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SUBJECT/ DISCIPLINE: BIOTECHNOLOGY


CHOICE BASED CREDIT SYSTEM



STATE EDUCATION POLICY(SEP)

Academic year 2025-26

VISION
Quality education to develop competent biotechnologist for the welfare of society.


MISSION
1. To provide a future ready curriculum tailored to the evolving needs of academia and industry.
2. To promote awareness of emerging trends through focus workshops and seminars.
3. To nurture a strong ethical research culture.
4. To inspire students to pursue innovative and entrepreneurial parts in science.

UGC Graduate Attributes (GA) as per UGC guidelines (National Education Policy / OBE framework for UG programs).
1. Disciplinary Knowledge – Capability of demonstrating comprehensive knowledge and understanding of one’s discipline of study, including broader interdisciplinary connections.
2. Communication Skills – Ability to listen, read, write, and speak effectively and communicate knowledge in a clear and coherent manner to diverse audiences.
3. Critical Thinking – Capacity to analyze, evaluate, and apply evidence-based reasoning to identify problems, make informed decisions, and provide innovative solutions.
4. Problem-Solving – Ability to apply knowledge, skills, and reasoning to address real- life problems in a logical and systematic way.
5. Analytical Reasoning – Capability to evaluate information, interpret data, and draw valid conclusions through logical and scientific reasoning.
6. Research-Related Skills – Ability to design and conduct experiments, analyze results, interpret data, and apply appropriate research methodologies.
7. Cooperation/Teamwork – Ability to work effectively in diverse teams, showing respect for different viewpoints and contributing productively to group goals.
8. Scientific Reasoning – Capability to apply the scientific method, evaluate hypotheses, and use appropriate tools and technology in experimentation.
9. Reflective Thinking – Capacity for self-assessment, recognizing one’s strengths and limitations, and learning from experience.
10. Information/Digital Literacy – Ability to use modern tools, ICT resources, and databases for information retrieval, processing, and presentation.
11. Multicultural Competence – Respect for diversity, ability to engage with different cultures and perspectives, and practice inclusive behavior.
12. Moral and Ethical Awareness/Reasoning – Ability to identify and resolve ethical issues, apply values of honesty, fairness, and respect in academic, professional, and social contexts.
13. Leadership Qualities – Ability to lead teams, manage projects, and take responsibility for achieving shared objectives.
14. Lifelong Learning – Recognition of the need for continuous learning and the capacity to engage in self-directed learning for personal and professional development.
15. Environment and Sustainability – Understanding environmental issues and responsibility to contribute to sustainable development.
16. Global Citizenship – Awareness of global issues, responsibilities as citizens, and ability to act with empathy, tolerance, and social responsibility.

PROGRAM EDUCATION OBJECTIVES (PEO)
[bookmark: _Hlk209368835]PEO 1 – Academic Excellence & Application
Graduates will acquire comprehensive knowledge in Chemistry, Zoology, and Biotechnology and apply scientific principles to solve real-world problems in life sciences.
PEO 2 – Research, Innovation & Problem-Solving
Graduates will design and conduct experiments using chemical, biological, and molecular techniques to address interdisciplinary challenges.
PEO 3 – Lifelong Learning & Professional Growth
Graduates will adapt to advancements in life sciences, chemical sciences and related industries through continuous learning and skill development.
PEO 4 – Ethics, Environment & Social Responsibility
Graduates will practice professional ethics, environmental stewardship, and contribute to biodiversity conservation and societal well-being.



[bookmark: _Hlk209368855]PROGRAM OUTCOMES (POs)
PO1 – Disciplinary Knowledge: Demonstrate comprehensive knowledge of concepts, theories, and experimental methods in Chemistry, Zoology, and Biotechnology and demonstrate interdisciplinary connections among them.
PO2 – Critical Thinking & Problem Solving: Apply logical reasoning and evidence- based approaches to analyze complex scientific problems and develop viable solutions.
PO3 – Research-Related Skills: Design, conduct, and interpret experiments using appropriate tools and techniques, adhering to scientific methodology.
PO4 – Communication Skills: Present scientific ideas, findings, and arguments effectively through oral, written, and digital platforms for diverse audiences.
PO5 – Analytical & Quantitative Reasoning: Interpret data using quantitative methods, statistical tools, and scientific analysis for informed decision-making.
PO6 – Environment & Sustainability: Evaluate the impact of scientific activities on the environment and advocate for sustainable practices and biodiversity conservation.
PO7 – Ethics & Professional Integrity: Demonstrate ethical responsibility, integrity, and accountability in academic, research, and professional settings.
PO8 – Digital Literacy: Use modern tools, digital platforms, and information technology effectively for data analysis, research, and lifelong learning.
PO9 – Self-Directed Learning and Entrepreneurship: Recognize learning needs, set goals, and acquire new knowledge and skills independently to keep pace with scientific and technological advancements while fostering entrepreneurial initiatives.
PO10 – Leadership & Teamwork: Work effectively as an individual and as a member or leader in multidisciplinary teams to achieve common goals.

[bookmark: _Hlk209368900]PROGRAM SPECIFIC OUTCOMES (PSOs) for Biotechnology
[bookmark: _Hlk209368920]PSO1. Core Knowledge and Laboratory Skills
Graduates will demonstrate comprehensive knowledge of cell biology, genetics, microbiology, biochemistry, molecular biology, and interdisciplinary links with chemistry and zoology, and will acquire practical skills in laboratory techniques, instrumentation, and bioinformatics.
PSO2. Application and Problem-Solving
Graduates will be able to apply concepts of plant, animal, microbial, environmental, and industrial biotechnology to address challenges in healthcare, agriculture, environment, and industry, with innovation and research-oriented approaches.
PSO3. Ethics, Communication and Lifelong Learning
Graduates will practice biosafety and ethical standards, communicate scientific ideas effectively, work in teams, and cultivate an entrepreneurial and lifelong learning mindset to adapt to emerging trends in biotechnology.

Course Structure

	Paper Code
	Title of the Paper
	Total No. of hours
	Periods
/Week
	Duration of Exam (Hours)
	IA
	EE
	Max. Marks
	Credits

	FIRST SEMESTER - SEP

	BT11T
	Cell Biologyand Genetics
	56
	04
	03
	20
	80
	100
	03

	BT11P
	Cell Biology and Genetics
	60
	04
	03
	10
	40
	50
	02

	SECOND SEMESTER - SEP

	BT21T
	Fundamentals of
Microbiology
	56
	04
	03
	20
	80
	100
	03

	BT21P
	Fundamentals of Microbiology
	60
	04
	03
	10
	40
	50
	02

	THIRD SEMESTER - SEP

	BT31T
	Biomolecules and
Bioanalytical Techniques
	56
	04
	03
	20
	80
	100
	03

	BT31P
	Biomolecules and
Bioanalytical Techniques
	60
	04
	03
	10
	40
	50
	02

	FOURTH SEMESTER - SEP

	BT41T
	Molecular Biology and Genetic Engineering
	56
	04
	03
	20
	80
	100
	03

	BT41P
	Molecular Biology and Genetic Engineering
	60
	04
	03
	10
	40
	50
	02

	FIFTH SEMESTER - NEP

	DSBT51
	Genetic Engineering and Basics of Bioinformatics
	60
	04
	2.5
	40
	60
	100
	04

	DSBT51P
	Genetic Engineering and Basics of Bioinformatics
	60
	04
	03
	25
	25
	50
	02

	DSBT52
	Plant Biotechnology
	60
	04
	2.5
	40
	60
	100
	04

	DSBT52P
	Plant Biotechnology
	60
	04
	03
	25
	25
	50
	02

	SIXTH SEMESTER - NEP

	DSBT61
	Immunology and Animal Biotechnology
	60
	04
	2.5
	40
	60
	100
	04

	DSBT61P
	Immunology and Animal Biotechnology
	60
	04
	03
	25
	25
	50
	02

	DSBT62
	Bioprocess technology and Environmental
Biotechnology
	60
	04
	2.5
	40
	60
	100
	04

	DSBT62P
	Bioprocess technology and Environmental
Biotechnology
	60
	04
	03
	25
	25
	50
	02



I SEMESTER


	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: I
	Discipline: Biotechnology

	[bookmark: _Hlk209368984]Course Title: CELL BIOLOGY AND GENETICS (THEORY)

	Course Code: BT11T
	Hours/ week:	04 hrs

	Total Contact Hours: 56 hrs
	Course Credits:	03

	Formative Assessment Marks:20
	Summative Assessment Marks: 80

	
	Duration of Exam: 03 hrs


Course Objectives:
1. To introduce the fundamental concepts of cell structure and organization in eukaryotic systems.
2. To explain the morphology and functional aspects of cellular organelles and bio membranes.
3. To provide a comprehensive understanding of chromosome structure, cell cycle regulation, and division mechanisms.
4. To impart knowledge on principles of Mendelian inheritance, gene interactions, and chromosomal basis of inheritance.
5. To familiarize students with linkage, crossing over, mutations, chromosomal aberrations, and mechanisms of sex determination.
6. To develop analytical skills for interpreting genetic interactions and applying concepts to biological problems.

Course outcome: At the end of the course the students will be able to:

	CO
Code
	Course Outcomes (Theory)
	Blooms Taxonomy Level (BTL)

	CO1
	Explain the structural organization and
functions of cellular components and organelles.
	K2 – Understand

	CO2
	Describe chromosome morphology, cell cycle
events, and their regulation.
	K2 – Understand

	CO3
	Analyze Mendelian laws and patterns of gene
interaction in inheritance.
	K4 – Analyze

	CO4
	Interpret linkage, crossing over, and construct
chromosome maps.
	K4 – Analyze

	CO5
	Compare types of mutations, mutagens, and chromosomal aberrations and their biological
significance.
	K3 – Apply

	CO6
	Evaluate sex determination mechanisms and
inheritance patterns in plants and animals.
	K5 – Evaluate



SYLLABUS – THEORY

	BT11T
	CELL BIOLOGY AND GENETICS	(56 hours)

	Unit – 1
	Cell and Cellular Organelles
	14hrs

	
	· Cell as a basic unit of living systems: Discovery of cell, the cell Theory, Surface Architecture: Structural organization and functions of plasma membrane and cell wall of eukaryotes.
· Cellular Organelles: Structure and functions of cell organelles – Endoplasmic reticulum, Golgi complex, Mitochondria, Chloroplast, Ribosomes, Lysosomes, Peroxisomes, Nucleus (Nuclear envelope with nuclear pore complex, Nucleolus, Nucleoplasm and Chromatin).
Vacuole, Cytosol and Cytoskeleton structures (Microtubules, Microfilaments and Intermediate filaments), Extracellular Matrix.

