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Syllabus Structure (Admission Batch: 2023-24)
School/Department: Biotechnology
Course: B. Tech.,	Programme: Biotechnology
Abbreviation used:
	AC
	Audit course
	LC
	Laboratory Course
	PA
	Practical Assessment

	PC
	Professional Core
	PR
	Project/ Practical/ Internship
	L
	Lecture

	PE
	Professional Elective
	SE
	Seminar/ Expert Lecture/ Etc.
	T
	Tutorial

	OE
	Open Elective
	IA*
	Internal Assessment
	P
	Practical

	MC/BS/HS
	Mandatory/ Common Course
	EA
	End-Semester Assessment
	
	

	ACC
	Advanced Competency Course

	*Internal Assessment Mark (40 marks) consists of (i) Mid Semester (20 marks), (ii) Quiz/ Assignment/Attendance (20 marks)



3rd Semester

	Sl.
No.
	Subject Type
	Subject Code
	Subject Name
	Teaching Hours
	
Credit
	Maximum Marks

	
	
	
	
	L
	T
	P
	
	IA
	EA
	PA
	Total

	1
	BS
	BH2459
	Mathematics – III
	3
	0
	0
	3
	40
	60
	-
	100

	2
	PC
	BT2101
	Cell and Molecular Biology
	3
	0
	0
	3
	40
	60
	-
	100

	3
	PC
	BT2103
	Biochemistry
	3
	0
	0
	3
	40
	60
	-
	100

	4
	PC
	BT2105
	Biostatistics
	3
	0
	0
	3
	40
	60
	-
	100

	5
	ACC
	CS2111
	Object Oriented Programming using C++
	3
	0
	0
	2
	40
	60
	-
	100

	6
	HS
	BH2437
	Organizational Behaviour
	3
	0
	0
	2
	40
	60
	-
	100

	7
	LC
	BT2501
	Biosafety, Bioethics and Biostatistics Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	8
	LC
	BT2503
	Biochemistry Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	9
	LC
	BT2505
	Cell and Molecular Biology Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	10
	ACC
	CS2511
	Object Oriented Programming using C++ Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	Total
	18
	0
	12
	22
	240
	360
	400
	1000



4th Semester

	Sl.
No.
	Subject Type
	Subject Code
	Subject Name
	Teaching Hours
	
Credit
	Maximum Marks

	
	
	
	
	L
	T
	P
	
	IA
	EA
	PA
	Total

	1
	PC
	BT2102
	Microbiology
	3
	0
	0
	3
	40
	60
	-
	100

	2
	PC
	BT2104
	Genetics and Genetic Engineering
	3
	0
	0
	3
	40
	60
	-
	100

	3
	PC
	BT2106
	Bioenergetics and Thermodynamics
	3
	0
	0
	3
	40
	60
	-
	100

	4
	PC
	[bookmark: _Hlk183530611]BT2108
	Bioanalytical Tools and Techniques
	3
	0
	0
	3
	40
	60
	-
	100

	5
	ACC
	CS2114
	Introduction to Artificial Intelligence and Machine Learning
	3
	0
	0
	2
	40
	60
	-
	100

	6
	HS
	BH2439
	Engineering Economics
	3
	0
	0
	2
	40
	60
	-
	100

	7
	LC
	BT2502
	Microbiology Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	8
	LC
	BT2504
	Genetic Engineering Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	9
	LC
	BT2506
	Bioanalytical Techniques Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	10
	LC
	BT2508
	Biological and Biomimetic Materials Laboratory
	0
	0
	3
	1.5
	-
	-
	100
	100

	11
	Summer Internship and Research Experience (SIRE - I) *

	Total
	18
	0
	12
	22
	240
	360
	400
	1000



*Minimum 4 weeks of Summer Course / Training / Internship / Skill Course / etc. after 4th
Semester

[bookmark: e4332399eba85ab035efaf7691dad2b71bae1a1d]



Syllabus

3RD SEMESTER
	CELL AND MOLECULAR BIOLOGY

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2101



Prerequisites: Basic knowledge on biology
Course Outcomes:
On successful completion of this course the students should be able to:
CO1: To understand the fundamental of cellular structure, structure and function of cellular components. 
CO2: To understand and analyze mechanisms involved in cell cycle process and its regulation by apoptosis.
CO3: Demonstrate a comprehensive understanding on molecular organization of DNA and its replication processes both prokaryotes and eukaryotes. 
CO4: Demonstrate a comprehensive understanding of the mechanism involved in the cellular fundamental processes viz. transcription and translation in both prokaryotes and eukaryotes.

