 

scientific, ethical, Religio-spiritual explanations. Treating infertility, multiple parents,  

Somatic Cell Nuclear Transfer & Human cloning. Extinction prevention. Stem cell fraud. Stem 

cells and meat production. Alternatives to stem cells. Deeper concerns in stem cell technology 

- Ageing, Longevity, Immortality. 

Total Lectures 
60 

Hours 

Text Books 

1 Lanza, R. (2013). Handbook of Stem Cells, Second edition, Academic press.  

2 
Totey, S., & Deb, K. D. (2010). Stem Cell Technologies: Basics and Applications. McGraw 

Hill Professional. 

Reference Books 

1 Knoepfler, P. (2013). Stem cells: an insider's guide. World Scientific. 

2 
Lanza, R., Gearhart, J., Hogan, B., Melton, D., Pedersen, R., Thomas, E. D., & Thomson, 

J. A. (Eds.). (2005). Essentials of stem cell biology. Elsevier. 

3 
Totey, S., & Deb, K. D. (2010). Stem Cell Technologies: Basics and Applications. McGraw 

Hill Professional. 

4 
Warburton, D. (2014). Stem Cells, Tissue Engineering and Regenerative Medicine, World 

Scientific. 

5 
Berardi, A. C. (2018). Extracellular Matrix for Tissue Engineering and Biomaterials, 

Humana Press. 
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Course 

Code Nanobiotechnology 
L T P C 

24BT3013 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Apply the concepts and fundamentals of nanotechnology  

2. Analyse the synthesis and characterization methods for nanomaterials  

3. Assess the risks involved in nanomaterial applications and their environmental 

impact. 

Course Outcomes: 

The students will be able to: 

1. Apply the principles of nanotechnology in biomedical sector. 

2. Evaluate various synthesis and characterization techniques. 

3. Design suitable nano-materials and nano-biomaterials for various applications. 

4. Analyse nanoelectromechanical systems and microfluidic devices for biological 

applications 

5. Assess the application of nano-materials in agriculture, food processing, and 

biomedical fields. 

6. Evaluate the toxicity and environmental impact associated with nanomaterials 

Module: 1 Fundamentals of Nanoscience and Engineering  7 Hours 
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Introduction to nanotechnology, Classification of nano-materials based on shape, geometry, 

chemical nature. Approaches of Fabrication: Top Down and Bottom-up methods of 

nanofabrication and Nanosynthesis, Biosynthesis of Nanoparticles, Microbial Nanoparticle 

production. Characterization of nanomaterials using spectroscopic (UV-Vis, FTIR and 

Raman) and microscopic methods (SEM, TEM, STM and AFM).   

Module: 2 Nanobiomaterials  8 Hours 

Self-assembly, Function and application of DNA, and Protein based Nano structures, DNA 

origami, and lipid and glyco nanotechnoloy, Bionanomaterials in Nature: Lotus leaf as a 

model self-cleansing system. Gecko foot as a case study for biological generation of adhesive 

forces. Diatoms as an example for silicon biomineralization. Mussel inspired nanofiber for 

tissue engineering. 

Module: 3 Nano Electromechanical systems and Microfluidics  7 Hours 

NEMS: Definition, principles, and characteristics, Nanolithography techniques for 

fabrication, NEMS based point-of-care diagnostics, NEMS based drug delivery, Nano 

sensors: Types and application: Electronic nose and electronic tongue, magnetic Nano 

sensors. mechanical Nano sensors: Cantilever Nano sensors, Introduction to microfluidics: 

Laminar flow, Special considerations of flow in small channels, lab on a chip technology, 

Microfluidic systems for sample preparation, handling, and analysis, Point-of-care 

diagnostics on chip platforms. 

  

Module: 4 Nanomaterials in Agriculture and Environment 8 Hours 

Application of different nanoparticles in Agriculture- , Benefits, Nanotechnology in animal 

production, nano materials in food processing and preservation,  

Nano Remediation Technology - Thermal, Physico, Chemical and Biological Methods. 

Nano Filtration for the Treatment of Wastes, Removal of Organics, Inorganics and 

Pathogens. Nanotechnology for Water Purification. 

 

Module: 5 Medical Nanobiotechnology 7 Hours 

Nanomaterials in Diagnostics, therapeutics, Tissue Engineering. Drug Delivery 

Applications, types of nanocarriers Bioavailability, Sustained and targeted release. Use of 

Microneedles and nanoparticles for targeted and highly controlled drug delivery. Design of 

nanoparticles for oral delivery of peptide drugs. 

 

Module: 6 Nano Safety Issues  8 Hours 

Nanotoxicity assessment: In-vitro laboratory tests on the interaction of nanoparticles with 

cells. Nanotoxicology: Toxicology health effects caused by Nanoparticles, Ethics, 

Challenges and Future. 

Total Lectures 45 Hours 

Text Books 

1 Niemeyer, C. M., & Mirkin, C. A. (Eds.). (2004). Nanobiotechnology: concepts, 

applications and perspectives (Vol. 1). John Wiley & Sons. ISBN: 9783527306589 

2 Rauta, P. R., Mohanta, Y. K., & Nayak, D. (Eds.). (2019). Nanotechnology in biology 

and medicine: research advancements & future perspectives. CRC Press. ISBN: 978-0-

367-20050-3. 

Reference Books 

1 Ramsden, J. (2016). Nanotechnology: an introduction. Elsevier. ISBN:978-0-323-

39311-9 

2 Jafarizadeh-Malmiri, H., Sayyar, Z., Anarjan, N., & Berenjian, A. 

(2019). Nanobiotechnology in food: Concepts, applications and perspectives. Berlin, 

Germany: Springer. ISBN: 978-3-030-05845-6 
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3 Mirkin, C. A., & Niemeyer, C. M. (Eds.). (2007). Nanobiotechnology II: more concepts 

and applications. John Wiley & Sons.ISBN:978-3-527-31673-1. 