	Unit – 2
	Chromosomes and Cell Division
	14hrs

	
	· Chromosomes: General Introduction, Discovery, Morphology and structural organization: Centromere, Secondary constriction, Telomere, Chromonema, Euchromatin and Heterochromatin, Chemical composition and Karyotype.
· Special type of chromosomes: Polytene chromosome and Lampbrush chromosomes.
· Cell cycle, phases of cell division: Mitosis and meiosis, regulation of cell cycles cell cycle checkpoints, and enzymes involved in regulation, significance of cell cycle, mitosis and meiosis interphase nucleus, achromatic apparatus, synaptonemal complex.
· Cell senescence and Programmed cell death.

	Unit - 3
	Genetics: Inheritance and Gene Interaction
	14hrs

	
	· Genetics: Inheritance: Mendelian Theory- Laws of inheritance- dominance, segregation, incomplete dominance, codominance with an example. Law of independent assortment, test- cross, backcross.
· Gene Interaction: Supplementary factors: comb pattern in fowls, Complementary genes- Flower colour in sweet peas, Multiple factors–Skin colour in human beings, Epistasis–Plumage colour in poultry, multiple allelism: Blood groups in Human beings.
· Maternal Inheritance: Plastid inheritance in Mirabilis, Petite characters in yeast and Kappa particles in paramecium,
· Sex-linked inheritance, Chromosome theory of inheritance.

	Unit - 4
	Linkage and Mutations
	14hrs

	
	· Linkage: General introduction, coupling and repulsion hypothesis, linkage in maize and Drosophila, mechanism of crossing over and its importance, chromosome mapping- linkage map in maize.
· Mutations: Types of mutations; spontaneous and induced. Mutagens: Physical and chemical, mutation at the molecular level, mutations in plants, animals and microbes and its merits and demerits.
· Structural and numerical chromosomal aberrations.
· Sex determination in plants and animals.
· Concept of allosomes and autosomes, XX-XY, XX-XO, ZW-ZZ, ZO- ZZ types. Allosomal (Klinefelter syndrome and Turner’s syndrome), autosomal (Down’s syndrome and Cri-Du-Chat syndrome) conditions.



Assessment – Theory:

	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Assignment/Attending conference, seminars guest talks
etc/Industrial visits /Test
	5
	
80
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	10
	
	

	Total
	20
	80
	



Scheme of Theory Examination
BT11T: Cell Biology and Genetics

Duration: 3 hrs	Maximum Marks: 80
SECTION A
1. Answer any TEN of the following. Each question carries TWO marks.	10 x 2 = 20
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

SECTION B
Answer any FIVE of the following. Each question carries SIX marks.	5 x 6 = 30
13.
14.
15.
16.
17.
18.
19.
20.
SECTION-C

Answer any THREE of the following. Each question carries TEN marks.	3 x 10 = 30

21.
22.
23.
24.
25.
*******

PRACTICAL: Cell Biology and Genetics


	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: I
	Discipline: Biotechnology

	Course Title: CELL BIOLOGY AND GENETICS (PRACTICAL)

	Course Code: BT11P
	Hours/ week:	04 hrs

	Total Contact Hours: 60 hrs
	Course Credits: 02

	Formative Assessment Marks:10
	Summative Assessment Marks: 40

	
	Duration of Exam: 03 hrs


Practical Course Objectives:
1. To train students in microscopy techniques and cell measurements using micrometry.
2. To enable students to prepare and analyze cytological preparations (mitosis and meiosis stages) using squash techniques.
3. To develop skills in staining and organelle isolation techniques (e.g., mitochondria, chloroplast).
4. To provide hands-on experience in chromosome analysis and karyotyping for normal and abnormal patterns.
5. To strengthen problem-solving abilities by solving genetic problems and interpreting experimental observations.

Practical Course outcomes (PCO)

	PCO Code
	Course Outcomes (Practical)
	BTL

	PCO1
	Demonstrate micrometry and prepare temporary
mounts to study mitosis and meiosis.
	K3 – Apply

	PCO2
	Perform staining and isolation techniques for cellular organelles like mitochondria and
chloroplasts.
	K3 – Apply

	PCO3
	Analyze karyotypes for normal and abnormal
chromosomal patterns and identify syndromes.
	K4 – Analyze

	PCO4
	Solve genetic problems related to gene interaction
and interpret experimental observations.
	K4 – Analyze



SYLLABUS - PRACTICAL

	Sl. No.
	Practical Content
	Total: 15 Units

	1.
	Use of Micrometry, measurement of onion epidermal cells and yeast.
	2

	2.
	Preparation of temporary stained squash of onion root tip to study
various stages of mitosis
	2

	3
	Preparation of temporary stained squash of onion flower buds /
Rhoeo flower buds to study various stages of meiosis
	2

	4
	Vital staining of Mitochondria
	1

	5
	Isolation of chloroplast
	1

	6
	Enumeration of RBC using Haemocytometer.
	1

	7
	Mounting of polytene chromosomes.
	2

	8
	Mounting of Barr bodies
	1

	9
	Karyotype analysis –human- (normal &Syndrome) and Onion
	1

	10
	Solve problems on gene interaction.
	2


Assessment Practical

	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Continuous assessment
	5
	


















4040
	

























50

40	50

	Mid-Semester Exam
	5
	
	

	Total
	10
	40
	



Scheme of Practical Examination
BT11P: Cell Biology and Genetics
Duration: 3hrs	Maximum Marks: 40

	1.
	Prepare temporary mitosis/meiosis slide of the material “A” provided. Identify any two stages and comment on the same and leave the slide for observation (Performance=3, principle and Procedure =5, Result =2)
	
10 M

	2.
	Measure the size of the given material “B”. Onion epidermal cells/yeast cells using micrometer.
(Performance=3, principle and Procedure =5, Result =2)
	
10 M

	3.
	Count the number of cells using haemocytometer
(performance=3, Tabulation=2)
	5 M

	4.
	Prepare the smear of the buccal epithelial cells to observe Barr Bodies
(Smear preparation=3, comment=2)
OR
Perform vital staining to observe mitochondria
(performance=3, comment=2)
	

5 M

	5.
	Record
	5 M

	6.
	Viva-Voce
	5 M



References:
1. Black J G. (2008). Microbiology: Principles and Explorations.7th Edition. Prentice Hall
2. Cowan M and Talaro KP (2009). Microbiology: A Systems Approach. 2nd Edition. The McGraw Hill.
3. Dorothy Wood., Joanne Willey and Kathleen Sandman (2022) Prescott’s
4. Microbiology, 9th Edition. McGraw Hill Education Publishers.
5. Frost W. D and Mc Campbell, E.F. (2010). Text Book of General Bacteriology. Biblio Bazaar Publishers, South Carolina, United States.
6. Gerard J. Tortora, Berdell R. Funke and Christine L. Case (2015) Microbiology: An Introduction. Pearson Education Publishers.
7. Madigan MT, Martinko J M and Parker J. (2014). Brock Biology of Micro- organisms.14thEdition. Prentice Hall International, Inc.
8. Murugesh N., Akshay Chandra Deka and Vidhya Srinivasan (2021) Hand book of practical microbiology. Sathya Publishers.
9. Ogunseitan O. (2008). Microbial diversity: form and function in prokaryotes. John Wiley &Sons. New York.
10. Pearson Tokyo., Maheshwari and Dinesh K. (2014). Bacterial diversity in sustainable agriculture. Springer International Publishing, Switzerland.
11. Pelczar M.J., Chan E. C. S and Krieg N. R. (2008). Microbiology, 5thEdition. Mc Gram-Hill publishing company, New York.
12. Powar C. B. (2010) General Microbiology, Himalaya Publishing Co.
13. Brown J. W. (2015). Principles of microbial diversity. ASM Press. Washington. USA.
14. Black J.G. (2008) Microbiology: Principles and Explorations. 7th Edition. Prentice Hall.
15. Cappucino J. and Sherman. N (2010) Microbiology: A Laboratory Manual. 9th Edition. Pearson Education Limited.
16. Madigan M.T and Martinko J.M. (2014) Brock Biology of Microorganisms 14th Edition. Parker J. Prentice Hall International. Inc.
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II SEMESTER

	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: II
	Discipline: Biotechnology

	Course Title: FUNDAMENTALS OF MICROBIOLOGY (THEORY)

	Course Code: BT21T
	Hours/ week:	04 hrs

	Total Contact Hours: 56 hrs
	Course Credits:	03

	Formative Assessment Marks: 20
	Summative Assessment Marks: 80

	
	Duration of Exam: 03 hrs


Course Objectives:
1. Provide knowledge on the history and development of microbiology and contributions of key scientists.
2. Develop an understanding of the ultrastructure, classification, and diversity of microorganisms.
3. Introduce the principles and applications of sterilization techniques and
antimicrobial methods.
4. Familiarize students with basic microbiological instrumentation including microscopes and their applications.
5. Train students in culture media preparation, pure culture techniques, and
staining methods.
6. Cultivate scientific skills for further studies in microbiology, biotechnology, and related life sciences.

Course Outcomes (COs): At the end of the course the students will be able to:

	CO
Code
	Course Outcome
	Bloom’s
Taxonomy Level (BTL)

	CO1
	Explain the historical developments in microbiology and contributions of pioneer scientists.
	K2 – Understand

	CO2
	Describe the ultrastructure and classification of different microorganisms (bacteria, viruses, fungi,
algae, mycoplasma).
	K2 – Understand

	CO3
	Apply physical, chemical, and radiation-based
sterilization techniques for microbial control.
	K3 – Apply

	CO4
	Demonstrate understanding of different types of
microscopes and their applications in microbiology.
	K3 – Apply

	CO5
	Prepare and differentiate various culture media, and practice methods for cultivation and preservation of
pure cultures.
	K3 – Apply K4 – Analyze

	CO6
	Perform and interpret staining techniques (simple,
differential, and structural) to study microorganisms.
	K3 – Apply
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SYLLABUS – THEORY

	BT21T
	FUNDAMENTALS OF MICROBIOLOGY	(56 hours)

	Unit – 1
	Scope of Microbiology and Microscopy
	14hrs

	
	· Introduction and Scope of Microbiology: Definition and history of Microbiology, contributions of Antony van Leeuwenhoek, Louis Pasteur, Robert Koch, Joseph Lister and Alexander Fleming. Importance of Scope of Microbiology as a modern science Branches of Microbiology.
· Microscopy: Principles of Microscopy-resolving power, numerical aperture, working principle and applications of light, compound microscope, Dark field microscope, Phase contrast microscope, Fluorescence microscope, confocal microscope. Electron microscopes -
TEM and SEM.