Module-I (Structure and Function of Cellular Components)			(8 Hours)
Introduction: Origin and evolution of cells, Cells as experimental models, Cell theory, Organization of Cell (Prokaryotic and Eukaryotic), Cell Wall & Cell Membrane, Nucleus, Endoplasmic reticulum, Golgi apparatus and Lysosomes, Mitochondria, chloroplasts, Peroxisomes, Cell Cycle, Cell Divisions- Mitosis and Meiosis, Programmed cell death, Trasport across membrane, mechanisms of protein sorting and targeting, Overview of cell signaling.
[bookmark: Module-II]
Module-II (Genome Complexity and Central Dogma)				(6 Hours)
Genome Organization, Central dogma of molecular biology, Watson- Crick model of DNA, DNA as the genetic material, Kinetics of DNA-DNA hybridization- Genome complexity, C- value Paradox, Denaturation-renaturation, Cot curve analysis, Repetitive DNA. 
DNA Replication features and essential elements; Semi-conservative DNA replication, Origins of replication in prokaryotes and eukaryotes, Enzymes of DNA replication in prokaryotes and eukaryotes (DNA polymerases), Replication factors  

Module-III (Cell Molecular Process - I)						(8 Hours)
DNA Replication Mechanism: DNA replication in prokaryotes and eukaryotes, leading strand and lagging strand synthesis, DNA proofreading.
Transcription features and essential components; RNA types- general features, prokaryotic and eukaryotic genes-regulatory elements of genes (proximal or internal, including promoter, operator, activator and enhancers). Controlling factors of Transcription, RNA polymerases of prokaryotes and eukaryotes).
[bookmark: Module-III]

Module-IV (Cell Molecular Process - II)						(8 Hours)
Transcription: Mechanism of transcriptional initiation, elongation and termination in both prokaryotes and eukaryotes. Post transcriptional m-RNA processing- Capping and poly (A) tailing, m-RNA splicing, mRNA editing. 
Translation: Genetic code, Codon & anticodon, Principle of protein synthesis, Translation machinery (Activation of t-RNA, Ribosome of prokaryotes and eukaryotes), Mechanism of Translation initiation, elongation and termination in prokaryotes and eukaryotes. Post translational modification of protein.

[bookmark: Recommended_Books]Text Books:
1. Geoffrey M. Cooper, The Cell Molecular approach, ASM press Washington D.C. Sinauer Associates. 
2. B. Lewin, Genes XII, International Edition, Pearson Education, 2017.
3. B. Alberts, A. Johnson, J. Lewis, M. Raff, K. Roberts and P. Walter, Molecular Biology of Cell, 7th Ed., Garland Publishing, 2022.

Reference Books
1. Gerald Karp, Cell and Molecular Biology: Concepts and Experiments, 7th edition, Wiley Global Education.
2. H. Lodish, A. Berk, S. L. Zipursky, M. P. Scott and J. Darnell, Molecular Cell Biology, 9th Ed., W. H. Freeman & Co., 2021. 
3. Theory & Problems in Molecular & Cell Biology, Stansfield, Tata-McGraw Hill.

Mapping of Course Outcomes with Program Outcomes (POs) 

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	3
	3
	2
	1
	1
	-
	-
	-
	-
	2
	3

	CO2
	3
	3
	3
	2
	1
	1
	-
	-
	-
	-
	2
	3

	CO3
	3
	3
	3
	2
	1
	1
	-
	-
	-
	-
	2
	3

	CO4
	3
	3
	3
	2
	1
	1
	-
	-
	-
	-
	2
	3



*Strength of correlation: 3 – High, 2 – Medium, 1 – Low
	BIOCHEMISTRY

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2103


Prerequisites: Basic knowledge on biomolecules, cell and cellular metabolism

Course Outcomes:
CO1: To understand the basic structures, functions of the biomolecules.
CO2: Understanding the chemical properties of biological macromolecules.
CO3: To understand the mechanism and kinetics of enzyme action and their regulation.
CO4: To understand the major metabolic pathways.

Module-I Structure and function of Biomolecule-I 	(8 Hours)
Amino acids: Classification and properties, Acid–base properties, The Peptide bond, ionization behavior of peptides.
Proteins: Levels of protein structure, Determination of primary structure of protein. Secondary, tertiary and quaternary structures, structural patterns: motifs and domains. Ramachandran Plot.
Carbohydrates: Classification, configuration and conformation of monosaccharides, sugar derivatives, important disaccharides. Structural and storage polysaccharides, glucosaminoglycans, proteoglycans, glycoproteins and glycolipids.
Module-II Structure and function of Biomolecule-II 				(6 Hours)
Lipids: Classification, storage lipids, structural lipids (glycerol phospholipid and sphingolipids), signaling lipids.
Nucleic acid: Nucleosides, nucleotides, nucleic acids - structure, a historical perspective leading upto the proposition of DNA double helical structure; difference in RNA and DNA structure Coenzymes and vitamins: Types and their function.
[bookmark: Module-II_(1)]Module-III Enzymes and Catalysis 						(8 Hours)
Enzymes: General properties, nomenclature and classification, Mechanism of enzyme action: general acid-base catalysis, covalent catalysis, metal catalysis
Enzyme Kinetics: Michaelis-Menten kinetics and its significance, Brigg’s-Halden modification, Determination of Vmax and Km,
Enzyme inhibition: competitive, non-competitive inhibition, determination of KI, allosteric regulation, covalent modification.
[bookmark: Module-III_(1)]Module-IV Biochemical reactions and metabolism 				(8 Hours)
Amino acid catabolism: (transamination, oxidative deamination and urea cycle) Protein degradation (proteosomal pathway) and Solid phase synthesis of peptides.
Carbohydrate metabolism: Glycolysis, TCA cycle, pentose-phosphate pathway. Gluconeogenesis, glycogenmetabolism, regulation of carbohydrate metabolism, Oxidative phosphorylation, electron transport and ATP synthesis
Lipid metabolism: Biosynthesis and oxidation of fatty acids, regulation of fatty acid metabolism.
[bookmark: Recommended_Books_(1)]
Text Books
1. Lehinger Principle of Biochemistry– D.L. Nelson and M.M. Cox
2. Biochemistry by L.Stryer
3. Fundamentals of Biochemistry– D. Voet, J.G.Voet and C. W. Pratt
4. Biochemistry - U. Satyanarayana and U. Chakrapani

