
 

Course title: Molecular and Cellular Physiology 

Course code: UBT 104 No. of credits: 3 L-T-P: 45-0-0 Learning hours: 45 

Pre-requisite course code and title (if any): Class 12 or equivalent in Science 

Department: Department of Biotechnology 

Course coordinator: Prof. Shashi Bhushan 
Tripathi 

Course instructor: Prof. Shashi Bhushan Tripathi,  

Dr. Nidhi Gupta, Dr. Udita Mukherjee 

Contact details: shashi.tripathi@terisas.ac.in 

Course type: Major Course offered in: Semester 2 of FYUP/FYIPP 

Course description: 

The course aims to provide students with fundamental concepts of cellular structure, organization, and function 
while introducing them to the molecular basis of physiological processes in plants, animals, and microbes. 
Understanding the molecular physiology of living systems is essential for comprehending how cells sense, 
respond, and adapt to internal and external cues. 

This course will explore the organization of biological membranes and cytoskeletal systems, along with the 
molecular mechanisms of growth, division and metabolism. It will further emphasize the bioenergetics and 
regulation of key metabolic pathways that sustain cellular life. Through this integrated framework, students will 
gain a comprehensive understanding of how molecular and cellular processes coordinate to maintain 
homeostasis and physiological balance across biological systems. 

Course objectives: 

1. To familiarize students with the structural and functional organization of cells. 
2. To introduce the molecular mechanisms governing cellular growth, division and regulation. 
3.  To explain the physiological and metabolic processes in plants, animals and microbes at the cellular 

level 
4. To provide an understanding of bioenergetics and metabolic regulation, emphasizing their integration in 

maintaining homeostasis and in biotechnological applications 

Course contents 

Module  Topic L T P 

1 Module 1: Plant cellular organization and physiology 

1.1 Structural organization and function of plant cell, morphogenesis and 
organogenesis in plants, programmed cell death, senescence 

7   

1.2 Water movement in plant, transpiration, photosynthesis, respiration and 
photorespiration, glyoxylate cycle, nitrogen metabolism, physiological effects and 
mechanisms of action of plant hormones, photoreceptors, photoperiodism. 
Applications in research and human benefits. 

8   

2 Module 2 Animal cellular organization and physiology 

2.1 Membrane models, chemical composition of membrane, membrane proteins, 
movement of small and large molecules across the cell membrane, osmosis, 
diffusion, endocytosis, phagocytosis, artificial liposomes and its application, ion 
pumps. Applications in research and human benefits. 

7   

2.2 Cytoskeleton: Structure, organization and function of microtubules and 
microfilaments, role of myosin, kinesin and dynein, cell movements, cell-cell 
adhesion, cell polarity, G protein coupled receptors, receptor tyrosine kinases, 
second messengers. Techniques used to study the pathways and their 
applications in research and industries. 

8   

3 Module 3: Microbial physiology 



3.1. Measurement of growth, physiology, cell division, growth yields, growth 
kinetics, steady-state growth and continuous growth. Solute Transport: 
Introduction, simple and facilitated diffusion, kinetics, primary and secondary 
transport. Membrane transport proteins: porins and aquaporins, 
mechanosensitive channels, ABC transporter, group translocation PEP-PTS 
system. Catabolite repression, inducer exclusion and expulsion.  Techniques to 
identify and study the pathways 

15   

 Total 45 0 0 

Evaluation criteria: 

1. Minor test: Mid-semester (40%) 

2. Major exam: End-Semester (60%) 

Learning outcomes: 

1. Understanding of the structural and functional organization of cells and their organelles. 

2. Knowledge of molecular mechanisms underlying cell growth, division, signalling, and regulation. 

3. Comprehension of physiological and metabolic pathways and their bioenergetic principles in plants, 
animals, and microbes. 

4. Ability to integrate molecular and physiological concepts toward biotechnological and research 
applications 

5. Knowledge gained shall help students to pursue their future academics and research (both applied and 
basic) careers 

Pedagogical Approach: 

1. Online/classroom lectures and discussions 
2. Case studies and examples from original research articles 

Skill Set: 

1. Knowledge of analysing and interpreting molecular and physiological principles and concepts, and to 
apply these principles in further studies. 

Employability: 

1. The course provides foundational knowledge and practical skills in molecular, and physiological 
processes, enabling employment in academia, R&D labs, biotech and agro-industries at entry-level 
positions. 

Materials: 

Suggested Readings 

1. Alberts, B. et al. (2022). Molecular Biology of the Cell. 7th Edition, Garland Science. 
2. Nelson, D. L., & Cox, M. M. (2023). Lehninger Principles of Biochemistry. 9th Edition, W. H. Freeman. 
3. Taiz, L., Zeiger, E., Møller, I. M., & Murphy, A. (2023). Plant Physiology and Development. 7th Edition, 

Sinauer Associates. 
4.  Karp, G. (2021). Cell and Molecular Biology: Concepts and Experiments. 9th Edition, Wiley. 

Additional information (if any): 

Student responsibilities: 

1. Class attendance. 
2. Study of reading materials as specified by course instructor 
3. Self-study 
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Department of Physiology, 
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2. Dr. Vijay Kumar Prajapati 
Associate Professor, 
Department of Biochemistry 
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