	Unit – 2
	Sterilization Techniques
	14hrs

	
	· Sterilization techniques: Definition of terms - sterilization, disinfectant, antiseptic, sanitizer, germicide, microbicidal agents, microbiostatic agents and antimicrobial agents.
· Physical methods of control: Heat: Principle, construction and applications of moist heat sterilization Boiling, Pasteurization, Fractional sterilization - Tyndallization and autoclave. Dry heat sterilization – Incineration and hot air oven. Filtration: Diatomaceous earth filter, Seitz filter, membrane filter and HEPA. Radiation: Ionizing radiation – γ-rays and non-ionizing radiation – UV rays.
· Chemical methods: Alcohols, aldehydes, phenols, halogen, metallic salts, Quaternary ammonium compounds and sterilizing gases as antimicrobial agents.
· Standards for sterilization.

	Unit – 3
	Microbiological techniques
	14hrs

	
	· Microbiological techniques: Culture Media: Components of media, Types of media: Based on consistency (Solid, semi solid,liquid, Biphasic), Based on nutritional component (Synthetic ,complex and Semisynthetic), Based on its functional use(Basal,Minimal, selective, differential, Transport, enriched and enrichment media, Maintainence ) Anaerobic.
· Pure culture methods: Serial dilution and plating methods (pour, spread, streak); cultivation, maintenance and preservation/stocking of pure cultures; cultivation of anaerobic bacteria.
· Stains and staining techniques: Principles of staining, Types of stains- simple stains, structural stains (Endospore, Capsule, Flagella) and
differential stains (Gram and Acid Fast).

	Unit – 4
	Microbial Diversity
	14hrs

	
	· Concepts of Microbial species and strains, Classification of bacteria based on Morphology (Shape and flagella), Staining reaction, nutrition and extreme environment
· General Account of Viruses, Bacteria and Eukaryotic Microorganism:
· Viruses– Structure and classification, Plant Viruses – CaMV, Animal Viruses – Hepatitis B, Bacterial Viruses – Lambda phage
· Bacteria– Ultra structure of a bacterial cell, cell wall, endospore and capsule
· Eukaryotic Microorganism-Salient features, Classification and reproduction of fungi, mycoplasma and algae.
· Economic Importance of Microorganisms.
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Assessment Theory
	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Test /Assignment/Attending conference, seminars guest
talks etc/Industrial visits
	5
	

80
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	10
	
	

	Total
	20
	80
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Scheme of Theory Examination
BT21T: Fundamentals of Microbiology

Duration: 3 hrs	Maximum Marks: 80

SECTION A
1. Answer any TEN of the following. Each question carries TWO marks.	10 x 2 = 20
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

SECTION B
Answer any FIVE of the following. Each question carries SIX marks.	5 x 6 = 30
13.
14.
15.
16.
17.
18.
19.
20.
SECTION-C
Answer any THREE of the following. Each question carries TEN marks.	3 x 10 = 30 21.
22.
23.
24.
25.

*******
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PRACTICAL: Fundamentals of Microbiology


	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: II
	Discipline: Biotechnology

	Course Title: Fundamentals of Microbiology (Practical)

	Course Code: BT21P
	Hours/ week:	03 hrs

	Total Contact Hours: 60 hrs
	Course Credits:	02

	Formative Assessment Marks:10
	Summative Assessment Marks:40

	
	Duration of Exam: 03 hrs


Practical Course Objectives
The course aims to:

1. Introduce the principles and applications of common instruments used in microbiology and biotechnology laboratories.
2. Train students in preparation of culture media and cultivation techniques for bacteria and fungi.
3. Develop skills in isolation, plating, and characterization of microorganisms from different sources.
4. Provide hands-on practice in staining and microscopic observation of microbial structures.
5. Equip students with biochemical and antimicrobial assay techniques for microbial identification and control.


Practical Course Outcomes (PCOs)

	PCO
Code
	Course Outcome
	Bloom’s Taxonomy Level (BTL)

	PCO1
	Demonstrate the working principles and applications of
essential microbiological instruments.
	K3 – Apply

	PCO2
	Prepare culture media and perform cultivation and plating
techniques to isolate microorganisms.
	K3 – Apply
K4 – Analyze

	PCO3
	Isolate and characterize bacteria and fungi from soil, water,
and air based on colony and microscopic features.
	K3 – Apply

	PCO4
	Perform staining methods (bacterial and fungal) to study
morphology and structural characteristics.
	K3 – Apply

	PCO5
	Conduct biochemical tests and antimicrobial sensitivity
assays for microbial identification and evaluation.
	K3 – Apply
K5 – Evaluate
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PRACTICAL SYLLABUS


	Sl. No.
	Practical Content
	Total - 15 Units

	1.
	To learn the general principle and applications of important instruments (biological safety cabinets, autoclave, incubator, BOD incubator, hot air oven, light microscope, pH meter) used in
the microbiology and biotechnology laboratory.
	2

	2.
	Preparation of culture media for bacteria, fungi and their cultivation.
	1

	3
	Plating techniques: Spread plate, pour plate and streak plate.
	1

	4
	Isolation of bacteria and fungi from soil, water and air.
	3

	5
	Colony characteristics study of bacteria from air exposure plate.
	1

	6
	Staining techniques: Fungi – Lactophenol cotton blue staining.
Study of Rhizopus, Penicillium, Aspergillus using temporary mounts.
	2

	7
	Staining techniques: Bacteria –Gram, negative, capsule, endospore staining.
	1

	8
	Biochemical Tests–IMViC
	2

	9
	Biochemical Tests: Starch hydrolysis, catalase test, gelatin hydrolysis, Oxidase Test.
	1

	10
	Antimicrobial sensitivity assay.
	1




Assessment Practical

	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Continuous assessment
	5
	


















4040
	


























50

40	50

	Mid-Semester Exam
	5
	
	

	Total
	10
	40
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Scheme of Practical Examination
BT21P: Fundamentals of Microbiology
Duration: 3hrs	Maximum Marks :40 marks



	1
	Perform Gram’s stain or endospore stain of the given sample “A”.

(Performance=3, Principle and Procedure=5, Result=2)
	10

	2
	Perform staining and identification of fungus.
(Performance=3, Identification=2, Classification and Comment=5)
	
10

	3
	Perform biochemical test (anyone)
(Performance=3, Comment = 2)
	05

	4
	Spotters (Any 5)
(Identification=1 mark each)
	05

	5
	Class Record
	05

	6
	Viva-voce
	05
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III SEMESTER

	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: III
	Discipline: Biotechnology

	Course Title: BIOMOLECULES AND BIOANALYTICAL TECHNIQUES
(THEORY)

	Course Code: BT31T
	Hours/ week:	04 hrs

	Total Contact Hours: 56 hrs
	Course Credits:	03

	Formative Assessment Marks: 20
	Summative Assessment Marks: 80

	
	Duration of Exam: 03 hrs


Course Objectives:
The course aims to:
1. Provide a detailed understanding of the structure and function of biomolecules.
2. Familiarize students with various qualitative and quantitative bioanalytical techniques.
3. Develop hands-on knowledge of instrumentation relevant to biological sciences
4. Understand the basics of radioactivity in biological research
5. Gain practical applications and theoretical knowledge.

Course Outcomes (COs): At the end of the course the students will be able to:

	CO
Code
	Course Outcome
	Bloom’s Taxonomy Level (BTL)

	CO1
	Explain the properties of water, pH, and buffers, and
their significance in biological systems.
	K2 – Understand

	CO2
	Classify and describe the structure, properties, and
functions of carbohydrates, lipids, nucleic acids, amino acids, proteins, enzymes, and vitamins.
	K2 – Understand K3 – Apply

	CO3
	Analyze enzyme kinetics, inhibition, and the role of
co-factors/co-enzymes in catalysis.
	K4 – Analyze

	CO4
	Apply principles of chromatography, electrophoresis,
and blotting for separation and identification of biomolecules.
	K3 – Apply

	CO5
	Demonstrate understanding of centrifugation and spectroscopy techniques used in biochemical
research.
	K2 – Understand K3 – Apply

	CO6
	Evaluate the applications of radioactive and stable
isotopes in biological systems and research.
	K4 – Analyze
K5 – Evaluate



SYLLABUS - THEORY

	BT31T
	BIOMOLECULES AND BIOANALYTICAL TECHNIQUES (56 hours)

	Unit – 1
	Carbohydrates, Lipids and Nucleic acids
	14hrs

	
	· Water, pH and buffers Physical properties and structure of water, Role in biological systems, Acids and Bases, pH and Buffers
· Carbohydrates: Classification-Monosaccharides, disaccharides, polysaccharides. Structure and functions of glucose, g a l a c t o s e , m a n n o s e , fructose, sucrose, starch, glycogen, cellulose. Isomerism- enantiomers, anomers, epimers, mutarotation. Reducing and non-reducing sugars.
· Lipids: Classification- Simple, compound and derived lipids. Fatty acids - Saturated, unsaturated, essential and nonessential fatty acids. Structure and functions of triglycerides, phospholipids, glycolipids. Biological importance of steroid hormones.
· Nucleic acids: Structures of purines and pyrimidines, nucleosides, nucleotides in DNA and RNA

	Unit – 2
	Amino Acids, Proteins, Enzymes and Vitamins
	14hrs

	
	· Amino acids and Proteins: - classification based on Structure, dietary requirements. Acid-base properties of amino acids, titration curve of glycine. Peptide bond formation. Structural organization of proteins - Primary, secondary (α-helix, β-sheet), tertiary, quaternary. Protein denaturation and renaturation. Classification based on structure – Fibrous (eg., α-keratin) and Globular (eg., myoglobin) proteins. Classification of proteins based on their Functions.
· Enzymes: Classification and nomenclature, Enzyme specificity, co-factors and co- enzymes (Role of vitamins), Enzyme catalysis, Mechanism of enzyme action, Enzyme kinetics: Michaelis – Menton equation (not derivation), significance of Km and V max, LB plot, Factors affecting enzyme activity, Isozyme (LDH), Enzyme inhibition- Reversible inhibition – Competitive, Non-competitive, Uncompetitive, Feedback, Irreversible inhibition
· Vitamins: Types-Water soluble and fat-soluble vitamins, sources and its functions. Vitamin deficiency disorders and common symptoms

	Unit-3
	Chromatography, Electrophoresis and Blotting techniques
	14hrs

	
	· Chromatography: Principles and applications: Paper chromatography, Thin- layer chromatography (TLC), Column chromatography (Gel permeation, Ion exchange, affinity). HPLC (High- performance liquid chromatography) and Gas Chromatography (GC).
· Electrophoresis: Basic principles of electrophoresis, Agarose gel electrophoresis, SDS PAGE, overview of native PAGE, isoelectric focusing and 2D PAGE.
· Blotting techniques: Southern, Northern, and Western blots.

