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1. Introduction 

 

M.Sc., Computational Biology is an interdisciplinary program involving various areas in 

Biology, Biotechnology, Computational Methods, Mathematical Methods and Chemistry. With 

the true spirit of interdisciplinary program, this course is offered with the involvement and 

collective efforts from multiple Schools of Madurai Kamaraj University with the very 

experienced faculty heavily engaged in cutting edge research investigations in various aspects of 

computational biology. The duration of the M.Sc. Computational Biology programme is two 

years and the syllabus is divided into four semesters. 

 

2. Eligibility for admission 

 

Bachelor's degree in any relevant area of Life Sciences/ Zoology / Botany / Microbiology / 

Biochemistry / Biotechnology / Mathematics / Physical Science / Chemical Science / Computer 

Science / BE / B.Tech / M.B.B.S. with evidence of Maths at +2 level. 

 Candidates should have secured at least 55% marks in the above degree. 

 A relaxation is permitted for the admission for SC/ST/Physically Challenged candidates as 

per the norms of the CBCS guidelines of University and Tamil Nadu Government. 

 

Duration of the course 

 The students will undergo the prescribed course of study for a period of two academic 

years under semester pattern (Four semesters) 

 Medium of Instruction: English 

 

3. Objectives of the programme 

This course is designed as lab training and research oriented course and students will get 

extensive hands on training in various aspects of Computational Biology including Structural 

Biology, Molecular Biology, Biotechnology, Functional Genomics and Proteomics. The 

objectives of M.Sc. Biotechnology programme are to empower the students from the basics of 

multidisciplinary biosciences with computational skills for the benefit and welfare of the human 

society. 

4. Outcome of the Programme 

The outcome of this course would be:  

 To provide the requisite knowledge on basic skills of mathematical analysis and 

computations for various applications in biological systems 



 To instruct theoretical and practical skills for the development and implementation of 

powerful computational algorithms, for representing, analyzing and simulating life at sub-

cellular or molecular level.  

 To impart knowledge for the identification of new drug targets for developing rational 

therapeutic strategies in drug discovery. 

 To accomplish needs of the industry for the trained manpower with the specialized skills 

on computational tools. 

 

5. Core subject Papers 

 

I Semester 

S.No Code  Subject Credits Scheme of Exam 

Ext Int Total 

01 CBIO11C Cell and Molecular Biology 3 75 25 100 

02 CBIO12C Biochemistry 3 75 25 100 

03 CBIO13C Probability and Statistics 3 75 25 100 

04 CBIO14C Communication Skills in Science 

and Technology 
3 75 25 100 

05 CBIO15C Analytical Methods in 

Biotechnology 
3 75 25 100 

06  

CBIO16E 

CBIO17E 

Major Elective 1 

General Biology  

General Mathematics  

4 75 25 100 

Lab 

07 CBIO18C Analytical Methods in 

Biotechnology 
2 60 40 100 

08 CBIO19C Programming Language 2 60 40 100 

             Total Credits 23   800 

 

II Semester 

S.No Code Subject  Credits Scheme of Exam 

Ext Int Total 

01 CBIO21C Algorithms in Computational 

Biology 
3 75 25 100 

02 CBIO22C Sequence Analysis 3 75 25 100 

03 CBIO23C Database Management Systems 3 75 25 100 

04 CBIO24C Molecular Evolution 3 75 25 100 

05 CBIO25C Structural Biology 3 75 25 100 

06  

CBIO26E 

CBIO27E 

Major Elective 2 

Biodiversity and IPR  

Biomedical Informatics  

4 75 25 100 

Lab 



07 CBIO28C Sequence Analysis 2 60 40 100 

08 CBIO29C Programming Language 2 60 40 100 

             Total Credits 23   800 

 