Reference Books:
1. Concise Encyclopedia Biochemistry and Molecular Biology- T. A. Scott and E. I. Mercer
2. Biochemistry by Zubay.
3. Biochemistry- Rastogi, Tata McGraw Hill

Mapping of Course Outcomes with Program Outcomes (POs) 

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO2
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO3
	3
	2
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO4
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1



*Strength of correlation: 3 – High, 2 – Medium, 1 – Low
	BIOSTATISTICS

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2105



Prerequisites: Basic knowledge on mathematics, statistics and biology

Course Outcome:
On successful completion of this course the students should be able to:
CO1: Understand the importance of data collection and measure data using central tendency.
CO2: Apply the concept of probability in biological data analysis.
CO3: Demonstrate appropriate statistical methods for analyzing one or multiple variables.
CO4: To investigate a research hypothesis, perform data analysis and interpret result

Module-I: Descriptive Statistics					                                         (8 Hours)
Introduction and definition of Biostatistics; Concept of variables in biological systems. Collection, Classification, tabulation graphical and diagrammatic representation of numerical data; Measures of central tendency: Mean, Median and Mode and their relationship; Measures of dispersion: Range, Quartile deviation, Mean deviation, Standard deviation, Concept of standard error, Coefficient of variation, Skewness and Kurtosis.
[bookmark: Module-II_(2)]Module-II: Basic Probability and Probability Distributions				(8 Hours)
Probability: Random experiment, events, sample space, mutually exclusive events, independent and dependent events; Various definitions of probability, addition and multiplication theorems of probability, Random variables (discrete and continuous), Probability density functions and its properties; Probability distributions: normal, Binomial, Poisson and their application, Bayes Theorem, Sensitivity, Specificity.
[bookmark: Module-III_(2)]Module-III: Sampling of Data and Designing of Experiment				(6 Hours)
Concept of populations and sample. Simple random sampling without replacement. Definition of simple random sample; Designing of Experiments-Random block design and Split plot design; 
Module-IV: Applied Statistics							          (8 Hours)
Analysis of variance: One- way and two-way classifications with single observation per cell. Duncan’s multiple range test; Tests of significance: Chi-square, student’s t, z and f-distributions, their properties and uses. Correlation and Regression, linear and quadratic regression
[bookmark: Recommended_Books_(2)]
Text Books:
1. Biostatistics. By Rao KS, Himalaya Publishing House
2. Introduction to Biostatistics & Research Methods. By Sundar Rao PSS & Richard J, PHI learning Pvt. Ltd. 
3. Methods in Biostatistics. By BK Mahajan, Jaypee Publications.
4. Elements of Biostatistics by S. Prasad, Rastogi Publications.

Reference Books:
4. Biostatistics. A foundation for analysis in the health sciences, By Wayne W. Daniel, Wiley- India
5. Biostatistics. By Arora and Mohan, Himalaya Publishing House
6. Principles and Practice of Biostatistics. By B Antonisamy, Prasanna S. Premkumar, Solomon Christopher, Elsevier India.

Mapping of Course Outcomes with Program Outcomes (POs) 

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO2
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO3
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO4
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1



*Strength of correlation: 3 – High, 2 – Medium, 1 – Low
	[bookmark: BIOSAFETY,_BIOETHICS_AND_BIOSTATISTICS_L]BIOSAFETY, BIOETHICS AND BIOSTATISTICS LABORATORY

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2501


[bookmark: Bioethics_and_Biosafety]
Prerequisites: basic knowledge on chemistry, Enzymatic reactions
Course Outcomes:
On successful completion of this course the students should be able to:
CO1: Gains knowledge of ethical theories and principles, particularly as they apply to biotechnology and biosafety.
CO2: Assess and manage risks associated with biological research.
CO3: Hands-on experience in implementing biosafety measures and ethical decision-making in laboratory settings
CO4: gain the ability to interpret results from statistical analyses and understand their implications in biological research.

