Post Graduate Curriculum Framework

With effect from the Academic Session 2026-27, the M.Sc. in Biotechnology
programme in the Universities of Bihar shall be offered in accordance with the UGC
Curriculum and Credit Framework for Postgraduate Programmes (PGCF) and the
provisions of the National Education Policy (NEP), 2020.

The programme provides flexibility to students to pursue either a Two-Year Master's
Degree Programme or a One-Year Master's Degree Programme for candidates who
have completed a four-year undergraduate degree with the requisite credits and
qualifications as prescribed by UGC.

The curriculum is designed under the Choice Based Credit System (CBCS) and
comprises a combination of Core Courses (CCs), Discipline Specific Electives (DSEs),
Generic Electives (GEs), Skill Enhancement Courses (SECs), Ability Enhancement
Courses (AECs), and Value-Added Courses (VACs). The programme seeks to impart
advanced theoretical knowledge, computational proficiency, research aptitude, and
practical skills in Statistics and its applications.

Fach academic year shall consist of two semesters. Students shall be required to
successfully ~complete the prescribed combination of Core, Elective
(Discipline/Generic/Open), Skill Enhancement, Ability Enhancement, and Value-
Added Courses in each semester to fulfil the credit requirements of the programme.

The curriculum incorporates contemporary developments in Biotechnology. including
[PR and Biopiracy, Environmental Biotechnology, Nanotechnology and Advanced
tools and Techniques in Biotechnology. The syllabus and reading materials shall be
reviewed periodically to ensure alignment with emerging developments in academia,
research, industry, and public policy.

Teaching-learning methodologies may include lectures, tutorials, seminars, laboratory
sessions, statistical computing exercises, case studies, project work, field-based
applications, and research assignments. Practical training shall provide hands-on
experience in the use of statistical software packages, data analysis techniques,
computational tools, and real-world problem-solving.

Assessment shall be conducted through a combination of continuous evaluation and
end-semester examinations, including assignments, presentations, practical
examinations, projects, viva-voce examinations, and written tests, as prescribed by the
authorities concerned from time to time.

Students shall have the opportunity to choose elective and generic courses In
accordance with their academic interests, subject to the availability of courses and
institutional regulations, thereby promoting interdisciplinary learning and
specialization within the broad domain of Biotechnology.
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

COURSE OF STUDIES

BIOTECHNOLOGY
Programme Level Master of Science (M. Sc.)
Shbjéﬁtf Disﬁipliné . | Biﬁtechnblogy
Faculty. L i 3 F.a.rI:uity nf“.S.cience .
University Sl Universities of Bihar Established under the BSU AC 1976/PU Act
1976.
Duratiah i Two Years / Four Semesters
NHEQF Lével Lével 6.5
Effecti#e from 2026-27 dnwardé

BN pART A — PROGRAMME OVERVIEW & OBJECTIVES

A.1 Graduate Attributes (GAs)

The programme nurtures the following Graduate Attributes in alignment with the National Higher Education
Qualifications Framework (NHEQF) Level 6.5:

. Disciplinary expertise and interdisciplinary awareness
Analytical reasoning and evidence-based judgement
. Independent research and inquiry orientation

+ Digital and information literacy

. Effective communication and collaborative skills

. Ethical conduct and responsible citizenship

. Global awareness and cross-cultural competence

A.2 Programme Outcomes (POs)

The Programme Educational Objectives describe the career and professional accomplishments that
graduates are expected to attain within three to five years of graduation.

PO 1 — Scientific Knowledge and Technical Competence

Apply advanced knowledge of biological sciences and biotechnology, together with modern laboratory
techniques, bioinformatics tools, and analytical methodologies, to investigate biological systems and
address scientific and technological challenges.

PO 2 — Research, Critical Thinking, and Problem-Solving

Design and conduct experiments, analyze and interpret scientific data, demonstrate critical thinking,
and undertake independent research to solve complex biological and biotechnological problems
through innovative and evidence-based approaches.

PO 3 — Professional Skills, Communication, and Ethics
Communicate scientific information effectively, collaborate In multidisciplinary teams, and exhibit
professional competence, ethical responsibility, biosafety awareness, and understanding of intellectual
property rights in academic, research and industrial settings.

PO 4 — Innovation, Sustainability, and Lifelong Learning

Develop innovative and sustainable biotechnological solutions for challenges in healthcare, agriculture,
industry, and environmental management while engaging in continuous learning, professional
development, and adaptation to emerging scientific advancements.

A.3 Programme Specific Outcomes (PSOs)
Upon successful completion of this programme, a student shall demonstrate the following learning outcomes:

0

Effective from Qcademic Session [2026-27] | NHEQF Level 6.5 [Page 1 of 47
1\ 5. 062024 /ﬁﬂ/«#}{




Course of Studies For Universities of Bihar M. Sc. in Biotechnology

":‘30 1 — Demonstrate advanced knowledge and understanding of molecular biology, cell biology, genetics,
microbiology, biochemistry, immunology, and allied areas of biotechnology to explain biological processes at
molecular, cellular, and organismal levels.

PSO 2 — Apply modern biotechnological tools, laboratory techniques, instrumentation, bioinformatics
resources, and analytical methods for experimentation, data collection, interpretation and problem-solving in
biological sciences.

PSO 3 — Design, conduct, and evaluate research investigations independently by emp oying scientific
methodologies, statistical analysis, critical thinking, and ethical research practices in biotechnology.

PSO 4 — Utilize principles of bioprocess technology. environmental biotechnology, agricultural biotechnology,
and industrial biotechnology for the development of sustainable solutions addressing challenges in health,
agriculture, industry, and the environment.

PSO 5 — Demonstrate awareness of biosafety regulations, bioethics, intellectual property rights (IPR),
regulatory frameworks, and professional responsibilities associated with biotechnology research, innovation,
and commercialization.

BB PART B — COURSE STRUCTURE (CBCS/NHEQF FRAMEWORK)

B.1 Semester-wise Course Structure

The following table presents the two-semester course structure. Column headings: L = Lectures per week; T
= Tutorials per week; P = Practicals per week; CC = Core Course: DSE = Discipline Specific Elective; GE/OE
= Generic/Open Elective; SEC = Skill Enhancement Course; PROJ = Project/Dissertation.