III Semester 

S.No Code Subject  Credits Scheme of Exam 

Ext Int Total 

01 CBIO31C Immunology and Pharmacology 3 75 25 100 

02 CBIO32C Data Mining and Machine 

Learning 
3 75 25 100 

03 CBIO33C Advanced Programming 

Language 
3 75 25 100 

04 CBIO34C Molecular Modeling and 

Molecular dynamics 
3 75 25 100 

05  

CBIO35E 

CBIO36E 

Major Elective 3 

Genomics and Proteomics  

Molecular Transport Physiology 

4 75 25 100 

Lab 

06 CBIO37C Advanced Programming 

Language 
2 60 40 100 

07 CBIO38C Molecular Modeling and 

Molecular dynamics 
2 60 40 100 

             Total Credits 20   700 

 

IV Semester 

S.No Code Subject Credits Scheme of Exam 

Ext Int Total 

   01 CBIO41C Project work 10 75 25 100 

   02  

CBIO42E 

CBIO43E 

Major Elective 4 

Systems Biology 

Immunotechnology 

4 75 25 100 

                                              Total 

credits 

14   200 

 

Total Core Credits  64 

Total Elective Credits 16 

                              Sub Total 80 



 

 

6. Subject Elective Papers 

1. General Biology  

2. General Mathematics  

3. Biodiversity and IPR  

4. Biomedical Informatics 

5. Genomics and Proteomics  

6. Molecular Transport Physiology 

7. Systems Biology 

8. Immunotechnology 

 

7. Non-Subject Elective Papers 

 

8. Unitization 

Each subject paper is divided into five units. Each unit should be given equal importance in 

terms of teaching and examination. 

 

9. Pattern of semester exam 

The theory examination would be for three hours duration for each paper at the end the semester. 

The candidate failing in any subject (s) will be permitted to appear in the subsequent semester 

examinations. The practical examinations for PG course should be conducted at the end of the 

every semester 

 

Course Structure: 

The course is organized on semester basis with a total of four semesters. A candidate has to study 

90 credits to qualify for the degree. 

Transitory provision:  

Transitory provision for the existing syllabus is up to May 2021. 

 

10. Scheme of internal assessment 

For the PG courses, the internal assessment marks will be as follows. 

Test     : 10 Marks (Average of the best two tests) 

Assignment    : 5 Marks 

Seminar / Group Discussion  : 5 Marks 

Peer-team Teaching   : 5 Marks 

Total     : 25 Marks 

 

Soft Course Credit 10 

                        Overall Total 90 



11. External Exam 

Guidelines for the Pass minimum: 

To get a pass, a student should fulfill the following conditions: 

a) Theory: 

i) 50% of the aggregated (Internal +External) 

ii) No separate pass minimum for Internal 

iii) 34 marks out of 75 is the pass minimum for the External 

b) Practical 

i) 50% of the aggregated (Internal +External) 

ii) No separate pass minimum for Internal 

iii) 27 marks out of 60 is the pass minimum for the External 

 

Candidates who have secured 60% and above in aggregates of the Part III will be given First 

class; Candidates who have secured 60% and above but not less than 50% will be given Second 

class; Candidates who have secured 40% and above but below 50% will be given a Third class. 

Ranking will be made for the candidates who have necessarily completed the course without any 

arrears in each semester and scored the maximum total in the Part III be given the First Rank.  

 

12. Question Paper Pattern   

 

Time : 3 Hours Section A: (10 x 1 = 10 marks)  Max. Marks : 75 

 

Question No. 1 to 10 (Multiple choice or Objective type) 

1. Two questions from each unit  

2. Four Choices in each question. One mark objective questions are also acceptable. 

3. No ‘none of the above’ choice 

 

 

Section B: (5 x 7 = 35 marks) 

Answer all questions choosing either (a) or (b) 

Answers not exceeding one page 

(One question from each unit)  

11 (a)    or 11 (b) 

12 (a)    or 12 (b) 

13 (a)    or  13 (b) 

14 (a)    or 14 (b) 

15 (a)    or  15 (b) 

 

Section C: (3 x 10 = 30 marks) 



Questions 16 – 20, Answers not exceeding four pages 

Answer any three out of five (one question from each unit) 

 

 

Course of study (Table) 

13. Scheme of evaluation 

 

1. The pattern for internal valuation may be : two tests – 15 marks 

each: average 15 marks (Average of the two) 

2. Group discussions/Seminar/Quiz – 5 marks 

3. 2 Assignments: 5 marks each: average 5 marks 

4. 3rd
 test may be allowed for absentees of any one of the two tests. 