List of Experiments
(Any 8 experiments can be done)
Bioethics and Biosafety
1. Handling and disposal of hazardous chemicals, acids, biomedical wastes, radioactive wastes etc.
2. Practical aspects of sterilization and disinfection procedures.
3. Different biosafety level and types of biosafety cabinets.
4. General safety aspects of different instrument handling.
5. Ethical studies of use of animal in laboratory.
Biostatistics
1. Graphical representation of data using Excel, Origin, SPSS etc.
2. Measure of Central Tendency (mean, median, mode).
3. Measure of dispersion (mean deviation, standard deviation, standard error).
4. Correlation and Regression analysis.
5. Analysis of variance (One-way, Two-way ANOVA)

Text books: 
1. Practical Biotechnology: Principles and Protocols by H. N. Thatoi, Supriya Dash, and Swagat Kumar Das
2. Introduction to Biostatistics & Research Methods. By Sundar Rao PSS & Richard J, PHI learning Pvt. Ltd. 
3. Methods in Biostatistics. By BK Mahajan, Jaypee Publications.
4. IPR, Biosafety and Bioethics By D. Goel and S. Parashar, Pearson

Reference Books:
1. Biostatistics. A foundation for analysis in the health sciences, By Wayne W. Daniel, Wiley- India
2. Biostatistics. By Arora and Mohan, Himalaya Publishing House
3. Principles and Practice of Biostatistics. By B Antonisamy, Prasanna S. Premkumar, Solomon Christopher, Elsevier India.
[bookmark: BIOCHEMISTRY_LAB]Mapping of Course Outcomes with Program Outcomes (POs) 
	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	2
	2
	2
	-
	1
	-
	-
	-
	-
	-
	1

	CO2
	3
	2
	2
	2
	-
	1
	-
	-
	-
	-
	-
	1

	CO3
	3
	2
	2
	2
	-
	1
	-
	-
	-
	-
	-
	1

	CO4
	3
	2
	2
	2
	-
	1
	-
	-
	-
	-
	-
	1



*Strength of correlation:   3 – High, 2 – Medium, 1 – Low

	BIOCHEMISTRY LABORATORY

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2503



Prerequisites: basic knowledge on chemistry, Enzymatic reactions

Course Outcomes:
On successful completion of this course the students should be able to:
CO1: Gains good knowledge & skills in biochemistry field for better understanding biomolecules & biochemical techniques
CO2: Apply the concept of enzyme kinetics to biological macromolecules.
CO3: Able to handle various instruments related to biochemistry
CO4: Develop the knowledge to estimate the biomolecules and report the data in the field of biochemistry & biotechnology research

List of Experiments
(Any 8 experiments can be done)

1. Preparation of standard solutions (Normality, molarity, molality, mass concentration, mass percentage, ppm etc.)
2. Spectrophotometric estimation of Protein.
3. Spectrophotometric estimation of carbohydrates.
4. Spectrophotometric estimation of nucleic acids.
5. Estimation of iodine Number and Saponification value of fatty acids.
6. Estimation of amino acids.
7. Estimation of vitamin.
8. Enzyme activity assay (Bacterial enzyme).
9. Enzyme activity assay (Plant/Animal enzyme).
10. Determination of Km and Vmax of an enzyme catalyzed reaction.

Text books: 
1. Gupta R.C. and Bhargavan S. Practical Biochemistry. 
2. David T. Phummer. Introduction of Practical Biochemistry (II Edition). 
3. B.S. Rao and V. Deshpande (2005) Experimental Biochemistry, A student companion IK                                                                                                                           International Pvt. Ltd. (New Delhi)
4. Practical Biotechnology: Principles and Protocols by H. N. Thatoi, Supriya Dash, and Swagat Kumar Das

Reference Books: 
1. Murray R.K., Granner D.K., Mayes P.A. and Rodwell V.W. Harpers Biochemistry, Appleton and Lange, Stanford, Conneticut. 
2. Thomas M. Devlin. Textbook of Biochemistry with clinical correlations. Wiley Liss Publishers

Mapping of Course Outcomes with Program Outcomes (POs) 

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	2
	1
	3
	2
	-
	2
	1
	-
	-
	-
	-
	1

	CO2
	2
	1
	3
	2
	-
	2
	1
	-
	-
	-
	-
	1

	CO3
	2
	1
	3
	2
	-
	2
	1
	-
	-
	-
	-
	1

	CO4
	2
	1
	3
	2
	-
	2
	1
	-
	-
	-
	-
	1



*Strength of correlation:   3 – High, 2 – Medium, 1 – Low
	[bookmark: CELL_AND_MOLECULAR_BIOLOGY_LAB]CELL AND MOLECULAR BIOLOGY LABORATORY

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2505



Prerequisites: basic knowledge on biology and solution preparation

Course Outcomes:
On successful completion of this course the students should be able to:
CO1: Demonstrate skills of visualizing cell and cell division process
CO2: Able to identify, differentiate and count various blood cells.
CO3: Develop skills to isolate nucleic acids from various biological sources.
CO4: Develop the skills and knowledge to estimate and analyze nucleic acids by gel electrophoresis  

List of Experiments
(Any 8 experiments can be done)
1. Study of mitotic cell division.
2. Study of meiotic cell division.
3. Identification of blood cell types in human blood smear and differential leucocyte count.
4. Counting of cell using hemocytometer.
5. Chromosome analysis by karyotyping.
6. Isolation of DNA from different biological sources (Bacterial, Plant, animal tissues).
7. Isolation of RNA from different biological sources (Bacterial, Plant, animal tissues).
8. Qualitative analysis of DNA and RNA by agarose gel-electrophoresis.
9. Quantitative assessment of nucleic acid by using UV spectrophotometer.
10. DNA fragmentation assay.