	Unit-4
	Centrifugation, Spectroscopy, Radioactive and stable isotopes
	14hrs

	
	· Centrifugation: Basic principles of sedimentation, Concept of RCF. Principle and applications of Differential and Density gradient centrifugations.
· Spectroscopy: Beer- Lambert law. Principle, instrumentation and applications- Colorimeter, UV-Vis Spectrophotometry, Flame Spectrophotometer, Atomic absorption and emission spectroscopy.
· Radioactive and stable isotopes: rate of radioactive decay, units of radioactivity, measurement of radioactivity (scintillation counter and autoradiography).



Assessment - Theory

	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Assignment/Attending conference, seminars guest
talks etc/Industrial visits /Test
	5
	
80
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	10
	
	

	Total
	20
	80
	



Scheme of Theory Examination
BT31T: Biomolecules and Bioanalytical techniques

Duration: 3 hrs	Maximum Marks: 80

SECTION A
1. Answer any TEN of the following. Each question carries TWO marks.  10 x 2 = 20
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

SECTION B

Answer any FIVE of the following. Each question carries SIX marks.	5 x 6 = 30
13.
14.
15.
16.
17.
18.
19.
20.
SECTION-C

Answer any THREE of the following. Each question carries TEN marks. 3 x 10 = 30
21.
22.
23.
24.
25.

*******

PRACTICAL: Biomolecules and Bioanalytical techniques



	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: III
	Discipline: Biotechnology

	Course Title: BIOMOLECULES AND BIOANALYTICAL TECHNIQUES (PRACTICAL)

	Course Code: BT31P
	Hours/ week: 04 hrs

	Total Contact Hours: 60 hrs
	Course Credits: 02

	Formative Assessment Marks: 10
	Summative Assessment Marks: 40

	
	Duration of Exam: 03 hrs



Practical Course Objectives
The practical course aims to:
1. Train students in the calculation and preparation of biochemical solutions and buffers.
2. Provide hands-on experience in the quantitative estimation of biomolecules
(carbohydrates, proteins, nucleic acids, enzymes).
3. Familiarize students with separation techniques such as paper chromatography, TLC, and gel filtration.
4. Develop skills in using colorimetric and spectrophotometric assays for biomolecule analysis.
5. Enhance analytical thinking, data interpretation, and safe laboratory practices.


Practical Course outcomes (PCO)

	PCO Code
	Course Outcome (Practical)
	Bloom’s
Taxonomy Level (BTL)

	PCO1
	Prepare biochemical solutions and buffers with accuracy
and explain their importance in biological systems.
	K3 – Apply
K2 – Understand

	PCO2
	Estimate carbohydrates, proteins, and nucleic acids
using standard biochemical assays.
	K3 – Apply
K4 – Analyze

	PCO3
	Demonstrate enzyme activity (salivary amylase)
	K3 – Apply

	PCO4
	Apply separation techniques (paper chromatography,
TLC, gel filtration) for biomolecule identification.
	K3 – Apply

	PCO5
	Record, interpret, and present experimental data
systematically while following safe laboratory practices.
	K4 – Analyze



SYLLABUS - PRACTICAL

	Sl. No.
	Practical Content
	Total:
15 Units

	1
	Calculation and preparation of solutions: Molarity, molality, normality and percentage (W/V, W/W, V/V).
	2

	2
	Preparation of buffers- Phosphate, and citrate Buffer
	1

	3
	Estimation of Maltose/sucrose/lactose DNS method
	2

	4
	Separation of amino acids by paper chromatography
	1

	5
	Separation of sugars by TLC
	1

	6
	Estimation of Protein by Lowry Method
	1

	7
	Determination of Enzyme activity using salivary amylase.
	2

	8
	Determination of Km and Vmax
	2

	9
	Estimation of DNA by DPA method
	1

	10
	Estimation of RNA by Orcinol method
	1

	11
	Demonstration of Gel filtration Chromatography
	1



Assessment Practical

	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

























50

50

	Continuous assessment
	5
	


















4040
	

	Mid-Semester Exam
	5
	
	

	Total
	10
	40
	



Scheme of Practical Examination

BT31P: Biomolecules and Bioanalytical techniques
Duration: 3 hrs	Maximum Marks: 40 marks



	1.
	Estimate reducing sugar/Protein/DNA/RNA
(Performance=3, principle and Procedure=5, Result=2)
	
10 M

	2.
	Determine the enzyme activity of salivary amylase/ Km and Vmax (Performance=3, Principle and Procedure=5, Result=2)
	
10 M

	3.
	Separate the amino acids by paper chromatography
(Performance=3, result=2)
	5 M

	4.
	Problems on buffers, normality, molarity and percentage
(Performance=3, comment = 2)
	

5 M

	5.
	Record
	5 M

	6.
	Viva-Voce
	5 M



References:
1. Elliott, W.H., Elliott, D.C. (2009) Biochemistry and Molecular Biology 3rd Indian edition, Pub. Oxford.
2. Lehninger, A. L. (2012). Principles of Biochemistry, 6th edition, New York, NY: Worth.
3. Mathews, Van Holde and Ahern, Biochemistry by 3rd edition, Pearson education Pubishers. New Jersey.
4. Nelson, D.L., and Cox, M.M. (2004) Lehninger: Principles of Biochemistry 4th edition. WH Freeman and Co. New York.
5. Voet, D., Voet J.G. (2004). Biochemistry 2nd Edition. John Wiley & Sons. New York.
6. Buchanan. B.B (2007). Biochemistry and Molecular Biology of Plants. I.K. International Publishing House Ltd. New Delhi.
7. Neelina H. Malsch (2005), Biomedical Nanotechnology, CRC Press, Florida
8. Sharma R.K. (2009). Basic Techniques in Biochemistry and Molecular Biology.
9. I.K. International Publishing House Ltd. New Delhi.
10. Tripathi G. (2009). Cellular and Biochemical Science. I.K. International Publishing House Ltd. New Delhi.
11. Trivedi. P. C (2006). Advances in Physiology. I.K. International Publishing House Ltd. New Delhi.
12. Wilson K and Walker J, (2010) Principles and Techniques of Practical Biochemistry, 7th Edition, Cambridge, University Press.
13. Greg T. Hermanson, (2013); Bioconjugate Techniques, (3rd Edition); Elsevier Publishing, Amsterdam.

IV SEMESTER



	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: IV
	Discipline: Biotechnology

	Course Title: MOLECULAR BIOLOGY AND GENETIC ENGINEERING (THEORY)

	Course Code: BT41T
	Hours/ week:04 hrs

	Total Contact Hours: 56 hrs
	Course Credits:	03

	Formative Assessment Marks: 20
	Summative Assessment Marks: 80

	
	Duration of Exam: 03 hrs



Course Objectives:
The course aims to:
1. Provide foundational knowledge of the molecular basis of life, including structure, replication, and repair of DNA.
2. Develop an understanding of gene expression through transcription, translation, and regulation in prokaryotes and eukaryotes.
3. Introduce the concepts, tools, and vectors used in genetic engineering.
4. Familiarize students with molecular techniques such as PCR, sequencing, screening, genome editing, and recombinant DNA technology.
5. Highlight the applications of molecular biology and genetic engineering in biotechnology, healthcare, forensics, and industry.

Course Outcomes (COs): At the end of the course the students will be able to:

	CO Code
	Course Outcome
	BTL

	CO1
	Explain the structure, replication, and repair mechanisms of
DNA as the basis of heredity.
	K2 – Understand

	CO2
	Describe transcription, translation, and regulation of gene
expression in prokaryotes and eukaryotes.
	K2 – Understand
K3 – Apply

	CO3
	Demonstrate knowledge of enzymes, vectors, and gene
transfer techniques used in genetic engineering.
	K2 – Understand
K3 – Apply

	CO4
	Apply principles of PCR, sequencing, cloning, and genome
editing for molecular analysis.
	K3 – Apply
K4 – Analyze

	CO5
	Evaluate the applications of recombinant DNA technology
in medicine, agriculture, forensics, and industry.
	K4 – Analyze
K5 – Evaluate



SYLLABUS – THEORY

	BT41T
	MOLECULAR BIOLOGY AND GENETIC ENGINEERING

	Unit–1
	Molecular Basis of Life
	14 hrs

	
	· Introduction: History, Central Dogma of Molecular Biology, Watson and Crick model of DNA and forms of DNA, experimental proof of DNA as genetic material
· DNA Replication: Replication of DNA in prokaryotes and eukaryotes. Models of Replication-Theta model and rolling circle model. Fidelity of replication.
· DNA damage and repair mechanism: Photo reactivation, Excision repair,
· Mismatch repair and SOS repair

	Unit-2
	Transcription, Translation and Regulation of gene expression
	14 hrs

	
	· Transcription and RNA processing: Transcription in prokaryotes and overview of transcription in eukaryotes. Post-transcriptional modifications of eukaryotic mRNA: RNA splicing, 5’ cap formation, polyadenylation.
· Translation: Genetic code and its characteristics, Wobble hypothesis. Translation in
prokaryotes and overview of translation in eukaryotes. Fidelity of translation, inhibitors of translation. Post translational modifications of proteins
· Regulation of gene expression. Operon concept Lac and Trp.