Fnca | |
| Max. |

' Title of the | %
\ | P s Code | odite | .-
S.No. | Paper Code Course/Paper i L | T | P |Credits | Marks | Type
SEMESTER 1
1 | MSBIO-CC101 Core Coursel:Cell& 3 1 0 . 100 &
' Molecular Biology |

and Genetics

7 MSBIO-CC102 Core Course II: T4 0 4 100 cC

Microbiology
3 MSBIO-CC103 Core Course III: 3 ] 0 4 100 CC
' Biomolecule & Basic
Enzymology
4 MSBIO-PC104 Core Course IV: 3 i1 10l 4 100 CC
f Practical |
5 | MSBIO- Generic Elective I: 3 /110 4 100 GE

GE105/GE106 (One course to be
chosen from the
 basket I)

6 ' VAC/AEC/SEC 2 00 2 | 100 @ VAC/AEC/SEC
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] MSBIO-CC201 Core Course V: 3
Biophysics &
[nstrumentation
2 MSBIO-CC202 Core Course VI: 3
Biology of Immune
System
3 MSBIO-CC203 | Core Course VII: | 3
Bioprocess
Technology
4 MSBIO-PC204 Core Course VIII: 3
| Practical
5 MSBIO- Generic Elective 11: 3
GE205/GE206 | (One course to be
chosen from the
basket 1)
6 VAC/AEC/SEC 2 10
Total — Semester II 17
Particulars Semester Course Code
Basket 1 I MSBIO-GE105
MSBIO-GE106
Basket 11 [1 MSBIO-GE205
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Title of the

Paper Code

Total — Semester I 17 S

Course/Paper

MSBIO-GE206

P | Credits |

M. Sc. in Biotechnology
Max. ‘

Maiks e R0

0 - 100 CC
0 4 100 CC
0 - 100 CC
0 4 100 HE
0 4 100 GE
0 2 100  VAC/AEC/SEC
0 22 600
Course Title
Biofertilizer and Mushroom Technology

[PR, Bio-safety & Bioethics

Environmental Biotechnology

Basic Concepts in Laboratory techniques
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

&

8 PART C — COURSE OF STUDIES

C.1 Paper Identification

Paper Code MSBIO-CC101

Title of the Paper Core Course I: Cell & Molecular Biology and Genetics
Programme / Subject - MSc — Biotechnology

Semester - Semester |

Natﬁre nf Cﬁufse . Core Course (CC)

L- T - P 3-1-0

Credits b - . . 4 L

Maximum Marks ! 100 (ESE: 70 + Internal Assessment: 30)

Dur.:.a_l-ﬁ-m:;f_ E;;minﬁﬁon 3 Hours

C.2 Marks Distribution

Component paper| | Practical | ~ Total (ESE+IA/ESE+PRAC)
End Semester Examination 70 - — 70

Practical f Lab Work | — | = b 30

Internal Assessment — - 30 30

Maximum Marks 70 - . 30 . 100

Passing Marks 32 - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

CO 1 | Understand basic concepts and methodology in Cell Biology.

CO2 Analyse scientific progress, investigation and interpretation in cell and molecular
biology

CO3 Understand empirical evidence, logical interpretation using inductive and deductive
reasoning in cell biology

CO4  Understand cellular organization and molecular basis of life.

CO>5 Apply principles of genetics and population genetics in biotechnology.

Effective from Academic Session [2026-27] | NHEQF Level 6.5 |Page 4 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

Course Learning Outcome

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of cell biology

CLO 2 Students will be able to apply theoretical frameworks to analyse real-world problems
in Genetics

CLO 3 Students will be able to critically evaluate contending scholarly positions and
methodologies.

CLO4 Students will be able to synthesise knowledge and produce independent research
outputs in the field of Molecular Biology

C.5 Syllabus — Unit-wise Breakdown

Course Name: CELL & MOLECULAR BIOLOGY AND GENETICS (MSBIO-CC101)

L e

e e R — E————— T —

Suggested

it Conten
Un ontent Lectures hours

| Cell Biology: Diversity of cell; Cell organization, sub-cellular structure 1215
of prokaryotic and eukaryotic cells: Organelle biogenesis; Synthesis
and sorting of plasma membrane. Transport of nutrient ions and
macromolecule across cell membranes; Signal transduction and
regulation.

Structural Organization of Chromosomes: Chromatin structure,
nucleosome organization, chromosome packaging, karyotype and
chromosomal aberrations

Cell cycle: Molecular events and model system, control mechanism
Biology of cancer: Hallmarks of Cancer. Oncogenes and tumour
suppressor genes, viral and cellular oncogenes; Apoptosis

[ DNA replication in prokaryotes and eukaryotes: DNA replication 12-15

models; DNA polymerases- mode of action: RNA polymerases and

reverse transcriptase; Enzymes and proteins involved in DNA

replication (methylases, demethylases, DNases. DNA gyrase,
Topoisomerase)

DNA damage and repair mechanism: Different types of DNA

damage and repair mechanisms; Diseases caused due to impairment in

repair mechanism

Gene transfer mechanisms in prokaryotes: Transformation,
conjugation, transduction and transfection

| wm\w\zﬁ =
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

& [II  Transcription: Concept of template surfaces, Transcriptions, Post- 12-15
transcriptional processing and transport of RNA, Regulation of
transcription, Transcription factors; Structures and function of
ribonucleoproteins, SIRNA, MiRNA

Translation: Genetic code; Prokaryotic and eukaryotic translation,

regulation of translation, co- and post translational modifications of

proteins

Gene expression and regulation: Operons and regulons, repression |

and activation of Lac and Trp operons, feed back inhibition; Regulation |

of eukaryotic gene expression

[V  Antisense technology: Molecular mechanism of antisense molecules, 12-15
“application of antisense technologies. |
Mutation and Mutagenesis: Molecular basis of mutations; mutagens;
‘Spontaneous and induced mutation; Ames test for mutagenesis;
Biochemical mutation; One gene-one enzyme hypothesis. |
Transposons: Structure and types of transposons (Prokaryotic and
Eukaryotic); Mechanism of transposition (replicative and non-
replicative); Application of transposon

V  Extrachromosomal inheritance:Cytoplasmic inheritance in plants 8-10
and animals: Genome organization of Mitochondria and Chloroplast |
Sex determination:Sex determination in dioecious plant
(Melandrium, Coccinia) and animals (Drosophila, human beings):
Sex link, Sex limited and Sex influenced inheritance; Sex
differentiation
Population Genetics: Hardy-Weinberg equilibrium; Gene and
genotypic frequencies

Total Suggested Lectures 60 (For4
Credit Course)

C.6 Prescribed Textbooks

1. Alberts, B. (2022). Molecular Biology of the Cell. Garland Science.

2. Lodish, H. (2021). Molecular Cell Biology. W.H. Freeman.

3. Cooper, G.M. (2019). The Cell: A Molecular Approach. Sinauer Associates.
4. Pierce, B.A. (2023). Genetics: A Conceptual Approach. W.H. Freeman.

5. Watson, J.D. (2017). Molecular Biology of the Gene. Pearson.
C.7 Reference Books & Readings

1. Lewin, B. (2018). Genes XII. Jones & Bartlett Learning.
2. Klug, W.S. (2018). Concepts of Genetics. Pearson.

© 3. Griffiths, A.J.F. (2020). Introduction to Genetic Analysis. W.H. Freeman.
Effective from Academic Session [2026-27] | NHEQF Level 6.5 [Page 6 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology
_ . .Karp, G. (2019). Cell and Molecular Biology: Concepts and Experiments. Wiley.