Text books: 
1. K. Wilson & J. Walker, Practical Biochemistry: Principles and Techniques. (eds) Cambridge University Press, New York, 1995. 
2. Essential Molecular Biology: Volume I: A Practical Approach, OUP Oxford; 2nd edition
3. Cell Biology: A Laboratory Handbook, Julio E. Celis, Academic Press Inc; 2nd Ed

Reference Books: 
1. Douglas A. Skoog and James J. Leary, Principles of Instrumental Analysis. 4th Edition. Saunders College Publishing, 1992
2. Cell and Molecular Biology Lab Manual, by David Thompson, Create space Independent Publishing

Mapping of Course Outcomes with Program Outcomes (POs) 

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	1
	2
	3
	-
	1
	1
	-
	1
	-
	-
	1

	CO2
	3
	1
	2
	3
	-
	1
	1
	-
	1
	-
	-
	1

	CO3
	3
	1
	2
	3
	1
	1
	1
	-
	1
	-
	-
	1

	CO4
	3
	1
	2
	3
	1
	1
	1
	-
	1
	-
	-
	1



*Strength of correlation:   3 – High, 2 – Medium, 1 – Low






4TH SEMESTER

	MICROBIOLOGY

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2102



   Prerequisites: Fundamental knowledge in biology, chemistry and mathematics
Course Outcomes:
CO1: To understand the basis of microbial taxonomy and understanding the basic requirements, tools and techniques for culturing microbes.
CO2: Understanding microbial metabolism, growth kinetics and genetics.
CO3: Understanding the characteristics, function and application of microorganisms in role of microbes in food and medical realm
CO4: Understanding the relevance of microorganism in sustainable environment.


Module-I 										(10 hours)
Introduction to Microbial Kingdom- Bacteria, Fungi and Viruses; Classical and Modern approaches of microbial taxonomy. Classification, structural organization and multiplication of bacteria, fungi and Viruses; Methods of Microbiology- Culture media, Sterilization, Establishment of pure culture, Staining and its types, Micrometry, Microscopy & its types, Preservation of microbial (bacterial and fungal) cultures.
Module-II 										(6 hours)
Microbial growth and metabolism: Pattern of bacterial growth, Growth kinetics, Monod’s Equation, Synchronous growth, Growth inhibitory substances. Metabolism in bacteria, Energy transduction mechanism in bacteria, Cyanobacteria and nitrogen fixation, Anaerobic respiration.
Module-III 										(6 hours)
Microbial genetics: Organization of bacterial and viral genome, Plasmids and Episomes, Genetic recombination in bacteria (Transformation, Conjugation and Transduction), Genetic analysis in bacteria, DNA repair mechanisms in bacteria, Transposons, Mutation in Microorganisms.
Module-IV 										(8 hours)
Food Microbiology: Types of microbes associated with food spoilage, Food preservation methods.
Medical Microbiology: Disease causing bacteria, virus and fungi; Antimicrobial agents, Antibiotics, Disinfectants and Vaccines, Health care associated infections- prevention and control
Environmental Microbiology: Microbiology of water, Air, Soil. Bacteriological analysis of water & water treatment, Microbiology of extreme environments (Halobacteria, Methanogens, Thermophiles), Microbiology of sewage and sludge.

Text Books
1. Prescott’s Microbiology: - J. Willey, L. Sherwood, C. J. Woolverton
2. Brock Biology of Microorganisms-M.T. Madigan, K.S. Bender, D.H. Buckley, W.M. Sattley, D.A. Stahl
3. Microbiology: An Introduction- B.R. Funke, C.L. Case, G.J. Tortora
4. Microbiology principles and explorations-  J.G. Black and L.J. Black
Reference Books
1. Principles of Microbiology-G. Sumbali and R.S. Mehrotra, Tata McGrawHill
2. Agriculturally Important Microorganisms – B.B. Mishra, S.K. Nayak, A. Pahari, NIPA, New Delhi
3. Frontiers in Soil and Environmental Microbiology- S.K. Nayak and B.B. Mishra, CRC Press


Mapping of Course Outcomes with Program Outcomes (POs) 

	CO
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO2
	3
	2
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO3
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1