4 Saxena, J., Singh, A., & Jyoti, A. (Eds.). (2023). Nanobiotechnology: principles and 

applications. Bentham Science Publishers. ISBN: 9789815123579 

5 Ramsden, J. (2008). Essentials of nanotechnology. Book Boon. ISBN: 978 87 7681 418 

2. 
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Course 

Code Advanced Environmental Biotechnology 
L T P C 

24BT3014 3 0 0 3 

Course Objectives: 

Enable the students to: 

1. Analyse environmental problems and find solutions through innovations. 

2. Develop bioreactors and biotreatment methods of industrial wastewater. 

3. Evaluate novel technologies for remediation of environmental pollution. 

Course Outcomes: 

The students will be able to: 

1. Develop an awareness of professional responsibility towards protecting the 

environment. 

2. Analyse environmental issues involved in engineering and resource projects. 

3. Evaluate the natural and engineered bio-treatment methods to remediate pollutants. 

4. Design treatment methods and create awareness about opportunities in 

environmental management. 

5. Assess future challenges for bioremediation and biodegradation processes. 

6. Evaluate opportunities for incorporating environmental quality into products, 

processes, and projects. 

Module: 1 Environmental Pollution 8 Hours 

Air pollution- natural and anthropogenic sources of pollution, transport and diffusion of 

pollutants; Methods of monitoring and control of air pollution, SO2, NOx, CO, suspended 

particulate matter; Water pollution – Types, sources and consequences of water pollution; 

Soil pollution- analysis of soil quality; Industrial waste effluents and heavy metals and their 

interactions with soil components; Marine pollution - sources of marine pollution and its 

control; Effects of pollutants on human beings, plants, animals and climate.  

Module: 2 Bioreactors for Wastewater Treatment 8 Hours 

Design and evaluation of suspended growth reactors, Activated sludge, Biological nutrient 

removal, Bio filtration, Aerobic digestion, Anaerobic processes and lagoons; Design and 

evaluation of attached growth reactors, Trickling filter, Rotating Biological Contactor, 

Fluidized bed biological reactors, Up flow anaerobic sludge blanket reactor, Hybrid reactor, 

Sequential batch reactor; Techniques for evaluating kinetics and stoichiometric parameters. 

Module: 3 Biotreatment of Industrial Wastewater  7 Hours 

Wastewater treatment of effluents from dye, tannery, dairy and food industries; Wastewater 

treatment of effluents from pharmaceutical, distilleries, polymer, electrochemical industries; 

Wastewater treatment of effluents from explosive, pesticide and petrochemical industries; 

Treatment of industrial gaseous pollutants and Vocs; Medical waste and solid waste 

management. 

Module: 4 Bioremediation and Biodegradation  8 Hours 
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In situ, ex situ and engineered bioremediation; Microbial interaction with metallic elements, 

metal toxicity, molecular mechanism of metal resistance and metal extraction; 

Biodegradation of xenobiotic compounds (Lignin, Hydrocarbons, Detergents, Dyes and 

pesticides). Methods and strategies of application (biostimulation, bioaugmentation) – 

examples; Bioremediation of metals (Cr, As, Se, Hg), radionuclides (U, Te), organic 

pollutants (PAHs, PCBs, Pesticides, TNT etc.); Technological aspects of bioremediation (in 

situ, ex situ); Application of bacteria and fungi in bioremediation: White rot fungi vs 

specialized degrading bacteria; Phytoremediation.  

Module: 5 Biomass and Biofuels  7 Hours 

Industrial processes involved for the production of Biofuels: Biogas; bioethanol; biodiesel; 

biohydrogen, Microbiologically enhanced oil recovery (MEOR); Bioleaching of metals; 

Production of bioplastics; Production of biosurfactants: bioemulsifiers; Paper production: 

use of xylanases and white rot fungi.  

Module: 6 Novel Biotechnology Methods for Pollution Control  7 Hours 

Application of nanobiotechnology in environment: microplastics, nanoplastics, 

Vermitechnology; Genomic tools in bioremediation; Aerobiotechnology; Development of 

biodegradable and ecofriendly products; Biosensor; Quorum sensing; Biotechnology in 

reduction of CO2 emission.  

Total Lectures 
45 

Hours 

Text Books 

1 
Metcalf & Eddy, (2013). Waste Water Engineering Treatment, Disposal and Reuse, 

McGraw Hill, ISBN: 9780071008242. 

2 
Prescott, Harley & Klein, (2014). Microbiology, McGraw Hill, ISBN: 

9780072951752. 

Reference Books 

1 
Jogdand, S.N. (2012). Environmental Biotechnology. Himalaya Publishing House, 

New Delhi. ISBN: 

2 

Rao, M. N., Sultana, R., & Kota, S. H. (2016). Solid and hazardous waste 

management: science and engineering. Butterworth-Heinemann. ISBN: 

9780128098769. 

3 
Sanchez, G., & Hernandez, E. (Eds.). (2023). Environmental biotechnology and 

cleaner bioprocesses. CRC Press. ISBN: 9781000938692. 

4 

Sangeetha, J., Thangadurai, D., David, M., & Abdullah, M. A. (Eds.). 

(2016). Environmental Biotechnology: Biodegradation, Bioremediation, and 

Bioconversion of Xenobiotics for Sustainable Development. CRC Press. ISBN: 

9781315342054. 

5 
Thakur, I. S. (2011). Environmental Biotechnology: Basic Concepts and Applications, 

2/e. IK International Pvt Ltd. ISBN: 9789380578477. 
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