5 De Robertis. E.D.P. (2017). Cell and Molecular Biology. Lippincott Williams & Wilkins

C.8 Suggested E-Resources / Digital Repositories

SWAYAM: Cell Biology
SWAYAM: Molecular Biology
e-PG Pathshala: Cell Biology
e-PG Pathshala: Genetics

NDL India Digital Repository

C.9 Assessment Pattern & Question Paper Design

The End-Semester shall be conducted as per the following question paper design:

. Section A' Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

«  Written Test(s): 20 marks
+  Seminar / Assignment / Project: 05 marks
.+ Attendance & Class Participation: 05 marks

Effective from Aﬁdemic Session [2026-27] | NHEQF Level 6.5 [Page 7 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

@ .1 Paper Identification

S0 oo arnRTRORLESSEEEIAN - L

Paper Code MSBIO-CC102

Title of the Paper Core Course II: Microbiology
Programme / Subject . | MSc — Biotechnology

Semester o - Semester |

Nature of Coﬁrse Core Course (CC)

L-T-P 3-1-0

Credits 4

Maiimum Marks 100 (ESE: 70 + Internal Assessment: 30)

Duration of Examination 3 Hours

C.2 Marks Distribution

Component Paper | | Practical ‘ i Total (ESE+IA/JESE+PRAC)
End Semester Examination 70 - — 70
Practical / Lab Work —_ - s . 30
Internal Assessment — - . 30 30
Maximum Marks 70 - 30 100
Passing Marks . 32 - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

- CO1 ptroduce diversity and classification of microorganisms.

CO 2 ' Analyse microbial growth, physiology

CO 3 Understand microbial metabolism.

CO4 ' Assess microbial pathogenicity and disease.

CO 5  Apply microbiological principles in biotechnology

Effective from Acaqgic Session [2026-27] | NHEQF Level 6.5 |Page 8 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

| ‘,.4 Course Learning Outcomes (COs)

Course Learning Outcome

CLO1 Upon completion, students will be able to recall and describe the foundational concepts
of Microbiology.

CLO 2

CLO3

CLO 4

Students will be able to apply theoretical frameworks to analyse real-world problems

‘in Microbiology.

Students will be able to critically evaluate contending scholarly positions and

methodologies in Microbiology

outputs in the area of Microbiology.

C.5 Syllabus — Unit-wise Breakdown

1

Students will be able to synthesise knowledge and produce independent research

Course Name: MICROBIOLOGY (MSBI10-CC102)

e ——— e i T

Content

General introduction; History and scope of microbiology; theory of
spontaneous generation.
Methods of microbiology: Sterilization-Different types of sterilization

Suggested
Lectures hours

12-15

(moist heat, dry heat, filtration, radiation and chemicals);
Microbiological Media: types and significance; techniques of pure

culture; maintenance and preservation of microorganisms; Staining:
types of microbial staining techniques

Microbial growth: Mathematical expression of growth, Growth curve,
Measurement of growth; Various factors affecting growth

Microbial systematics: A general idea of classification of microbes:
Whittaker’s five kingdoms and Woese et al ’s three domains;
morphological, physiological, biochemical and molecular criteria for
the classification of bacteria (scheme not required); Nutritional
classification of microorganisms

Diversity of microorganisms:

Bacteria- purple and green bacteria, cyanobacteria, homoacetogenic
bacteria, gliding and sheathed bacteria, lactic acid bacteria, endospore
forming rods and cocci, chlamydias and mycoplasma

Archea- Concept of Archea, halophiles, acidophiles, thermophiles,
methanogenes

Structure of bacteria: Ultra structure of Gram positive and Gram

negative bacteria with special reference to cell membrane, cell wall,
flagella, capsule and slime layer, genome, ribosome, plasmid and
endospores; Biosynthesis of peptidoglycan

Fffective from Academic Session [2026-27] | NHEQF Level 6.5 |Page 9 of 47

12-15

@ 24\03{>8

»

?i\j? :.E_r' ﬁ

A==
-




Course of Studies For Universities of Bihar M. Sc. in Biotechnology
& . III | Eukarya- Fungi, slime mold and protozoa 12-15
| Viruses- A general idea of structure of different kinds of viruses; Plant
viruses: tobacco mosaic virus; structure of bacteriophages belonging to
“T* series; Lytic cycle and its regulation; lysogeny and its regulation in
lambda phage
Prions and viroids: Recent development in research

e R ————— _— 3 e —

[V  Host-parasite relationships: Entry of pathogens into the host, 12-15

colonization and factors predisposed to infections; types of toxins (Exo-

. endo- and entero-) and their structure, mode of action, virulence and
_pathogenesis

'Microbial diseases: Overview of microbial diseases; diseases caused

by Gram positive cocci - pneumonia; diseases caused by Gram negative

cocci - gonorrhea; diseases caused by Gram positive bacilli - |
tuberculosis, tetanus; diseases caused by Gram negative bacteria of |

family Enterobacteriaceae - enteric fever; diseases caused by other

'Gram negative bacilli - cholera; sexually transmitted diseases; AIDS

—_—a —_—— - e — e = e = - — e —— 5

V  Antibiotics: Different types of antimicrobial agents, Mode of action; 8-10

Resistance to antibiotics.
Biological nitrogen fixation: Free living and symbiotic nitrogen fixing
organisms; Mechanism of nitrogen fixation
| | Total Suggested Lectures 60 (For 4
| | Credit Course)

C.6 Prescribed Textbooks

1. Tortora, G.J. (2021). Microbiology: An Introduction. Pearson.

2. Prescott, L.M. (2020). Prescott's Microbiology. McGraw-Hill.

3. Pelczar, M.J. (2017). Microbiology. McGraw-Hill.

4. Willey, J.M. (2020). Prescott's Principles of Microbiology. McGraw-Hill.

5. Madigan, M.T. (2021). Brock Biology of Microorganisms. Pearson.
C.7 Reference Books & Readings

1. Atlas, R.M. (2018). Handbook of Microbiological Media. CRC Press.
2. Atlas, R.M. (2017). Principles of Microbiology. McGraw-Hill.
3. Singleton, P. (2018). Bacteria in Biology, Biotechnology and Medicine. Wiley.

4. Cappuccino, J.G. (2018). Microbiology: A Laboratory Manual. Pearson.
5. Stanier, R.Y. (2019). General Microbiology. Macmillan.

Effective from Academ_ﬁ' Sess}on [2026-27] | NHEQF Level 6.5 |Page 10 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

A

C.8 Suggested E-Resources / Digital Repositories

e SWAYAM: General Microbiology

e SWAYAM: Industrial Microbiology
e ¢-PG Pathshala: Microbiology

e Shodhganga Theses on Microbiology
e NDL India

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
.  Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:
+  Written Test(s): 20 marks
«  Seminar / Assignment / Project: 05 marks
+ Attendance & Class Participation: 05 marks
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-@9.1 Paper Identification

e v 0 vorAbR ROBIEG A R SE

Paper Code MSBIO-CC103

Title of the Paper Core Course III: Biomolecule and Basic Enzymology
Programme / Subject MSc — Biotechnology

Semester. e Semester |

Nature of Course I Core Course (CC)

L-T-P 3-1-0

Credits . 4

Maximum Marks 100 (ESE: 70 + Internal Assessment: 30)

Duration of Ex-ﬁmil;;l;it.m" | 3 Hours -

C.2 Marks Distribution

Component Paper| | Practical | Total (ESE+IA/ESE+PRAC)
End Semester Examination 70 - — 70

Practical / Lab Work — - — 30

Internal Assessment — - 30 30

Maximum Marks 70 - 30 100

Passing Marks - 32 - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

COT  Understand chemical basis of biological systems.
CO2 Analyse structure and function of biomolecules.
CO3" Understand enzyme Kinetics and catalysis.