	CO4
	3
	3
	3
	3
	2
	1
	-
	-
	-
	-
	2
	1



*Strength of correlation:   3 – High, 2 – Medium, 1 – Low

	GENETICS AND GENETIC ENGINEERING

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2104



   Prerequisite: Basic knowledge on cell biology and molecular biology

Course Outcomes:
CO1: To understand the Mendelian and non-Mendelian genetics and genetic variation and inheritance pattern
CO2: To understand the process of recombinant DNA Technology and gene cloning 
CO3: To analyse the various tools and techniques used in genetic engineering
CO4: To understand the application of Genetic Engineering in various field
Module-I    Mendelian and Non Mendelian Genetics:                                              (8 Hours)                                                                                                                                          
: Mendelism and its principles, Non-Mendelian Gene Interactions (Co-dominance, Complete dominance, Incomplete dominance, Epistasis). Polygene and Multiple alleles, Linkage, crossing over- Chiasma type theory, Holiday model, non-disjunction, inheritance of X-linked recessive genes and Y-linked genes, Gene environment interaction: Concept of  Epigenetics.
Module-II   Tools of Genetic Engineering:                                                                 (8 Hours)                                                                                                                           
Restriction endonuclease- exo& endo nucleases, Nomenclature, Types, Pattern of cleavage, Ligase and other modifying enzymes, Gene cloning vectors- Plasmid, bacteriophage, cosmid, BAC, YAC. Construction of cDNA library, genomic library. 
Module-III    Techniques of Genetic Engineering   :                                                      (6 Hours)                                                                                                                          
Basic concept of gene cloning, Polymerase chain reaction (PCR) and its applications, Variations in PCR, Yeast two-hybrid assay, DNA micro arrays and Chips - principle and analysis,. DNA Sequencing-chemical degradation and Sanger’s Methods, Site directed mutagenesis, Gene knockout strategies; Gene targeting and silencing- RNA interference: Antisense RNA, siRNA and mi RNA. In-vitro transcription and translation; Molecular markers- Types (RFLP, RAPD, AFLP, SCAR, EST)
   
 Module-IV: Application of Genetic Engineering:                                                        (8 Hours)                                                                                                                                   
Application of molecular markers, DNA typing, Single Nucleotide Polymorphisms, mapping, DNA finger printing and DNA foot printing. Gene therapy and gene replacement/augmentation; DNA vaccines and rDNA products-production of insulin; Genome projects: Human. Transgenic mice.

Text Books
1. Principles of Genetics" – Robert H. Tamarin
2. Genetics: A Conceptual Approach – Benjamin A. Pierce
3. Molecular Biology of the Gene – James D. Watson
4. Principles of Genetics, Robert Tamarin,Tata McGraw Hill
5. Concepts of Genetics, W.S. Klug and M.R. Cummings, Pearson

Reference Books
1. Gene cloning and DNA Analysis, T A Brown, Blackwell publishing
2. Principle of gene manipulation and        genomics, Primrose and Old, Blackwell publishing.
3. Recombinant DNA, James D. Watson, Michael Gilman,W.H.Freeman Publisher
4. Principles and Techniques of Biochemistry and Molecular Biology- K.Wilson, J. Walker., Cambridge University Press.
Mapping of Course Outcomes with Program Outcomes (POs) 
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	BIOENERGETICS AND THERMODYNAMICS

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2106



Prerequisites: Undergraduate mathematics, and basic knowledge on biological processes

Course Outcomes:
On successful completion of this course the students should be able to:
CO1: Understand the thermodynamic principles applied to biological macromolecules
CO2: Apply the concept of phase equilibria to reactions involving biological macromolecules.
CO3: Correlate principles of bioenergetics with the metabolic pathway.
CO4: Execute the thermodynamic principles in the bio chemical process
Module-I: Statistical Thermodynamics							(8 Hours)
Statistical Thermodynamics – Boltzmann distribution and Entropy; Partition functions and Ensembles; calculations using protein and DNA molecules.
Estimationofthermodynamicpropertiesusinggeneralizedequationsofstate.
Thermodynamics of multi-component mixtures– partial molar properties and excess properties; calculation of excess properties from local composition models.

Module-II: Phase Equilibria								(8 Hours)
Phase equilibria-vapour-liquid and liquid-liquid equilibria with non-ideal solutions.
Chemicalreaction equilibria – calculation of equilibrium conversions for single and multiple reactions in homogeneous and heterogeneous systems.

Module-III: Bioenergetics									(7 Hours)
Bioenergetics: Laws of Thermodynamics, entropy, enthalpy and free energy, standard free energy, chemical equilibrium. Phosphoryl group transfer and ATP.
Energetics of metabolic pathways; coupled-reactions and role in catabolism and anabolism; analysis of photosynthesis and electron transport chain; Thermodynamic analysis of fermentation processes.

Module-IV: Non-equilibrium thermodynamics						(7 Hours)
Introduction to non-equilibrium thermodynamics; Onsager reciprocal relations for coupled flows; biological examples

Text Books
1. Smith & Vanness, Thermodynamics for Chemical Engineers, MGH
2. Molecular Driving Forces: Statistical Thermodynamics in Chemistry and Biology. By Ken
A. Dill, Sarina Bromberg, 2nd Edition, 2010, Garland Science.
3. Biochemical and Engineering Thermodynamics. By Stanley I. Sandler,Chemical,4th Edition, 2006, John Wiley and Sons.