	Unit-3
	Fundamentals and Tools of Genetic Engineering
	14 hrs

	
	· Introduction: Definition, overview, and scope of genetic engineering.
· Enzymes in Genetic Engineering: Types and roles of enzymes: Endonucleases & Exonucleases, DNase, RNase, Polymerases, Kinases, Phosphatases, Phosphorylases Ligases, DNA-modifying enzymes Restriction Endonucleases: Nomenclature, types, recognition sequences, and mechanism of action.
· Cloning Vectors: Properties of an ideal cloning vector.
Plasmid Vectors –	pBR322, pUC18. Bacteriophage Vectors – λ phage, M13. Cosmids, YACs. Expression vectors and shuttle vectors.
· Gene Transfer Techniques: Physical Methods – Electroporation, Microinjection,
Biolistics (Gene Gun). Chemical Methods – Calcium chloride-mediated
transformation, Liposome-mediated gene transfer (Lipofection). Biological Methods – Viral vectors (retrovirus), Agrobacterium-mediated transfer.

	Unit-4
	Molecular Techniques in Genetic Engineering
	14 hrs

	\
	· Amplification and Sequencing of DNA: PCR and its variations: RT-PCR qPCR DNA Sequencing Methods: Sanger sequencing Next-Generation Sequencing (NGS)
· Screening and Identification of Recombinants: Screening Methods: Blue-white
selection, Replica plating, Colony hybridization, Gene Libraries: Genomic libraries, cDNA libraries
· Genome Modification and Editing Tools: Genome Editing Techniques: CRISPR-Cas system Site-directed mutagenesis
· Applications: Production of recombinant insulin. DNA fingerprinting and its
applications in forensics. Gene therapy and its potential in treating genetic disorders.
Stem Cell Technology and Applications



Assessment – Theory:

	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Test /Assignment/Attending conference, seminars guest talks etc/Industrial visits
	5
	
80
	




100

	Seminar
	5
	
	

	Mid-Semester Exam
	10
	
	

	Total
	20
	80
	



Scheme of Theory Examination
BT41T: Molecular Biology and Genetic Engineering
Duration: 3 hrs	Maximum Marks: 80
SECTION A
1. Answer any TEN of the following. Each question carries TWO marks.	10 x 2 = 20
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
SECTION B
Answer any FIVE of the following. Each question carries SIX marks.	5 x 6 = 30
12.
13.
14.
15.
16.
17.
18.
19.
SECTION-C
Answer any THREE of the following. Each question carries TEN marks. 3 x 10 = 30
20.
21.
22.
23.
24.
*******

PRACTICAL: Molecular Biology and Genetic Engineering



	Program
	B.Sc. (CZBt/MbBtCs)
	Semester: IV
	Discipline: Biotechnology

	Course Title: MOLECULAR BIOLOGY AND GENETIC ENGINEERING (PRACTICAL)

	Course Code: BT41P
	Hours/ week:04 hrs

	Total Contact Hours: 60 hrs
	Course Credits: 02

	Formative Assessment Marks:10
	Summative Assessment Marks: 40

	
	Duration of Exam: 03 hrs


Practical course objectives:
The practical course aims to:
1. Develop hands-on skills in protein and nucleic acid extraction, purification, and quantification.
2. Apply molecular biology techniques such as electrophoresis, restriction digestion, ligation, and transformation.
3. Gain competency in DNA handling, plasmid isolation, and gene manipulation methods.
4. Analyze and interpret experimental results critically using molecular biology tools.
5. Demonstrate laboratory safety, teamwork, and documentation skills in molecular biology experiments.

Practical Course outcomes (PCO)

	PCO
Code
	Practical Course Outcome
	Bloom’s Taxonomy
Level (BTL)

	PCO1
	Estimate proteins using Biuret method and explain the
principle of colorimetric assays.
	K3 – Apply
K2 – Understand

	PCO2
	Extract and partially purify proteins from plant sources using
ammonium sulphate and organic solvents.
	K3 – Apply

	PCO3
	Isolate genomic and plasmid DNA from microbial and plant
sources, and analyze DNA using agarose gel electrophoresis.
	K3 – Apply
K4 – Analyse

	PCO4
	Perform restriction digestion, ligation, and transformation
techniques, and evaluate transformation efficiency.
	K3 – Apply
K4 – Analyse

	PCO5
	Demonstrate protein separation using SDS-PAGE and
interpret banding patterns.
	K3 – Apply
K4 – Analyse



SYLLABUS - PRACTICAL

	Sl.
No.
	Practical Content
	Total: 15
Units

	1
	Estimation of Protein by Biuret Method
	1

	2
	Extraction of protein from plant and partial purification by Ammonium sulphate precipitation.
	1

	3
	Extraction and partial purification of protein from plant source by organic solvents.
	1

	4
	Isolation of DNA from bacterial source
	1

	5
	Isolation of DNA from plant source
	1

	6
	Isolation of plasmid DNA from Bacterial source and Agarose gel
electrophoresis
	2

	7
	Restriction digestion of lambda DNA and analysis of digested
DNA fragment by gel electrophoresis
	2

	8.
	Ligation of DNA and analysis of DNA by gel electrophoresis
	2

	9.
	Preparation of competent cells, transformation by CaCl2 method and calculation of transformation efficiency
	3

	10
	Demonstration of SDS PAGE
	1



Assessment Practical
	Formative assessment
	Summative Assessment
	Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Continuous assessment
	5
	


















4040
	

























50

40	50

	Mid-Semester Exam
	5
	
	

	Total
	10
	40
	



Scheme of Practical Examination
BT41P: Molecular Biology and Genetic Engineering
Duration: 3 hrs	Maximum Marks: 40 marks



	1.
	Extract and estimate the protein in the given sample ‘A’ by ammonium sulphate (salt) /organic solvent precipitation method
(Performance=4, Principle and Procedure =4, calculations and Result =4)
	
12 M

	2.
	Isolation of Genomic DNA from the given sample B [bacteria or plant]
(Performance = 4, Principle and Procedure = 6, Result = 2)
	
12 M

	3.
	Identify and comment on Spotters D and E
(Identification 1 + Comment/principle 2)
	6 M

	4.
	Record
	5 M

	5.
	Viva-Voce
	5 M




Spotters D (Molecular biology): Replication fork, translation, transcription, Lac Operon, TRP operon, eukaryotic gene, eukaryotic mRNA
Spotters E (Genetic engineering): Ligation, restriction digestion, plasmids, chemicals (APS, acrylamide, bromothymol blue, SDS, agarose, TEMED)

References:
1. Allison A. Elizabeth (2012) Fundamental Molecular Biology, 2nd Edition. J Willey and Sons Hoboken,New Jersey
2. Aranda PS, LaJoie DM, Jorcyk C L (2012). Bleach Gel: A Simple Agarose Gel for Analyzing RNA Quality. Electrophoresis. 33(2): 366–369. Doi: 10.1002/elps
.201100335.
3. Bloch KD; Grossmann B (1995). Digestion of DNA with Restriction Endonucleases.
4. Elkins K M (2013). DNA Extraction Forensic DNA Biology.
5. Frederick M. Ausubel, Roger Brent, Robert E. Kingston, David D. Moore, J.G. Seidman, John A.Smith, Kevin Struhl (2003). Current Protocols in Molecular Biology. John Wiley & Sons, New York, United States.
6. Glick, B.R and Pasternak, J.J 1998. Molecular biotechnology, Principles and application ofrecombinant DNA, Washington D.C. ASM press
7. Howe. C. 1995. Gene cloning and manipulation, Cambridge University Press, USA
8. Karp. G 2002. Cell & Molecular Biology, 3rd Edition, John Wiley & Sons
9. Lewin, B. Gene VI New York, Oxford University Press
10. Lewis M. Agarose gel electrophoresis (basic method). Department of Pathology, University of Liverpool.
11. Rigby, P.W.J. 1987 Genetic Engineering Academic Press Inc. Florida, USA
12. Sambrook et al 2000. Molecular cloning Volumes I, II & III, Cold spring Harbor Laboratory PressNew York, USA
13. Sambrook JF, Russell DW (2001). Molecular Cloning: a Laboratory Manual. 3rd edition. Cold Spring Harbor, N.Y. Cold Spring Harbor Laboratory Press
14. Struhl K, Seidman J G, Moore D D, Kingston RE, Brent R, Ausubel FM, Smith JA. (2002). hort Protocols in Molecular Biology: A Compendium of Methods from Current Protocols in Molecular Biology. John Wiley & Sons Inc., New York, United States
15. Walker, J. M. and Ging old, E.B. 1983. Molecular Biology & Biotechnology (Indian Edition) RoyalSociety of Chemistry U.K
16. S. B. Primrose, Richard M. Twyman. (2006). Principles of gene manipulation and genomics 7th Edition. John Wiley & Sons publishers.
17. Terence A Brown. Genomes (2002). Bio Scientific Publishers, 2nd Edition. United Kingdom.

B.Sc. Biotechnology, 5th Semester

	Program Name
	B Sc Biotechnology
	Semester
	5th Semester

	Course Title
	Genetic Engineering and Basics of Bioinformatics (Theory)

	Course Code:
	DSBT51
	No. of Theory Credits
	04

	Contact hours
	60 hrs
	Duration of ESA/Exam
	03 Hours

	Formative Assessment Marks
	40
	Summative Assessment Marks
	60


Course Objectives
1. To understand the fundamental principles and cloning vectors used in genetic engineering.
2. To gain knowledge on tools and techniques used in genetic engineering
3. To understand the concept of gene cloning and construction of gene library
4. To explore the applications of genetic engineering in agriculture, medicine, biopharma and forensics.
5. To stay updated on emerging trends and advancements in genetic engineering.
6. To get an insight on the basic concepts in Bioinformatics.