CO4 [ earn immobilization technologies and ribozymes.
COS5

Apply enzymology in biotechnology.

Effective from Academic Session [2026-27] | NHEQF Level 6.5 [Page 12 of 47

/?!,EL"” 2
uty (judiclal)




Course of Studies For Universities of Bihar M. Sc. in Biotechnology

@.4 Course Learning Outcomes (COs)

CLO |

No.

CLO |

CLO 2

CLO 3

Course Learning Outcome

' Upon completion, students will be able to recall and describe the foundational
concepts of biomolecules.

Students will be able to apply theoretical frameworks to analyse real-world problems
in the area of Biochemistry.

Students will be able to critically evaluate contending scholarly positions and
methodologies. In the area of enzyme Kinetics.

CLO 4  Students will be able to synthesize knowledge and produce independent research

outputs in the area of biomolecule and enzymology.

C.5 Syllabus — Unit-wise Breakdown

Course Name: BIOMOLECULE AND BASIC ENZYMOLOGY (MSBIO-CC103)

Suggested
Lectures hours

Content

11

11

Y

Chemical foundation of Biology: pH, pK, acid, bases, weak bonds, 8—-10
covalent bonds; Buffers

Carbohydrates:  Classification, types, Optical isomerism,
Mutarotation, Basic structure and functions of monosaccharides,
Oligosaccharides (with special reference to some disaccharide:

maltose, cellobiose, lactose, sucrose), polysaccharides (cellulose,

starch, glycogen)

Amino Acids: Structure, properties (acid-base, chemical, optical 12-15
isomerism, isoelectric points),classification and functions; non-protein

amino acid; Biosynthesis of major amino acids (Glycin, Proline, Serine,

Glutamic acid)

Structure of Proteins: Primary, Secondary (o-helix, B-sheet), Tertiary

and Quaternary structures of proteins; Conjugated and metal binding

proteins

Lipids: Classification, structure, properties and function of fatty 12-15
acids; Phospholipids; Glycolipid; Lipoprotein

Nucleic acids: Structure and chemistry of DNA and RNA; Melting of

DNA., Denaturation and Renaturation kinetics.

Ribozyme technology: Types of ribozymes, application of ribozyme 12-15
technologies |
Immobilization of enzyme: Physical and chemical methods of
immobilization of enzymes and cells; immobilization supports; kinetics

of immobilized enzymes; Advantages and industrial applications of
immobilize enzymes and cells

Effective from Academic Session [2026-27] | NHEQF Level 6.5 [Page 13 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

® ~ V  Enzymes: Characteristics, Co-enzymes, kinetics. determination of Km 12-15
and Vmax using different plots; mechanism of action - binding of

substrate and lowering of activation energy, covalent catalysis, acid-
base catalysis; regulation- general concepts, allosteric regulation

’ 60 (For 4
| Credit Course)

- S

Total Suggested Lectures

C.6 Prescribed Textbooks

1. Nelson, D.L. (2021). Lehninger Principles of Biochemistry. W.H. Freeman.
2. Voet, D. (2019). Biochemistry. Wiley.

3. Berg, J.M. (2019). Biochemistry. W.H. Freeman.

4. Satyanarayana, U. (2022). Biochemistry. Elsevier.

5. Stryer, L. (2019). Biochemistry. W.H. Freeman.

C.7 Reference Books & Readings
1. Segel, LLH. (1993). Enzyme Kinetics. Wiley.

2. Palmer, T. (2012). Enzymes: Biochemistry, Biotechnology and Clinical Chemistry. Horwood.
3. Dixon, M. (2018). Enzymes. Academic Press.

4. Copeland, R.A. (2000). Enzymes: A Practical Introduction. Wiley.

5. Price. N.C. (2018). Fundamentals of Enzymology. Oxford University Press.

C.8 Suggested E-Resources / Digital Repositories

SWAYAM: Biochemistry
SWAYAM: Enzyme Science and Technology

e-PG Pathshala: Biomolecules
e-PG Pathshala: Enzymology

¢ NDL India

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
«  Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

Written Test(s): 20 marks
« Seminar / Assignment / Project: 05 marks
+ Attendance & Class Participation: 05 marks

Effective from Academic Session [2026-27] | NHEQF Level 6.5 |[Page 14 of 47

K24\ 24 1\/’ o Jr e T—




QJ Paper Identification

Course of Studies For Universities of Bihar M. Sc. in Biotechnology

Paper Code MSBIO-PC104
Title of the Paper Core Course IV: Practical
Programme / Subject : MSc — Biotechnology
Semesfér o Semester |
Nature of Course . Core Course (CC)
L-T-P . 3-1-0
Credits . 4
Maxilﬁum. M;rks 100 (ESE: 70 + Internal Assessfnent: 30)
Dl.lr:it.i-(.n”l;f Examination . 3 Hours -
C.2 Marks Distribution

Component Paper| | Practical Total (ESE+IA/ESE+PRAC)

End Semester Examination 70 — - 70
Practical / Lab Work — 30 . - 30
Internal Assessfnent — - I - 30
Maximum Marks 70 30 - 100

. Passing Marks 32 . 13 - 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

CO1

CO 2

CO3

CO4 | Develop competency in data collection and interpretation.

CO 5

Develop laboratory skills in molecular biology.

Develop laboratory skills in microbiology.

Train students in analytical biochemical techniques.

Familiarize students with laboratory safety and good laboratory practices.

Eftectlve from Academic Sessmn [2026-27] | NHEQF Level 6.5 |Page 15 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

..4 Course Learning Outcomes (CLOs)

Course Learning Outcome

CLO 1 | Upon completion, students will be able to recall and describe the foundational
concepts of microbiological experiments.

CLO 2 ' Students will be able to apply theoretical frameworks to analyse real-world problems
in molecular biology.

CLO 3 ' Students will be able to design and document laboratory protocols.

CLO 4  Students will be able to synthesise knowledge and produce independent research
outputs in analyzing experimental data.

C.5 Syllabus — Unit-wise Breakdown

Course Name: PRACTICAL (MSBIO-PC104)

Content ‘ Suggested Hours

I |1 Mitotic and meiotic slide preparation of plant. 16-20
2. Counting of cell by haemocytometer.
3. Assay of antibiotic resistance by disc diffusion method.
4, [solation of auxotrophs by replica plate technique.
5, Transformation of E.coli with standard plasmids,
Calculation of transformation efficiency.
14 6: Sterilization, disinfection, safety in microbiological 24-30
laboratory.
7. Preparation of media for growth of various
microorganisms.
8. Isolation and Identification of various microorganisms.
9. Biochemical tests for identification of Bacteria —
Oxidase, catalase, IMViC test, etc.
10. Staining and enumeration of microorganisms.
11. Growth curve, measure of bacterial population by

turbidometry and studying the effect of temperature, pH,
carbon and nitrogen.
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

Growth curve, measure of bacterial population by 24-30)
turbidometry and studying the effect of temperature, pH.
carbon and nitrogen. |
To prepare an Acetic-Na Acetate Buffer system and
validate the Henderson-Hasselbach equation.