5. If quiz is opted, 2 Quiz should be conducted. 

 

 

14. Passing minimum 

 

PG: Passing minimum – 50% (aggregate). 

No pass minimum for internal 34/75 is the minimum in External. 

   

 

 

 

 

  

 



Semester I 

Core- CBIO11C - Cell and Molecular Biology 

 

Unit 1  

Cell organization and composition - Structural organization of prokaryotic and eukaryotic 

cells- Concept of a composite cell and Molecular composition of cells. Biomembranes- Structure 

Models of a plasma membrane, Membrane permeability- Transport across cell membranes- 

Transmembrane signals- Artificial membranes- liposome. 

 

Unit 2  

Mitochondrial Structure and Function – Ultrastructure of Mitochondria, Oxidative 

Metabolism in the Mitochondrion –The Role of Mitochondria in the formation of ATP – The 

Machinery for ATP formation – Peroxisomes. 

 

Unit 3  

Chloroplast structure and function – An overview of photosynthetic metabolism – The 

absorption of light – Photosynthetic units and reaction centers – Photophosphorylation – Carbon 

dioxide fixation and the synthesis of carbohydrates. 

 

Unit 4  

Cellular Components – Cytoskeleton – components of Cytoskeleton, Microtubules, 

Intermediate filaments – Microfilaments, Cell cycle, Endoplasmic reticulum, Golgi complex, 

Types of vesicles - transport and their functions, Lysosomes. Nucleus – Internal organization, 

Nuclear pore complex, Nucleosomes, Chromatin. 

 

Unit 5 

DNA and Protein Synthesis - Structure of DNA - evidence for DNA as genetic material. Gene 

transfer in microorganisms – conjugation, transformation, transduction – protoplasmic fusion. 

The genomes of bacteria, viruses, plasmids. DNA Structural organization – DNA replication, 

Transcription – mRNA processing, Translation. Protein synthesis – Ribosomes, enzymes, Protein 

processing, Introduction to the methods of DNA sequencing 

 

Text Book: 

1. Cell and Molecular Biology – Concepts and Experiments by Gerald Karp, 2008, Wiley 

International Student Version. 

 

Reference Books: 

1. Genes VIII (8th Ed.) by Lewin, B, 2004, Pearson Education International. 

 

2. Cell and Molecular Biology by De Robertes and De Robertis, 2002, Saunders College, 

Philadelphia, USA. 



Semester I 

Core-CBIO12C – Biochemistry 

Unit 1  

Overview of metabolism, high energy compounds, oxidation-reduction reactions, experimental 

approaches to the study of metabolism, the reactions of glycolysis, fermentation, the anaerobic 

fate of pyruvate, control of glycolysis, metabolism of hexoses other than glucose. The pentose 

phosphate pathway, glycogen breakdown and synthesis, control of glycogen metabolism, 

gluconeogenesis and other carbohydrate biosynthetic pathways. 

 

Unit 2  

Overview of citric acid cycle, Synthesis of acetyl coenzyme A, enzymes of the citric acid cycle, 

regulation of the citric acid cycle, reactions related to the citric acid cycle, protein degradation, 

amino acid deamination, the urea cycle, breakdown of amino acids, amino acid biosynthesis, 

heme biosynthesis and degradation, chemical synthesis of peptides, oligonucleotides and 

oligosaccharides. 