Course Outcomes:
After completing this course, the student is able to understand the following:
CO 1: Fundamental principles of Genetic Engineering and characteristics of cloning vectors
CO 2: Various tools and techniques used in Genetic Engineering including genome editing and detection techniques
CO 3: Basic aspects of gene cloning and construction of genomic library
CO 4: Applications of genetic engineering in agriculture, biopharma, medicine, forensics CO 5: Basic concepts of Bioinformatics

	CONTENT OF THEORY
	60 Hrs

	Unit –I Vectors
	15

	Introduction: History, Definition, scope, of genetic engineering. Model systems: An Overview
Cloning vectors: Introduction to molecular cloning Features and applications of cloning vectors in genetic engineering.
Plasmids –pBR 322, and pUC 18 vectors and expression vectors. Screening by Antibiotic resistance and Blue white selection
Bacteriophage as vectors, Cosmids, Phagemids, BAC, YAC, Vectors for animals - SV40 and Bovine papilloma virus.
Vector for Plants - Ti Vectors
	

	Unit II- Tools & Techniques in Genetic Engineering
	15

	Enzymes – Endo & Exo nucleases, DNase, RNase, Polymerases, Kinases, Phosphatases, Phosphorylases, Ligases, DNA modifying enzymes, Restriction endonucleases – Nomenclature, types, recognition sequences and mechanism of action.
Electrophoretic techniques – Proteins and nucleic acids;
Gene Manipulation Techniques - Methods of gene delivery. Physical, chemical, and biological methods. Transformation, transfection, electroporation, and micro-injection. Gene knockout techniques in bacterial and eukaryotic organisms.
Genome Editing – Introduction, Principles and applications of genome editing
	



	techniques. CRISPR-Cas9, site-directed mutagenesis, and other genome editing methods.
Polymerase Chain Reaction – Concept, Principle, Types and Applications.
Blotting techniques – Northern, Southern and Western
DNA Sequencing – Sanger’s and Maxim & Gilbert, Overview of NGS
	

	Unit III: Gene Cloning and Applications
	15

	Isolation and Purification of DNA (Bacteria, Plant, Animal, Plasmid, Bacteriophage) & RNA. Methods for quantification and characterization of DNA samples. (Spectrophotometry).
Gene libraries- genomic libraries and cDNA library. Screening and Selection through
Colony and plaque hybridization.
Applications: Genetic Engineering in therapeutics, vaccines, diagnostics; Genetic Engineering in enzyme production, Gene therapy and its potential in treating genetic disorders, DNA fingerprinting and its applications in forensics.
Ethical and Regulatory Considerations –
Discussion of ethical implications associated with genetic engineering. Introduction to regulatory guidelines and safety considerations for genetic engineering research and applications
	

	Unit IV: Basics of Bioinformatics
	15

	Introduction to Bioinformatics: Goals, Scope, Applications in biological science and medicine, Types of sequences (DNA, RNA, and Protein) File formats (FASTA, FASTQ, SAM, BAM, and VCF etc.), Phred scores, Sequence search and retrieval, Biological databases – Sequence, structure, Special Databases, Protein, nucleotide databases and applications
Pairwise and Multiple sequence alignment, Alignment algorithms, Scoring matrices, Database Similarity search (BLAST, FASTA), Statistical significance of sequence comparison, statistical data mining
Molecular Phylogenetics: Basics, Terminology, Forms of Tree Representation, Phylogenetics Molecular Evolution and Molecular Phylogenetics, CLUSTAL W
	





Pedagogy: Lectures, Seminars, Industry Visits, Debates, Quiz and Assignments
	Assessment - Theory

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Test /Assignment
	15
	

60
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	15
	
	

	Attendance
	5
	
	

	Total
	40
	60
	



SCHEME FOR V SEMESTER B.Sc., THEORY EXAMINATION
SECTION-A

1. Answer the following. Each question carries ONE mark.	1 x 10= 10
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
SECTION-B


Answer any FIVE of the following. Each question carries TWO marks.

2. ​
3. ​
4. ​
5. ​
6. ​
7. ​
8. ​
9. ​


2 🞨 5 = 10

SECTION-C


Answer any FOUR of the following. Each question carries FIVE marks.
10. ​
11. ​
12. ​
13. ​
14. ​
15. ​

SECTION-D

Answer any TWO of the following. Each question carries TEN marks.
16. ​
17. ​
18. ​
19. ​


*******


5 🞨4 = 20









10 🞨 2 = 20

SYLLABUS - PRACTICAL

	Course Title
	Genetic Engineering
	Practical Credits
	02

	Course No./
Course Code:
	DSBT51P
	Contact hours
	60 hrs

	Content of Practical	Total units: 15

	
1. Isolation of genomic DNA from plant	(1)
2. Isolation of genomic DNA from Bacteria	(1)
3. Isolation of plasmid DNA from E. coli	(1)
4. Restriction digestion and Agarose gel electrophoresis	(2)
5. Ligation of DNA and Agarose gel electrophoresis	(2)
6. Transformation by Calcium chloride method	(3)
7. Separation of proteins by SDS PAGE	(1)
8. Demonstration of Gel filtration Chromatography	(1) Bioinformatics-
9. Different aspects of NCBI: Gen Bank, EMBL and DDBJ, BLAST and Primer design
(1)
 Different aspects of PUBMED and other data bases, CLUSTAL W	(2)










	Assessment - Practical

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Practical Exam
	

	Record
	5
	

25
	


50

	Mid-Semester Exam
	10
	
	

	Attendance
	5
	
	

	Continuous Assessment
	5
	
	

	Total
	25
	25
	



SCHEME FOR V SEMESTER B.Sc., PRACTICAL EXAMINATION (DSBT51P - GENETIC ENGINEERING AND BASICS IN BIOINFORMATICS)
MAXIMUM MARKS: 25	TIME: 3 HOURS
Extract the genomic DNA from the given material ‘A’. Write the principle and procedure for	the same.	10
Marks
Perform the similarity search for the given sequence ‘B’ using BLAST. Comment on the result.
6 Marks
Identify and comment on the given spotters ‘C’ and ‘D’.	2 x 2 = 4 Marks
Viva Voce	5
[bookmark: _TOC_250001]Marks



SCHEME OF VALUATION
(GENETIC ENGINEERING)
1. Performance : 3 Marks
Principle: 3 Marks
Procedure: 3 Marks
Result: 1 Mark

2. Performance: 3 Marks
Comment: 3 Mark

3. Identification: 1 Mark
Comment: 1 Mark

References
GENETIC ENGINEERING:
1. Principles of Gene Manipulation and Genomics (2016) 8th ed., Primrose, SB, and Twyman, R, Wiley Blackwell, ISBN: 978-1405156660.
2. Gene Cloning and DNA Analysis: An Introduction (2019) 7th ed., Brown, TA, Wiley Blackwell, ISBN: 978-1119072560.
3. Genome 4 (2017) 4th ed., Brown, TA, Garland Science, ISBN: 978-0815345084.
4. Introduction to Genomics (2015) 2nd ed., Lesk, AM, Oxford University Press India, ISBN: 978- 0198745891.
5. Genomics and Personalized Medicine: What Everyone Needs to Know (2016) 1st ed., Snyder, M, OUP-USA, ISBN: 978-0190234768.
6. Molecular Biology of the Gene (2014) 7th ed., Watson, JD, Baker, TA, Bell, SP, Gann, A, Levine, M, and Losick, R, Pearson, ISBN: 978-0321762436.
7. Principles of Gene Manipulation and Genomics (2019) 9th ed., Primrose, SB, and Twyman, R, Wiley Blackwell, ISBN: 978-1119163774.

BIOINFORMATICS
1. Harisha S, Fundamentals of Bioinformatics, I. K. International Publishing House Pvt Ltd
2. Sharma, Munjal, Shankar, A textbook of Bioinformatics, Rastogi Publications
3. T. K. Attwood, D. J. Parry-Smith, Samiron Phukan, Introduction to Bioinformatics, Pearson Education



B.Sc. Biotechnology, Fifth Semester

	Program Name
	B. Sc Biotechnology
	Semester
	5th
Semester

	Course Title
	Plant Biotechnology (Theory)

	Course Code:
	DSBT52
	No. of Theory Credits
	04

	Contact hours
	60hrs
	Duration of ESA/Exam
	3 Hours

	Formative Assessment Marks
	40
	Summative Assessment Marks
	60


Course objectives:
· To learn in vitro propagation of plants.
· To learn in vitro crop improvement methods.
· To provide knowledge of standard practices, methodologies, and applications of biotechnology in agriculture.

Course Outcomes:
After completing this course, the student is expected to learn the following: CO1: Students will be able to establish different types of plant cultures CO2: Will equip students with technical skills to establish nurseries.
CO3: Understanding the manipulation of plants for improved traits responsible for stress tolerance and nutrition fortification.
CO4: Understanding of preservation and protection of plants/crops.

	CONTENT OF THEORY
	60 hrs

	Unit–1
	15

	Introduction Plant tissue culture.
Nutrient media and use of growth regulators (Auxins, cytokinins and gibberellins) Types of culture: Embryo, Callus, Organs and Protoplast culture.
Micropropagation stages. Advantages and disadvantages of micropropagation Clonal propagation: a.Axillary bud proliferation,
b. Meristem and shoot tip culture,
c. Bud culture,
d. Organogenesis,
e. Embryogenesis.
Androgenic & Gynogenic Haploids - technique, limitations, and applications. Somatic embryogenesis; Principle, protocol and importance, Artificial Seeds.

	Unit -2
	15

	Protoplast Isolation and fusion Methods of protoplast isolation,
Somatic hybridization, identification and selection of hybrid cells, Cybrids, Potential of somatic hybridization limitations.
Secondary metabolites - suspension cultures, cell cultures, root cultures, hairy root cultures, elicitation, biotransformation, bioreactors and scaling up of secondary metabolite production, limitations, and applications.
Somaclonal variation Nomenclature, methods, applications basis and disadvantages.

	Unit -3
	10

	Cryopreservation of plant germplasm
Modes of gene delivery in plants; physical, chemical and biological Agrobacterium mediated gene transfer).
Ti and Ri plasmids, Plant expression vectors. Promoters, selectable markers, reporter genes.
	