To determine an unknown protein concentration by
plotting a standard graph of BSA using UV-VIS
Spectrophotometer. |
To determine an unknown carbohydrate concentration
by plotting a standard graph of glucose using UV-VIS
Spectrophotometer.

Separation of aliphatic, aromatic and polar amino acids Ii 16-20
by TLC. |
AN ENZYME PURIFICATION THEME (such as
E.coli any enzyme of the institutions choice). |

(i) Preparation of cell-free lysates

(ii) Ammonium Sulfate precipitation

(iii) Ion-exchange Chromatography

(iv) Gel Filtration

(v) Affinity Chromatography

Separation of protein by SDS-PAGE 16-20

'19. Separation of DNA by Agarose electrophoresis

20.
21.
22.
23,

24,
25,

26.

Determination of amylase enzyme activity

Enzyme Kinetic Parameters: Km, Vmax.
Immobilization of enzymes (Amylase.) by Na alginate
method.

Whole cell immobilization (Yeast) by Na Alginate and
the estimation of alcohol produced.

Effect of NaCl on amylase activity

Effect of Temperature on activity of Amylase and
determination of optimum temperature.

Effect of pH on activity of Amylase and determination
of optimum pH

e ——

Total Suggested Lectures

120 (For 4 Credit
Course)

e ——— — - - ——— = — - ———— —_

e ——— — — —— e — £ ————m = F — ——— . " —

C.6 Prescribed Textbooks

1. Verma, P. S., & Agarwal, V. K. (2010). Cell Biology, Genetics, Molecular Biology, Evolution and

Ecology. New Delhi

: S. Chand & Co.

2. Karp, G. (2013). Cell and Molecular Biology: Concepts and Experiments (7th ed.). New York:

John Wiley & Sons.

3. Cappuccino, J. G., & Sherman, N. (2014). Microbiology: A Laboratory Manual (10th ed.). Boston,
MA: Pearson Education
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

_ @. Willey, J. M., Sherwood, L. M., & Woolverton, C. J. (2020). Prescott's Microbiology (11th ed.).
New York, NY: McGraw Hill Education

5. Madigan, M. T., Bender, K. S., Buckley, D. H., Sattley, W. M., & Stahl, D. A. (2021). Brock
Biology of Microorganisms (16th ed.). New York, NY: Pearson Education

C.7 Reference Books & Readings

1. Ausubel, F. M., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A., & Struhl,
K. (Eds.). (1995). Current Protocols in Molecular Biology. New York, NY: John Wiley & Sons

2. Gallagher, S. R., & Wiley, E. A. (2008). Short Protocols in Molecular Biology (5th ed.). Hoboken,

NJ: John Wiley & Sons
3. Lodish, H., Berk, A., Zipursky, S. L., Matsudaira, P., Baltimore, D., & Darnell, J. E. (2000).

Molecular Cell Biology (4th ed.). New York, NY: W. H. Freeman and Company
4. Nelson, D. L., & Cox, M. M. (2021). Lehninger Principles of Biochemistry (8th ed.). New York,

NY: W. H. Freeman and Company
5. Wilson, K., & Walker, J. (2010). Practical Biochemistry: Principles and Techniques (6th ed.).

Cambridge, UK: Cambridge University Press
C.8 Suggested E-Resources / Digital Repositories

« NPTEL Biotechnology and Microbiology Courses
« SWAYAM Portal

« ¢-PG Pathshala (Biotechnology and Life Sciences)
« National Digital Library of India (NDLI)

« Virtual Labs (Biotechnology and Biochemistry)

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

«  Written Test(s): 20 marks
+ Seminar/ Assignment / Project: 05 marks
« Attendance & Class Participation: 05 marks
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

C.1 Paper Identification

Paper Code MSBIO-GE105

Title of the Paper ?::;;i;lfgljctive Course I: Biofertilizer and Mushroom
Pfogramﬁle / Subject . MSc — Biotechnology

Semester Semester |

Nature ﬂf Course Generic Elective (GE)

L - T 7 B o 3—-1-0

Credits =

Maximum Marks . 100 (ESE: 70 + Internal Assessment: 30)

Duration of Examination 3 Hours

C.2 Marks Distribution

Component Paper | | Practical i ‘ Total (ESE+IA/JESE+PRAC)
End Semester Examination 70 - — 70

Practical / Lab Work — | - e 30

Internal Aésessment — . - 30 30

Maximum Marks 70 - 30 100

Passing Marks 32 - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)
I

CO

No. ; Course Objectives

CO 1 Understand the role of biofertilizers in sustainable agriculture.
CO2 . [earn isolation, production and application of biofertilizers.
CO3  Understand mycorrhizae and cyanobacterial inoculants.

- CO4 I

Develop knowledge of mushroom cultivation technology.

Effective from Academic Session [2026-27] | NHEQF Level 6.5 |[Page 19 of 47
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

¢ CO5 Explore commercial applications of mushroom production and biofertilizer industries.

C.4 Course Learning Outcomes (CLOs)

CLO

N Course Learning Outcome
No. '

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of biofertilizer and mushroom technology.

CLO 2 Students will be able to apply theoretical frameworks to analyse real-world problems
in the area of biofertilizer and mushroom technology.

CLO 3 | Students will be able to analyze mycorrhizal and cyanobacterial systems

CLO 4 Students will be able to develop entrepreneurship opportunities in biofertilizer and
mushroom industries.

C.5 Syllabus — Unit-wise Breakdown

Course Name: BIOFERTILIZER AND MUSHROOM TECHNOLOGY (MSBIO-GE105)

|
Suggested

Content
Lectures hours

[ Introduction to biofertilizers-Structure and characteristic features of the 12-15

following biofertilizer organisms: Bacteria: Azospirillum, Azotobacter,

Rhizobium and Frankia. Cyanobacteria: Anabaena, Nostoc Fungi:

Glomus, Gigaspora

Nitrogenous Biofertilizers: Bacteria - Isolation and purification of
zospirillum and Azotobacter, mass multiplication of Azospirillum and

Azotobacter, formulation of inoculum of Azospirillum and Azotobacter,

application of inoculants of Azospirillum and Azotobacter. Isolation

and purification of Rhizobium, mass multiplication and 1noculum

production of Rhizobium, Methods of application of Rhizobium
inoculants

— e b ome om B = —_————— ——

[ Isolation and purification of Cyanobacteria- Mass multiplication of 1215

cyanobacterial bioinoculants - Trough or Tank method, Pit method,
Field method; Methods of application of cyanobacterial inoculum.
Azolla - mass cultivation and application in rice fields.

Mycorrhizae - Ecto and endomycorrhizae and their importance in
agriculture. Isolation of AM fungi - Wet sieving method and sucrose
gradient method. Mass production of AM inoculants and field
“applications. |
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. III . | e —— : - i

[solation and Purification of phosphate solubilizers. Mass 12-15
multiplication and field applications of phosphate solubilizer |
Biofertilization processes -Decomposition of organic matter and soil

fertility and vermicomposting

Biofertilizers - Storage, shelf life, quality control and marketing

IV | Mushroom Technology - Introduction, History and Scope - Edible and 12-15
Poisonous Mushrooms. Life cycle of mushroom: Vegetative and |
reproductive phase (Formation and development of Basidiocarp,
structure of basidiocarp), Importance and nutritive value of edible
- mushrooms

V | Cultivation of button mushroom (Agaricus bisporus), milky white 8-10

mushroom (Calocybe indica), oyster mushroom (Pleurotus sajorcaju)

and paddy straw mushroom (Volvariella volvacea). Isolation and

culture of spores, culture media preparation. Production of mother

culture, mother spawn, commercial spawn.