 

Unit 3  

Lipid digestion, adsorption and transport, fatty acid oxidation, ketone bodies, fatty acid 

biosynthesis, regulation of fatty acid metabolism. Lipid bilayers and membranes. 

 

Unit 4  

The mitochondrion, electron transport, oxidative phosphorylation, control of oxidative 

metabolism, chloroplast, the light reactions, the dark reactions, photorespiration. 

 

Unit 5  

Synthesis of purine ribonucleotides, synthesis of pyrimidine ribonucleotides, formation of 

Deoxyribonucleotides, nucleotide degradation integration and regulation of mammalian fuel 

metabolism. 

 

Reference Books: 

1. Biochemistry (3rd Ed.) by Voet and Voet, 2004, Wiley ISBN: 978-0-471-19350-0. 

2. Principles of Biochemistry (5th Ed) by Nelson and Cox, Lehninger, 2009, W H 

Freeman & Co ISBN: 978-0-716-77108-1 

3. Biochemistry (6th Ed.) by Berg, tymoczko & Stryer, 2007, W.H.Freeman and Co 

New York. 

4. Principles of Biochemistry (4th Ed.) by Horto, Moran, Scimgeor, Perry and Rawn, 

2006, Perason Education Institutional. 

 



 

 
 

 

 

 



 

 
 

 

 

 

 



 

 
 

 

 

 



 

 
 

 

 

 



 

 
 

 

 

 

 



 

 
 

 

 

 

 



 

 
 

 

 



 

 
 

 

 



 

 
 

 

 



 

 
 

 



 

 
 

 



 

 
 

 

 

 



 

 
 

 

 



 

 
 

 

 



 

 
 

 

 

 

 



 

 
 

 

 

 



 

 
 

 

 

 



 

 
 

 

 

 



 

 
 

 

 

 



 

 
 

 



 

 
 

 

 



Semester III 

Elective-CBIO36E – Molecular Transport Physiology 

Unit I: 

Membrane components and structures; membrane transport – diffusion, osmosis, passive & 

active transport. Endocytosis & Exocytosis. 

 

Unit II: 

Transport across biological membranes – active transport, career proteins, Na+ Ka+ pump, 

ATPase, ABC transporters, Ion channels. 

 

Unit III: 

Interaction and regulation of cell signaling pathways: Protein Kinases: cAMP-dependent Protein 

Kinase; Serine/Threonine Phosphatases; Protein Kinase C; Calcium/Calmodulin-dependent 

Protein Kinase. 

 

Unit IV: 

Computational analysis of transport proteins; Structure and dynamics of motor proteins; 

Vesicular trafficking. 

 

Unit V: 

Molecular transport physiology of nutrients under pathological processes. 

 

 

Reference Books 

1. Cell biology and membrane transport processes by Michael Caplan. Current topics in 

membranes V41, 1994. Academic Press, Inc. California, USA.  

2. Molecular Biology of the Cell, 4th edition. Bruce Alberts, Alexander Johnson, Julian Lewis, 

Martin Raff, Keith Roberts, and Peter Walter. New York, 2002. 

3. Molecular biology of membrane transport disorders By Stanley G Schultz, Thomas E. 

Andreoli, Arthur M. Brown, Douglas M. Fambrough, Joseph F. Hoffman and Michael J. 

Welsh, 1980. 

4. Biochemistry of Signal Transduction and regulation. 4
th

 edition. Gerhard Krauss. Wiley-VCH 

Verlag GmbH & Co, 2008. 

 

 

 

 

 

 



 
 

 

 



 
 

 

 

 



Semester – IV 

CBIO 41C - Project 

The course is designed to result in the satisfactory completion and defense of the Masters 

dissertation. 

 

This process includes 

a) the conceptualization of the independent research that will comprise the dissertation, 

b) the preparation of and satisfactory defense of the dissertation proposal, 

c) the collection, analysis, and interpretation of data, 

d) presentation of findings in the dissertation format, and 

e) oral defense of the dissertation. 