	Unit - 4
	20

	Plant Growth Promoting Bacteria. Nitrogen fixation, Nitrogenase, Hydrogenase, Nodulation, Growth promotion by free-living bacteria.
Biopesticide (Bt cotton), Herbicide resistance (Glyphosate resistance), Enhanced nutrition (Golden rice), Genetic manipulation of fruit ripening; Delay of fruit ripening (Case study – tomato), Edible vaccine (Banana for Hepatitis B), Viral resistant plants, Drought and Salt tolerance plants (Case study- rice), flower color (Case study- Petunia).
The public acceptance of GM crops; issues and concerns, biosafety, societal and ethical aspects of genetically modified foods and crops
IPR Issues: International organization and IPR (GATT, TRIPS and WIPO), Forms of IPR: Patents, trade secrets, copyright, trademark, GI, Indian patent guidelines



Pedagogy: Lectures, Seminars, Industry Visits, Debates, Quiz and Assignments

	Assessment - Theory

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Test /Assignment
	15
	

60
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	15
	
	

	Attendance
	5
	
	

	Total
	40
	60
	



SCHEME FOR V SEMESTER B.Sc., THEORY EXAMINATION
SECTION-A

1. Answer the following. Each question carries ONE mark.	1 x 10= 10
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
SECTION-B


Answer any FIVE of the following. Each question carries TWO marks.

2. ​
3. ​
4. ​
5. ​
6. ​
7. ​
8. ​
9. ​


2 🞨 5 = 10

SECTION-C


Answer any FOUR of the following. Each question carries FIVE marks.
10. ​
11. ​
12. ​
13. ​
14. ​
15. ​

SECTION-D

Answer any TWO of the following. Each question carries TEN marks.
16. ​
17. ​
18. ​
19. ​

*******


5 🞨4 = 20










10 🞨 2 = 20

	Course Title
	Plant Biotechnology
	Practical Credits
	2

	Course	No./	Course Code:
	DSBT52P
	Contact hours
	30 hrs

	Content of Practical	Total units: 15

	1. Lab design and development and Aseptic Management.	(1)

2. Preparation of plant culture media - MS (1962), Nitsch (1969) and White's medium.	(1) Tissue culture techniques:
3. Induction of Callus culture.	(2)

4. Induction of Nodal culture.	(2)

5. Induction of Anther culture.	(2)

6. Induction of Embryo culture.	(2)

7. Hardening of plantlet and Green house maintenance.	(1)

8. Isolation of plant protoplast from leaf.	(1)

9. Preparation of synthetic seeds.	(1)

10. Temporary slide preparation and Study of VAM.	(1)

11. Temporary slide preparation and Study of Rhizobium from root nodules.	(1)






































	Assessment - Practical

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Practical Exam
	

	Record
	5
	

25
	


50

	Mid-Semester Exam
	10
	
	

	Attendance
	5
	
	

	Continuous Assessment
	5
	
	

	Total
	25
	25
	



SCHEME FOR V SEMESTER B.Sc., PRACTICAL
EXAMINATION

PRACTICAL VI - PLANT BIOTECHNOLOGY

MAXIMUM MARKS: 25	TIME: 3 HOURS
1. Prepare the explant ‘A’ for the inoculation. Comment on the technique.
10 Marks
2. Encapsulate the given sample ‘B’ and prepare synthetic seeds. Comment on the technique.	5 Marks
3. Make a temporary preparation of the sample ‘C’ (VAM/Rhizobium)
and comment.	5 Marks
4. Viva Voce	5 Marks


SCHEME OF VALUATION
(PLANT BIOTECHNOLOGY)
1. Selection of right explant and media: 3 Marks Surface sterilization and inoculation: 2 Marks Comment: 5 Marks
2. Performance: 3 Marks
Comment: 2 Marks


3. Slide preparation and identification: 3 Marks Comment: 2 Marks


	References

	1. Bhojwani, S.S. and Razdan 2004 Plant Tissue Culture and Practice.
2. Brown, T. A. Gene cloning and DNA analysis: An Introduction. Blackwell Publication.
3. Gardner, E.J. Simmonns, M.J. Snustad, D.P. 2008 8th edition Principles of Genetics. Wiley India.
4. Raven, P.H., Johnson, GB., Losos, J.B. and Singer, S.R. 2005 Biology. Tata MC Graw Hill.
5. Reinert, J. and Bajaj, Y.P.S. 1997 Applied and Fundamental Aspects of Plant Cell, Tissue and Organ Culture. Narosa Publishing House.
6. Russell, P.J. 2009 Genetics – A Molecular Approach. 3rdedition. Benjamin Co.
7. Sambrook & Russel. Molecular Cloning: A laboratory manual. (3rd edition)
8. Slater, A., Scott, N.W. & Fowler, M.R. 2008 Plant Biotechnology: The Genetic Manipulation of Plants, Oxford University Press.
9. Smith R. (2012). Plant Tissue Culture (3rd Edition) Academic Press.



B.Sc. Biotechnology, Sixth Semester

	Program
Name
	B Sc Biotechnology
	Semester
	Sixth
Semester

	Course Title
	Immunology and Animal Biotechnology (Theory )

	Course Code:
	DSBT61
	No. of Theory Credits
	04

	Contact hours
	60 hrs
	Duration of ESA/Exam
	3 Hours

	Formative Assessment Marks
	40
	Summative Assessment Marks
	60



Course Objectives:
1. To gain knowledge on the various cells and organs of the immune system and their functions,
2. To provide knowledge on antigens, antibodies and theories of antibody formation.
3. To acquire knowledge on types of effector mechanisms of the immune system.
4. To provide knowledge on immune deficiencies and several immunological techniques.
5. To learn the basic concepts of Animal cell culture and its applications.

Course Outcomes (COs): At the end of the course, the student should be able to:
· CO 1: Demonstrate comprehension of underlying structure and function of immune system.
· CO 2: Demonstrate understanding of the role of cells and molecules in immune reactions and responses
· CO 3: Demonstrate technical skills in immunological tools and techniques
· CO 4: Apply the domain-specific knowledge and skills acquired in immunology for innovative therapies and Immunotechnologies
· CO 5: Demonstrate the understanding of basic Animal cell culture techniques and its application.

	CONTENT OF THEORY
	60
Hrs

	Unit–1: Cells and Organs of the Immune System
	15

	Introduction to the Immune System: History of Immunology, Defence against pathogenic organisms.
Types of Immunity: First and second line of defense, innate and acquired/adaptive immunity, specificity, diversity, Self and non-self-recognition.
Cells of the immune system: Antigen presenting cells (APCs), Role of B and T-lymphocytes in Humoral immunity and cell mediated immunity, Clonal Selection Theory, primary and secondary immune response, Immunization, memory.
Organs of the Immune system: Thymus, bone marrow, spleen, Lymph Node, peripheral lymphoid organs

	Unit -2: Molecules of the Immune System
	15



	Antigens and haptens: Properties (foreignness, molecular size, heterogeneity). Adjuvants. Antigenicity and Immunogenicity. Affinity and Avidity. B and T cell epitopes, Immunoglobulins: Classification, structure and function. Monoclonal and polyclonal antibodies.
Major histocompatibility complexes: Classification, structure and function.
Antigen processing pathways– Cytosolic and Endocytic
Cytokines: Classification and functions Complement system: Classical, alternate and MBL Pathways

	Unit – 3: Immunotechniques and Immunology in health and diseases
	15

	Precipitation and Agglutination
Immunodiffusion reactions: Radialimmunodiffusion, Ouchterlony double diffusion, Immunoelectrophoresis.
Agglutination reactions.
ELISA, RIA, Immunocytochemistry, Fluorescent techniques
Vaccines: Types and Uses. Immunization schedules.
Hypersensitivity Reactions: Types I, II and III. Delayed Type Hypersensitive Response. Autoimmune Disorders: Systemic and Organ-specific Autoimmune disorders with examples Immunodeficiencies: Primary	and	secondary	immunodeficiencies; Acquired immunodeficiency syndrome

	Unit – 4: Animal Biotechnology
	15

	Introduction and scope of Animal Biotechnology
Cell culture Technique-Physio-chemical properties of media, Media components and their role, Types of media (Natural and Defined, Role of serum and serum free media).
Primary culture- Isolation of tissue, tissue disaggregation and cell lines and their maintenance.
Secondary cell culture: Transformed cell lines
Advantages of using animal cells for expression
Transfection of animal cell lines (Physical, Chemical and Biological methods) Selectable markers
Applications of Animal biotechnology:
a) Hybridomas: Production and Applications of Monoclonal antibodies
b) Transgenic animals: Transgenic sheep
c) Stem cells and its applications



Pedagogy: Lectures, Seminars, Industry Visits, Debates, Quiz and Assignments


	Assessment - Theory

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Test /Assignment
	15
	

60
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	15
	
	

	Attendance
	5
	
	

	Total
	40
	60
	



SCHEME FOR V SEMESTER B.Sc., THEORY EXAMINATION

SECTION-A

1. Answer the following. Each question carries ONE mark.	1 x 10= 10
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
SECTION-B

Answer any FIVE of the following. Each question carries TWO marks.
2 🞨 5 = 10
2. ​
3. ​
4. ​
5. ​
6. ​
7. ​
8. ​
9. ​
SECTION-C


Answer any FOUR of the following. Each question carries FIVE marks.
10. ​
11. ​
12. ​
13. ​
14. ​
15. ​

SECTION-D
Answer any TWO of the following. Each question carries TEN marks.
16. ​
17. ​
18. ​
19. ​


5 🞨4 = 20










10 🞨 2 = 20

*******

SYLLABUS - PRACTICAL


	Course Title
	Immunology and ABT
	Practical Credits
	2

	Course No.
	DSBT61P
	Contact hours
	60 hrs

	Content of Practical	Total units: 15

	1. Hemagglutination of ABO Blood groups and Determination of Rh factor (1)
2. Differential count of WBC (1)
3. Antigen-Antibody Reaction: Widal test (1)
4. Antigen-Antibody Reaction: VDRL test (1)
5. Radial immunodiffusion (2)
6. Ouchterlony double diffusion (2)
7. Rocket Immuno-electrophoresis (2)
8. Immunoelectrophoresis (2)
9. ELISA – Demonstrate (1)
10. Isolation of liver parenchymal cells and viability test (2)





	Assessment - Practical

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Practical Exam
	

	Record
	5
	

25
	


50

	Mid-Semester Exam
	10
	
	

	Attendance
	5
	
	

	Continuous Assessment
	5
	
	

	Total
	25
	25
	



SCHEME FOR V SEMESTER B.Sc., PRACTICAL EXAMINATION PRACTICAL VII- IMMUNOLOGY AND ANIMAL BIOTECHNOLOGY MAXIMUM MARKS: 25	TIME: 3 HOURS
1. Isolate the liver parenchymal cells from the given sample ‘A’ and stain with suitable stain. Write the principle and procedure followed.