Production of medicinal mushroom (Ganoderma lucidum) and its

medical application.

Storage of mushroom (Drying and Canning); Diseases on mushrooms
(Bacteria, Fungal and Viral) and its remedial measure

Total Suggested Lectures 60 (For 4
Credit Course)

LI — e e e e st —— e R M R e —_—— " - —— e B——— —— A — — —— A

C.6 Prescribed Textbooks

1. Dubey, R.C. (2022). A Textbook of Biotechnology. S. Chand.

7. Subba Rao, N.S. (2017). Biofertilizers in Agriculture and Forestry. Oxford & IBH.
3. Pathak, V.N. (2018). Mushroom Production and Processing Technology. Agrobios.
4. Singh, R.P. (2019). Mushroom Cultivation. Kalyani Publishers.

5 Maheshwari, D.K. (2017). Bacteria in Agrobiology. Springer.

C.7 Reference Books & Readings

1. Kannaiyan, S. (2019). Biofertilizers Technology. Scientific Publishers.
2. Sathe, A.V. (2016). Mushrooms and Mushroom Cultivation. Daya Publishing.

3. Chang, S.T. (2017). Mushrooms: Cultivation, Nutritional Value and Medicinal Effect. CRC Press.

4. Aneja, K.R. (2018). Experiments in Microbiology. New Age International.
5. Alexander, M. (2018). Introduction to Soil Microbiology. Wiley.

C.8 Suggested E-Resources / Digital Repositories

SWAYAM: Agricultural Microbiology
SWAYAM: Mushroom Cultivation
e-PG Pathshala: Biofertilizers

NDL India

e [CAR e-Courses

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

. . Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

«  Written Test(s): 20 marks
«  Seminar / Assignment / Project: 05 marks
+ Attendance & Class Participation: 05 marks
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

6.2.1 Paper Identification

T S TR

Paper Code MSBIO-GE106

Title of the Paper . Generic Elective Course II: IPR, Bio-safety & Bioethics
Programme / Subjeét . MSc — Biotechnology

Semestef - Semester |

Nature of Cﬁurse Generic Elective (GE)

L-T-P 3-1-0

Credits - . | 4

Maximum Marks 100 (ESE: 70 + Internal Assessment: 30)

Duration of Examination 3 Hours

C.2 Marks Distribution

Component Paper| | Practical | | Total (ESE+IA/ESE+PRAC)
End Semester Examination 70 - — 70

Practical / Lab Work & - 2 30

Internal Assessment — - . 30 30

Maximum Marks 70 - 30 100

Passing Marks 32 | - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

Understand the concepts and importance of Intellectual Property Rights (IPR) in

biotechnology.

CO2  Develop awareness regarding biosafety regulations and biosecurity issues.

CO 3 | Understand ethical issues associated with biotechnology and life sciences.

CO4 'Leamn procedures for patents, technology transfer and commercialization.

CO 5  Promote innovation, entrepreneurship and startup culture in biotechnology

C.4 Course Learning Outcomes (CLOs)
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

C.4 Course Learning Outcomes (CLOs)

Course Learning Outcome

CLO1 Upon completion, students will be able to Analyze the principles, procedures and

applications of IPRs in biotechnology and evaluate their commercial. legal, and
ecological implications.

CLO 2 Students will be able to Interpret and critically evaluate national and international

IPR laws, treaties and regulatory frameworks governing biotechnology research and
its commercialization.

CLO 3 Students will be able to assess biosafety risks, implement appropriate biosafety
regulations and ethical principles in biotechnology research and development.

CLO 4 Students will be able to evaluate the safety concerns associated with transgenics and
evaluate biosafety compliance measures and critically examine ethical, social.
environmental and biopiracy-related issues in biotechnology.

C.5 Syllabus — Unit-wise Breakdown

Course Name: IPR, BIO-SAFETY & BIOETHICS (MSBIO-GE106)

T e e e ——— R ———— e

Suggested
Lectures hours

Content

[ IPR: Historical background of IPR in India; IPR-Patent, Copy right, 12—15
Irade secret, Trademark, design & licensing; Procedure for patent
application in India; Examples of patents in biotechnology-Case
studies in India and abroad; Commercial and ecological implications
of IPR of biotechnology products.

[l National and International IPR Regulatory Frameworks: IPR 12-15

agreements/ Acts - WTO, GATT, WIPO, TRIPS, Convention on
Biological Diversity (1992), ITPGFRA, Patent Cooperation Treaty
(PCT), Patent act (Amended) (2005), Trade Marks Act (1999),
Copyright Act (1957), National Intellectual Property Rights Policy
(2016), Biological Diversity Act (2002), Protection of Plant Varieties
and Farmers' Rights (PPV&FR) Act, 2001 and other related national
and international laws/treaties/agreements.

[l Biosafety and Bioethics: Biosafety and biohazards: General principles 12—-15
for laboratory and environmental biosafety; Biosafety and risk
assessment issues; Handling and disposal of biohazards; Approved
regulatory laboratory practice and principles; The Cartagena Protocol
on biosafety; Biosafety regulations in India; National biosafety policy
and law; Regulations and guidelines related to biosafety in other
countries.
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

[V  Potential concerns of transgenic plants, risk and safety assessment: 12-15

Potential concerns of transgenic plants - environmental, food and feed
safety; Principles of safety assessment of transgenic plants - sequential

steps in risk assessment. Concepts of familiarity and substantial
_equivalence; Risk - environmental risk assessment, invasiveness,
weediness, gene flow, horizontal gene transfer, impact on non-target
‘organisms; Food and feed safety assessment - toxicity and
allergenicity.

V  Monitoring and detection of transgenics and bioethical issues: 8—10
Monitoring strategies and methods for detecting transgenics; Field
trials; Biosafety research trials; Standard operating procedures,
Labelling of GM food and crop; Bio-ethics - mankind and religion,
social, spiritual & environmental ethics: Ethics in biotechnology:
Biopiracy.
|

Total Suggested Lectures 60 (For 4
Credit Course)

. e —————————SSSSSSSER — e ——

C.6 Prescribed Textbooks

1. Singh, K. (2021). Intellectual Property Rights in Biotechnology. Springer.

2. Chawla, H.S. (2018). Introduction to Biotechnology. Oxford University Press.

3. Sateesh, M.K. (2017). Bioethics and Biosafety. 1. K. International.

4. Bawa, A.S. (2018). Biosafety and Bioethics. New India Publishing.

5. Jain, H.K. (2019). Intellectual Property Rights and Biotechnology. CBS Publishers.

C.7 Reference Books & Readings

1. Cornish, W.R. (2019). Intellectual Property: Patents, Copyrights and Allied Rights. Sweet &
Maxwell.

2. Resnik, D.B. (2015). The Ethics of Science. Routledge.

3. Beauchamp, T.L. (2019). Principles of Biomedical Ethics. Oxford University Press.

4. Gupta, V.K. (2018). Biosafety in Microbiological and Biomedical Laboratories. CRC Press.
5. WTO Secretariat (2017). TRIPS Agreement. WTO Publications.