 

Dissertation activity must be completed within prescribed time frame for the semester. 

 



Semester IV 

Elective-CBIO42E - Systems Biology 

Unit 1  

Introduction: Systems Biology Networks- basics of computer networks, Biological uses and Integration. 

Microarray – definition, Applications of Micro Arrays in systems biology. Self-organizing maps and 

Connectivity maps - definition and its uses. Networks and Pathways – Types and methods. Metabolic 

networks. 

 

Unit 2 

Simulation of pathways: Whole cell: Principle and levels of simulation – Virtual Erythrocytes. 

Pathological analysis. Flux Balance Analysis. Biochemical metabolic pathways, Metabolomics and 

enzymes. Interconnection of pathways, metabolic regulation. Translating biochemical networks into 

linear algebra. Cellular models. 

Networks and Motifs: Gene Networks: basic concepts, computational models. Lambda receptor and lac 

operon as an example - all types of networks and its uses. 

 

Unit 3  

Signalling & Experimental methods in systems biology: slow and auto–regulation The coherent FFL- 

temporal order, FIFO, DOR, Global, Development, memory and irreversibility- signaling networks and 

neuron circuits-robust adaptation–any model. 

Robustness and optimality in Biology: model and integral feedback-signaling/bifunctional enzymes. 

Perfect robustness- Role and its measurement. Linking models and measurement, concepts, calibration 

and identification, data Vs meta data. 

 

Unit 4  

Design of Circuits and Databases: Introduction- databases KEGG, EMP, MetaCyc, AraCyc etc., 

Expression databases and various databases related to systems biology. Optional design of gene circuits I- 

cost and benefit: gene circuits II- selection of regulation. Stochasticity in gene expression. 

 

Unit 5 

Synthetic Biology: 

Introduction, definition and Basics, Synthetic Oligonucleotide/DNA-based, RNA-based, Peptide-based 

and polyketide Technologies and Applications, Technologies and Applications of Directed Evolution and 

Microbial Engineering, Potential Hazards of Synthetic Biology. 

 

Text Books: 

1. Systems Biology: Definitions and perspectives by L.Alberghina H.V.westerhoff, 2005, Springer. 

2. Synthetic Biology, A New Paradigm for Biological Discovery, a report by Beachhead Consulting, 

2006. 

Reference Books: 

1. Computational systems biology by A.Kriete, R.Eils, 2005, Academic press. 

2. Systems Biology in practice: Concepts, Implementation and applications by E.Klipp R.Herwig, 

A.Kowlad, C.Wierling and H.Lehrach, 2005, Wiley InterScience. 

3. Systems Biology and Synthetic Biology by Pengcheng Fu, Sven Panke, 2009, Wiley 

InterScience 



Semester IV 

Elective-CBIO43E – Immunotechnology 

Unit -I 

Antigen recognition by B and T cell development.  Innate immunity and hunoral and cell 

mediated immunity. Immune response to infection.  Th1 and Th2 paradigm.  Cytokines in 

immunity. 

Unit -II 

Genetic control of immune response. HLA typing. MHC associated predisposition to disease.   

Unit -III 

Principles and strategies for developing vaccines.  Newer methods if vaccine development.  T-

cell vaccines.  Immunodiagnostics of diseases. 

Unit -IV 

Hybridoma technology and monoclonal antibody production.  Application of monoclonal 

antibodies and their uses.   

Unit -V 

Immune system in health and disease.  Tumor immunology.  Transplantation. 

 References: 

1. Antibody Engineering, B.K.C. Lo, Humana Press. 

2. Immunobiology, Janeway et al.  Current biology publications. 

3. Fundamental Immunology, Paul.  Lippincott Raven 

4. Monoclonal Antibodies. Goding, Academic Press. 

5. Immunology. Kuby 6
th

 Edison. 

 