2. Perform differential count of WBC. Discuss the result.

9 marks

7 Marks

3. Perform the blood grouping on the given sample ‘B’. Write the principle followed.	4 Marks
4. Viva Voce	5 Marks

SCHEME OF VALUATION
(IMMUNOLOGY AND ANIMAL BIOTECHNOLOGY)

1. Performance: 2 Marks
Principle: 3 Marks Procedure:2 Marks
Result: 2 Marks
2. Performance- 3 Marks
Identification of any 2 WBCs: 2 Marks Result and discussion: 2 Marks

3. Principle: 2 Marks
Performance: 1 Marks
Result: 1 Mark

References:
IMMUNOLOGY:
1. Kuby Immunology. Kindt T.J. et at., W.H. Freeman & Co. 2018
2. Cellular and Molecular Immunology. Abbas, A.K. et al., Elsevier Saunders Co., 2015
3. Handbook of Experimental Immunology, Vol. 1 & 2, Weir D.M., Wiley, 1997
4. Immunology. Riott, I.M., Brostoff J., Male, D. Mosby Pub., 2017
5. Immunobiology. Janeway C.A. and Travers, P. Churchill Livingstone Pub., 2016
6. Practical Immunology. Hudson L. and Hay F.C., Blackwell Scientific Pub., 1989

ANIMAL BIOTECHNOLOGY:
1. Biotol series, In Vitro cultivation of animal cells, Butterworth-Heinemann Publications.
2. Butler M, Animal cell culture and technology, (2nd edition), Bios scientific publishers.
3. Freshney R I , Culture of animal cells, (4th edition)Wiley Liss Publication
4. P Ramdas, Animal Biotechnology – Recent concepts and developments, MJP Publishers
5. R Sasidhara, Animal Biotechnology, MJP Publishers

B.Sc. Biotechnology, Sixth Semester

	Program Name
	B Sc Biotechnology
	Semester
	Sixth Semester

	Course Title
	Bioprocess Technology and Environmental Biotechnology (Theory)

	Course Code:
	DSBT62
	No. of Theory Credits
	4

	Contact hours
	60 hrs
	Duration of ESA/Exam
	3 Hours

	Formative Assessment
Marks
	40
	Summative Assessment Marks
	60


Course Objectives:
1. To understand the fundamentals of bioprocess engineering and technology, and its industrial applications and emerging areas of biological science.
2. To understand soluble and immobilized enzyme technologies for the production of industrial and medical products.
3. To understand simulations of microbial growth and metabolism.
4. To understand the role of biotechnology in environmental conservation.

Course outcome: At the end of the course, the student should be able to:
1. Understand the exploitation of microorganisms for industrial use and their improvement, stoichiometric analysis, and formulation of media for efficient growth and production of microbial or cell-based products.
2. Have an idea about the design, operation, and specific applications of various bioreactors.
5. Demonstrate an understanding of environmental applications of Biotechnology

	Content of Theory
	60 hrs.

	UNIT- I
	10hrs

	Introduction to bioprocess technology. Range of bioprocess technology and its chronological development.
Isolation and screening of industrially important microorganisms: primary and secondary metabolites; Specific screening for the desired product. Maintenance of strains; Strain improvement: Mutant selection and Recombinant DNA technology
	

	UNIT- II
	20hrs

	Principles of upstream processing – Media preparation, Inoculum development, and sterilization.
Fermenter design: Basic construction of fermenter - Impeller, Baffles, Sparger; Sensors- Temperature and pH regulation and Foam control
Types of bioreactor - design and their functions: Stirred-tank, airlift bioreactor, tubular bioreactors, membrane bioreactors, tower bioreactors, fluidized bed reactor, packed bed reactors and photobioreactors
Types of Fermentation:
Solid State Fermentation, Liquid fermentation: Shake flask, Submerged, batch, fed-batch,
Continuous culture
	



	UNIT- III
	15hrs

	Down-stream processing and product recovery: Cell disruption, precipitation methods, solid-liquid separation, liquid-liquid extraction, filtration, centrifugation, chromatography, drying devices (Lyophilization and spray dry technology), crystallization, formulation, Quality Analysis
Microbial production of ethanol, amylase, lactic acid, and Single Cell Proteins. Cell and enzyme immobilization techniques
	

	UNIT- IV  Environmental Biotechnology
	15 hrs

	Modern fuels and their environmental impact:
a) Methanogens and biogas
b) Bio-hydrogen
c) Conversion of plant residues to fuel alcohol,
d) Gasohol
Bio-diesel from plant and microbial sources
Sewage/ waste water treatment (municipal wastes and industrial effluents)
Bioremediation:
Bioremediation of pesticides, herbicides, heavy metals
Bioleaching:
Bioleaching of ores by microorganisms – Thiobacillus ferrooxidans(Copper)
Biosensors and Bioindicators:
Introduction, Types and Applications, Bioindicators (Lichens and Diatoms)
Novel methods for pollution control: Vermitechnology, Biopolymers (Production of bioplastics), Integrated PestManagement (IPM)
	




Pedagogy: Lectures, Seminars, Industry Visits, Debates, Quiz and Assignments


	Assessment - Theory

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Theory Exam
	

	Test /Assignment
	15
	

60
	


100

	Seminar
	5
	
	

	Mid-Semester Exam
	15
	
	

	Attendance
	5
	
	

	Total
	40
	60
	



SCHEME FOR V SEMESTER B.Sc., THEORY EXAMINATION
SECTION-A

1. Answer the following. Each question carries ONE mark.	1 x 10= 10
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
SECTION-B

Answer any FIVE of the following. Each question carries TWO marks.
2 🞨 5 = 10
2. ​
3. ​
4. ​
5. ​
6. ​
7. ​
8. ​
9. ​
SECTION-C


Answer any FOUR of the following. Each question carries FIVE marks.
10. ​
11. ​
12. ​
13. ​
14. ​
15. ​

SECTION-D

Answer any TWO of the following. Each question carries TEN marks.
16. ​
17. ​
18. ​
19. ​

*******


5 🞨4 = 20









10 🞨 2 = 20

SYLLABUS - PRACTICAL

	Course Title
	Bioprocess Technology and Environment Biotechnology
	Practical Credits
	2

	Course No.
	DSBT62P
	Contact hours
	60 hrs

	Content of Practical

	1. Production and analysis of amylase.	(2)
2. Analysis of lactic acid.	(1)
3. Preparation of Wine	(1)
4. Estimation of alcohol by specific gravity method.	(1)
5. Cultivation of Mushroom.	(2)
6. Immobilization of yeast cells.	(2)
7. Immobilization of enzyme and determination of its activity	(2)
8. Bacterial examination of water by MPN method	(2)
9. Estimation of BOD of water samples	(2)






	Assessment - Practical

	Formative assessment
	Summative Assessment
	
Total Marks

	Assessment Occasion / type
	Weightage in Marks
	Practical Exam
	

	Record
	5
	

25
	


50

	Mid-Semester Exam
	10
	
	

	Attendance
	5
	
	

	Continuous Assessment
	5
	
	

	Total
	25
	25
	



SCHEME FOR VI SEMESTER B.Sc., PRACTICAL EXAMINATION

DSBT62P- BIOPROCESS TECHNOLOGY AND ENVIRONMENTAL BIOTECHNOLOGY

MAXIMUM MARKS: 25	TIME: 3
HOURS

1. Immobilize the enzyme ‘invertase’ in sample ‘A’ and determine its activity. Write the principle and procedure and discuss the result.
OR
Estimate BOD in the given sample ‘A’. Comment on the result.	10 Marks
2. Estimate the amount of alcohol/Lactic acid in the given sample ‘B’. Write the principle.
[bookmark: _TOC_250000]6 Marks
3. Identify and comment on the spotters ‘C’ and ‘D’.	2 x 2 = 4 Marks
4. Viva-voce	5 Marks





SCHEME OF VALUATION

1. Preparation of immobilized beads: 2 Marks Principle and procedure: 2+2 Marks Graph: 1 Mark
Result and Discussion: 3 Marks
OR
Performance: 2 Marks
Principle and procedure: 2+2 Marks Calculation: 1 Mark
Result and Discussion: 3 Marks

2. Principle: 2 Marks
Calculation: 2 Mark
Result: 1 Mark

1. Identification: 1 Mark
Comment: 1 Mark


References
BIOPROCESS TECHNOLOGY:

1. Casida LE. (1991). Industrial Microbiology. 1st edition. Wiley Eastern Limited.
2. Crueger W and Crueger A. (2000). Biotechnology: A textbook of Industrial Microbiology. 2nd edition. Panima Publishing Co. New Delhi.
3. Patel AH. (2012). Industrial Microbiology. 2nd edition, Macmillan India Limited.
4. Stanbury PF, Whitaker A and Hall SJ. (2006). Principles of Fermentation Technology. 2nd edition, Elsevier Science Ltd.
5. Colin Ratledge and Bjorn Kristiansen, Basic Biotechnology (3rd Edn.).2022
6. Jackson AT., Bioprocess Engineering in Biotechnology, Prentice Hall, Engelwood Cliffs, 1991.
7. Mansi EMTEL, Bryle CFA. Fermentation Microbiology and Biotechnology, (2nd Ed). Taylor &Francis Ltd, UK, 2007.
8. Michael, L. Shulers and Fikret Kargi. Bioprocess Engineering: Basic concepts (2nd Ed.) Prientice Hall Publishers. 2001.
9. Paulins, M. D. Bioprocess Engineering Principles. John Wiley Publishers.2003. 11. Prentice Hall, Engelwood Cliffs, 2002.
10. Prescott, Sc and Dunn, C. Industrial Microbiology, McGra


ENVIRONMENT BIOTECHNOLOGY:
1. Alexander N G, Hiroshi Nikaido, Microbial Biotechnology (1995), W. H. Freeman & Company
2. R. C. Dubey, A text book of Biotechnology, S. Chand & Company Ltd.
3. S B Sulia (2007), 2nd edition, Textbook of Biotechnology – Vol 5 (2), United Publishers
4. Fungal Ecology and Biotechnology (1993), Rastogi Publications, University Press
5. U. Satyanarayana, Biotechnology, Books and Allied (P) Ltd
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