C.8 Suggested E-Resources / Digital Repositories

e SWAYAM: IPR

e SWAYAM: Bioethics

¢ ¢-PG Pathshala: Intellectual Property Rights
¢ NDL India

e WIPO Academy Resources

C.9 Assessment Pattern & Question Paper Design

The End-Semester shall be conducted as per the following question paper design:

.  Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)

. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6

. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.
Internal Assessment (30 marks) breakdown:

+  Written Test(s): 20 marks

« Seminar / Assignment / Project: 05 marks

. Attendance & Class Participation: 05 marks
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, Course of Studies For Universities of Bihar M. Sc. in Biotechnology
C

A1 Paper Identification

PAPER PROFILE

Paper Code MSBIO-CC201
Title of the Paper Core Course V: Biophysics and Instrumentation
Programme-f Subjéct | MSc — Biotechnology
Sé.m;s;er“ . . Semester 11
Nature of Course | Core Course (CC)
L-T-P . | 3—-1-0
Crédits_ ..... . -4
| Ma.ximum Marks 100 (ESE: 70 + Internal Assessment: 30)
. Duration 0.1-' Exa.t-n.inatiﬁn . 3 Héurs N

C.2 Marks Distribution

Component ( Total (ESE+IA/ESE+PRAC)
End Semester Examination - 70 - — 70

Practical / Lab Work ol - 30

Intern-e;l. Aséess;ment | . - 30 . 30
Maximu:ﬁ_Marks . 70 . 30 100

Passing Marks 32 . 13 . 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

CO 1 {Understand fundamental principles of biophysics and bioenergetics.

CO 2 “.Develop knowledge of spectroscopic and analytical techniques.

CO3 | Understand principles and applications of chromatography and centrifugation.
- CO 4 :

Familiarize students with microscopy and advanced imaging techniques.

CO 5 Apply electrophoretic and immunological analytical methods in biotechnology.
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

C.4 Course Learning Outcomes (COs)

CLO

No Course Learning Outcome

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of bioenergetics and spectroscopy

CLO 2 Students will be able to apply theoretical frameworks to analyse real-world problems
In microscopy and imaging data.

CLO 3 Students will be able to critically evaluate electrophoretic and immunological
separation methods.

CLO 4 Students will be able to synthesise knowledge and produce independent research
outputs in analytical instruments for research applications

C.5 Syllabus — Unit-wise Breakdown

Course Name: BIOPHYSICS AND INSTRUMENTATION (MSBIO-CC201)

T e e S S, e e————

Suggested
Lectures hours

Content

| Bioenergetics: Principles of thermodynamics, redox potential and 12-15
free energy change of the reaction; Biological energy transducers
Spectroscopy and structural analysis techniques:

e Beer Lambert’s Law

e UV-VIS spectroscopy

e Infrared (IR) spectroscopy

* Fluorescence spectroscopy

* Atomic absorption spectroscopy

* Nuclear magnetic resonance (NMR)

* Mass spectroscopy

e X-ray diffraction

[l Chromatography: Principles, types (Paper, TLC, Affinity, lon- 12-15
exchange, Gel filtration, GLC, HPLC) and their applications

Il Centrifugation: Principles, types: Differential and density gradient 12—-15
centrifugation;  Applications of centrifugation: Determination of
molecular weight by sedimentation velocity & sedimentation
equilibrium methods

IV Microscopy: Simple Microscope; Compound Microscope; 12—15
Stereomicroscope; Phase-contrast and Fluorescence microscopes:
Electron Microscope-TEM and SEM; Cryo-Electron Microscopy
(Cryo-EM); Confocal Microscope
Autoradiography: Flow cytometry
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

V  Electrophoresis: Principles and types [Polyacrylamide gel 8§-10
electrophoresis (PAGE), SDS-PAGE, agarose gel electrophoresis, 2D
“electrophoresis and their applications; Gradient Gel Electrophoresis
(DGGE); Temperature Gradient Gel
Electrophoresis (TGGE);Pulsed field gel electrophoresis |
Immunoelectrophoresis: Types (crossed, rocket) and their

applications
Isoelectric focusing (IEF): Principles and applications

= = e e E——— — e —

60 (For 4
Credit Course)

Total Suggested Lectures

C.6 Prescribed Textbooks

1. Cotterill, R. (2018). Biophysics: An Introduction. Wiley.

2. Rodney, C. (2016). Biophysics. Wiley.

3. Upadhyay, A. (2019). Biophysical Chemistry. Himalaya Publishing.

4. Wilson, K. (2018). Principles and Techniques of Biochemistry and Molecular Biology. Cambridge

University Press.
5. Freifelder, D. (2015). Physical Biochemistry. W.H. Freeman.

C.7 Reference Books & Readings

1. Skoog, D.A. (2017). Principles of Instrumental Analysis. Cengage.

2. Chatwal, G.R. (2018). Instrumental Methods of Chemical Analysis. Himalaya Publishing.
3. Pattabhi, V. (2017). Biophysics. Narosa Publishing.

4. Van Holde, K.E. (2014). Physical Biochemistry. Pearson.

5 Lakowicz. J.R. (2013). Principles of Fluorescence Spectroscopy. Springer.

C.8 Suggested E-Resources / Digital Repositories

SWAYAM: Biophysical Techniques
SWAYAM: Bioinstrumentation
e-PG Pathshala: Biophysics

NDL India

Shodhganga (Biophysics Research)

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 X 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

«  Written Test(s): 20 marks
. Seminar / Assignment / Project: 05 marks
. Attendance & Class Participation: 05 marks
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Course of Studies For Universities of Bihar M. Sc. in Biotechnology

C.1 Paper Identification

PAPER PROFILE

Paper Code MSBIO-CC202

Title of the Paper I Core Course VI: Biology of Immune System
Programme / Subject | MSc — Biotechnology

SemeSt-t;; s Semester 11

Natufe of Course . Core Course (CC)

L-T-P . -3—1‘6

Credits e -

Maximuin Marks 100 (ESE: 70 + Internal Assessment: 30)

Duration of Examination 3 Hours

C.2 Marks Distribution

Component | Paper! | Practical | | Total (ESE+IA/ESE+PRAC)

End Semester Examination 70 - — 70
Practical / Lab Work SEmngan Y =5 30
Interﬁél Assessment i — | - 30 30
Maximum Marks ! 70 I - 30 100
Passing Marks . 32 I - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

Understand the organization and functioning of the immune system.

CO2 Explain antigen-antibody interactions and immune responses.
CO 3 Apply immunological concepts in diagnostics and therapeutics.
CO 4

Understand cellular and molecular basis of immunity.
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. Course of Studies For Universities of Bihar M. Sc. in Biotechnology

CO5 Develop knowledge of immunological disorders and immunotherapy.

C.4 Course Learning Outcomes (CLOs)

CLO | ~ )
' Course Learning Outcome

No.

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of Immune system.