Reference Books 
1. Hougen and Watson, Chemical Process Principles (Part one): 2nd ed, John Wiley.
2. Thermodynamics of Biochemical Reactions. By Robert A.Alberty, 2003, John Wiley and Sons
3. J. M. Smith, H. C. Van Ness, M. M. Abbott, B. I. Bhatt, Introduction to Chemical Engineering Thermodynamics, 7th (Indian) edition, McGraw Hill, 2009.
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	BIOANALYTICAL TOOLS AND TECHNIQUES 

	Hours/Week L-T-P:
	3-0-0
	Credits: 
	3

	Course Type:
	Professional Core
	Course Code:
	BT2108


Prerequisites: Basic knowledge of microscopy, protein structure, DNA, RNA and radioactivity.
Course Outcomes:
   On successful completion of this course the students should be able to:
CO1: To understand the instrumentation, working and principle of electron microscope and spectroscopic techniques.
CO2: To understand the principle and working of instruments for protein analysis.
CO3: To understand the principle of separation of compounds by chromatography.
CO4: To understand the principle of different radioisotope detection strategies. 
Module-I                                                                                                                                                 (7 hrs)
Principle, instrumentation and applications of imaging techniques: light, electron, fluorescent, confocal, Atomic force microscopy, and Transmission and Scanning electron microscopy.
Principle, instrumentation, sampling and application of few spectroscopic techniques: UV, visible, Circular Dichromism, Infrared, Fourier transformation infrared, Mass spectroscopy, Nuclear magnetic resonance
Module-II                                                                                                                                   (8 hrs)
Electrophoretic Techniques: Principle, equipment and process, Agarose gel electrophoresis, horizontal and vertical gel electrophoresis, isoelectric focusing, capillary electrophoresis, native and SDS –PAGE. Blotting techniques: Western, Southern and Northern blotting. Visualization of agarose gel and PAGE. Microarray, Immuno histochemistry, Microtomy.
Module-III                                                                                                                                   (8 hrs)
Centrifugation: high speed and ultra. Working principles of chromatography: Paper chromatography, Thin Layer Chromatography, Ion exchange, gel filtration, Gas Chromatography, High Performance Liquid chromatography, and Fast protein liquid chromatography.
Module-IV                                                                                                                                    (7 hrs)
Radioisotope detection techniques: Introduction to radioisotopes, Fountain pen technique, Gieger-Muller monitor, Solid and liquid scintillation counting, Cerkenov counting, safety measures while handling radioactive elements.

Text Books:
1. Biochemistry laboratory: modern theory and techniques. By R. F. Boyer. Prentice Hall, Boston.
2. Bioinstrumentation by L. Veerakumari, MJP Publishers.
Reference Books:
1. Analytical techniques in biochemistry and molecular biology. By R. Katoch. Springer, New York.
2. Fundamentals of Bioanalytical Techniques and Instrumentation. By Sabari Ghosal, Anupama Sharma Awasthi. PHI Learning
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	MICROBIOLOGY LABORATORY

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2502



Prerequisites: basic knowledge on chemistry, Enzymatic reactions

Course Outcomes:
On the completion of this course the students should be able to:
CO1: Gains hands on experience & skills in microbiology to understand the microbes
CO2: Understand the implementation of various instruments pertaining to microbiology.
CO3: Obtain ideas on various microbial control methods 
CO4: Develop skills required to obtain and interpret data for higher education and professional development.
List of Experiments
1. Media preparation and sterilization (Slant, Stab and Broth culture)
2. Isolation of microorganisms from natural habitats (Air, Water, Soil & Milk)
3. Establishment of pure culture by streak plate and serial dilution method.
4. Staining of microbial sample (Gram Staining, Capsule staining, Fungal staining)
5. Micrometry: Calibration of stage and ocular micrometer and measurement of microbial sample.
6. Microscopy: Study of Compound, Phase contrast and Fluorescence Microscopes.
7. Study the bacterial growth curve using spectrophotometer and viability assessment.
8. Antibiotic assay and estimation of Zone of inhibition.
9. Chemical assay and MIC determination of antibiotics.
10. Biochemical assay of microorganisms (Starch Hydrolysis, Casein Hydrolysis and IMViC test).

Text books: 
1. Microbiology A laboratory Manual- J.G. Cappuccino and N. Sherman
2. Basic Practical Microbiology – A Manual- : D. Burdass, J. Grainger, J. Hurst
3. Practical Microbiology- D.R. Arora and B. Arora

Reference Books:
1. Laboratory Manual Of Microbiology And Biotechnology- K.R. Aneja
2. Biotechnology a Laboratory Skills Course- J.K. Brown
3. Basic Laboratory Methods for Biotechnology: Textbook and Laboratory Reference- L.A. Seidman, C.J. Moore, J. Mowery
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	GENETICENGINEERINGLABORATORY (BT2504)

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2504


Prerequisites:  Basic knowledge on nucleic acid structure, restriction enzyme, vector etc

Course Outcome: 
CO1: The objective of this laboratory course is to provide practical skills on basic   genetic engineering techniques. 
CO2: Train students with basic techniques in Genetic Engineering like DNA, RNA isolation and Agarose Gel Electrophoresis
CO3: Students will learn basic steps of cloning, restriction digestion, PCR etc
CO4: Demonstrate practical skills in different laboratory equipment’s and their handling

List of Experiments
(Any 8 experiments can be done)
1. Isolation and analysis of plasmid DNA.
2. Restriction enzyme digestion of bacterial genomic DNA.
3. Preparation of target DNA by linker/adapters/alkaline phosphatase treatment for cloning.
4. Ligation of DNA fragment with cloning vector.
5. Preparation of competent cells.
6. Transformation to E.coli with recombinant vector.
7. Isolation of recombinants and confirmation of insert DNAi n vector.
8. Primer designing, Amplification of DNA sample by PCR.
9. DNA profiling by RAPD.
10. DNA finger printing assay using RFLP, SNP techniques.

Text books: 
1. Practical Techniques in Molecular Biotechnology by Bal Ram Singh and Raj Kumar:. 
2. Genetic Engineering: Principles and Methods by Jane K.
3. Wilson and Walker's Principles and Techniques of Biochemistry and Molecular Biology by Andreas Hofmann and Samuel Clokie
4. Practical Biotechnology: Principles and Protocolsby H. N. Thatoi, Supriya Dash, and Swagat Kumar Das

Reference Books: 
1. DNA Technology: A Reference Handbook: by David E.
2. Cloning: A Reference Handbook: by David E.
3. Biotechnology in Context: by Galè
4. Genetic Engineering: A Reference Handbook: by Harry LeVine
Mapping of Course Outcomes with Program Outcomes (POs) 
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	BIOANALYTICAL TECHNIQUES LABORATORY  

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2506


Prerequisites: Basic knowledge on the principles of microscopy, proteins, DNA, RNA and spectrophotometry, basics of chiral molecules and radio isotopes.
Course Outcomes:
CO1: To understand the instrumentation, working and principle of electron microscope and spectroscopic techniques.
CO2: To understand the principle and working of instruments for protein analysis.
CO3: To understand the principle of separation of compounds by chromatography.
CO4: To understand the principle of different radioisotope detection strategies. 

List of Experiments
(Any 8 experiments can be done)
1. UV-Visible spectroscopy: Spectrophotometric analysis of DNA, protein.
2. Determination of secondary structure of protein by Circular dichroism (CD) spectroscopy.
3. Analysis of biomolecules by TLC.
4. Use of viscometer in protein analysis
5. Protein analysis by 2D-PAGE.
6. Visualization by Confocal, Fluorescence and Electron Microscopy.
7. Analysis of biomolecules by HPLC.
8. Operation and demonstration of GC.
9. Demonstration of Differential scanning calorimetry (DSC) for study of physical properties.
10. Determination of functional groups by FTIR

Text Books:
1. Biochemistry laboratory: modern theory and techniques. By R. F. Boyer. Prentice Hall, Boston.
2. Bioinstrumentation by L. Veerakumari, MJP Publishers.
Reference Books:
1. Analytical techniques in biochemistry and molecular biology. By R. Katoch. Springer, New York.
2. Fundamentals of Bioanalytical Techniques and Instrumentation. By Sabari Ghosal, Anupama Sharma Awasthi. PHI Learning
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	BIOLOGICAL AND BIOMIMETIC MATERIALS LABORATORY

	Hours/Week L-T-P:
	0-0-3
	Credits: 
	1.5

	Course Type:
	Laboratory Course
	Course Code:
	BT2508


Prerequisites: Basic knowledge of biological materials, types, properties (electrical, mechanical, thermal, chemical), fabrication methods and basics of biomedical devices
Course Outcomes:
CO1: To understand the structure, function and methods of characterization of various properties of biological and biomimetic materials.
CO2: To understand the instrumentation and working principle of 3D Printing.
CO3: To quantitatively study the stress-strain relationships of biological/biomimetic materials.
CO4: To characterize the viscoelastic and other mechanical properties of functional biomaterials. 

List of Experiments
(Any 8 experiments can be done)

BIOLOGICAL AND BIOMIMETIC MATERIALS LABORATORY (BT2508)
1. Properties of Biological materials and Biomimetic materials
2. Study of Stress-Strain Relationships in Biological Soft Tissues
3. Study of the operation and usage of 3D Printer
4. Experimental estimation of effective elastic modulus of 3D-Printed porous biomaterials.
5. Characterization of Viscoelastic Properties of Biological Tissues
6. 3D Anatomical models of Biological Tissues
7. Mechanical characterization of metallic biomaterials.
8. Mechanical characterization of polymeric biomaterials.
9. Viscosity Measurement
10. Deformation Measurement

Text Books:
1. Text Books J. B. Park and R. S. Lakes, An Introduction to Biomaterials, Springer
2.  J.B Park, and J.D. Boonzino, Biomaterials: Principles and Application, CRC Press
3.  Y.C Fung,, Biomechanics – Mechanical Properties of Living Tissues,, Springer, 1993
Reference Books:
1.  D. Dowson and V. Wright, An introduction to Biomechanics of joints and joint replacements, Mechanical Engineering Publications, 1980
2.  Roger Bartlett, Introduction to Sports Biomechanics: Analysing Human Movement Patterns, Taylor and Francis, 2007.
3.  J. Black, Biological Performance of materials, Taylor &Francis
4.  B. D. Ratner, F. J. Schoen, A. S. Hoffman, and J. E. Lemons, Biomaterials Science: An introduction to Materials in medicine, Academic Press
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