CLO 2 ' Students will be able to apply theoretical frameworks to analyse real-world problems
in immunology.

methodologies in the area of immunology.

CLO 4 ' Students will be able to synthesise knowledge and produce independent research
outputs in the area of immunology for human welfare.

C.5 Syllabus — Unit-wise Breakdown

Course Name: BIOLOGY Of IMMUNE SYSTEM (MSBIO-CC202)

Content

Suggested
Lectures hours

[  Immune responses: Innate and adaptive immune responses 12-15
Cells and organs of the immune system: hematopoiesis, cells of the
immune system; Primary and secondary lymphoid organs

II | Antigens: Properties of antigens; superantigens; haptens, adjuvants 12-15
Antibody: Classes, structure and function; [mmunoglobulin
superfamily; Generation of antibody diversity

Il  T-cell receptors:Structure; organization of T-cell receptor genes and 12-15
generation of its diversity
Major histocompatibility complex: Different classes of MHC and its
role in antigen processing and presentation
Transplantation immunology: Types of orafts, grafts rejection, GVH
reactions, mechanism of graft rejection, and prevention of graft
rejection

[V Immune responses: Generation of humoral and cell-mediated immune 12—-15
responses and effector mechanisms: Complement system- different
pathways and biological function of complement proteins
Antigen-antibody interactions: Antigen-antibody interactions and its
in vivo and in vitro applications
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Hypersensitivity: Type I, Type II, Type Il and Type IV and their
significance

Autoimmunity;  Immunological tolerance; Immunosuppression:
Immunodeficiency; Immunotherapy

Interferon: recent development in research, role in therapy

Vaccines: Different types of vaccines and its merits and demerits
Recent advances in immunology: Single-cell immunology, systems
immunology, immunogenomics, multi-omics approaches and their
applications in disease diagnosis, immunotherapy and vaccine

h = Lo ) — .I'_:|

development.

Total Suggested Lectures

0 Prescribed Textbooks

. Murphy, K. (2022). Janeway's Immunobiology. Garland Science.
. Abbas, A.K. (2023). Basic Immunology. Elsevier.

. Goldsby, R.A. (2019). Kuby Immunology. W .H. Freeman.

. Delves, P.J. (2017). Roitt's Essential Immunology. Wiley.

. Kindt, T.J. (2018). Kuby Immunology. Macmillan.

.7 Reference Books & Readings

. Abbas, A.K. (2021). Cellular and Molecular Immunology. Elsevier.
. Paul, W.E. (2019). Fundamental Immunology. Lippincott.

. Male, D. (2020). Immunology. Elsevier.

. Peakman, M. (2018). Basic and Clinical Immunology. Elsevier.

. Rich, R.R. (2019). Clinical Immunology. Elsevier.

C.8 Suggested E-Resources / Digital Repositories

SWAYAM: Immunology

e-PG Pathshala: Immunology
NDL India

Shodhganga: Immunology Theses
Virtual Labs (Biotechnology)

C.9 Assessment Pattern & Question Paper Design

The End-Semester shall be conducted as per the following question paper design:

12-15

60 (For 4
Credit Course)

* Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units

(mandatory)

* Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
* Section C: Long Answer / Essay Questions (3 % 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:
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“C.1 Paper ldentification

ERREREET L i R

Paper Code
Title of the Paper

Programme / Subject

Semester Semester 11
Nature of Course Core Course (CC)
L-T-P 3—-1-0

Credits 4

Maximum Marks

Duration of Examination

C.2 Marks Distribution

3 Hours

MSBIO-CC203

| Practical

Core Course VII: Bioprocess Technology

MSc — Biotechnology

100 (ESE: 70 + Internal Assessment: 30)

| Total (ESE+IA/ESE+PRAC)

Component

End Semester Examination 70

Practical / Lab Work -

Internal Assessment —

Maximum Marks 70

Passing Marks 32

Paper |

- 70
= 30
30 30
30 100
13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

CO 3 | Understand fermenter design and process control.

CO 4

COS

Course Objectives

Understand industrial microbiology and fermentation processes.

Learn microbial growth kinetics and fermentation media design.

Develop knowledge of downstream processing.

Understand industrial production of metabolites and enzymes.
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”¢.4 Course Learning Outcomes (CLOs)

Course Learning Outcome

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of Bioprocess technology.

CI.O 2  Students will be able to apply theoretical frameworks to analyse real-world problems

in fermentation technology.

CLO 3 | Students will be able to critically evaluate contending scholarly positions and

methodologies in the area of downstream processing operations

CLO 4 Students will be able to synthesise knowledge and produce independent research

outputs in the area of fermenter design and instrumentation.

C.5 Syllabus — Unit-wise Breakdown

[l

I11
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Course Name: BIOPROCESS TECHNOLOGY (MSBIO-CC203)

Suggested

Content
Lectures hours

Industrially important microbes and their application; Chronological 12-15
development of fermentation industry.

[solation andpreservation of industrially important microorganisms

Screening methods for industrial microbes; detection and assay of
fermentation products

Strain selection and improvement (Mutation, protoplast fusion and
recombinant DNA techniques); classification of fermentation types

Microbial growth Kinetics: Batch culture, continuous culture, industrial 12-15
applications of continuous culture processes, fed-batch culture
Media for industrial fermentation: Typical media, media formulation,

‘water, energy sources, carbon sources, nitrogen sources, minerals,

vitamin sources, nutrient recycle, buffers, precursors and metabolic
regulators, oXygen requirement; Sterilization of air and media; Inoculum |
development and aseptic transfers

Design of fermenter: Construction, aeration and agitation, baffles, 12-15
achievement and maintenance of aseptic conditions, valves

Instrumentation and control: Control systems, manual, automatic,

methods of measurements of process variables, flow, temperature,

pressure, agitator shaft power, foam sensing and control, measurement

and control of dissolved oxygen, on-line analysis of process parameters,

computer control of fermenters.

. \0H-6 -’\./ 7o N ﬂ?é::——’:_
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'; Downstream processing: Removal of microbial cells and solid matter, 12—-15
foam separation, precipitation, filtration, centrifugation, liquid-liquid
_extraction, chromatography, drying and crystallization |

4 Course of Studies For Universities of Bihar M. Sc. in Biotechnology
B

'1
|

= = —_———

8-10

V  Process technology for the production of primary metabolites:
Baker’s yeast, ethanol, beer, wine, distilled spirits, acetone-butanol,
citric acid, amino acids (Glutamic acid) |
Microbial production of industrial enzymes: Cellulase and amylase
Production of secondary metabolites: Penicillin
Total Suggested Lectures - 60 (For4
Credit Course)

C.6 Prescribed Textbooks

Shuler, M.L. (2017). Bioprocess Engineering: Basic Concepts. Pearson.

Doran, P.M. (2013). Bioprocess Engineering Principles. Academic Press.

Stanbury, P.F. (2016). Principles of Fermentation Technology. Elsevier.

Crueger, W. (2019). Biotechnology: A Textbook of Industrial Microbiology. Sinauer.
Casida, L.E. (2018). Industrial Microbiology. New Age International.

SAie S T

C.7 Reference Books & Readings

1. Bailey, J.E. (2017). Biochemical Engineering Fundamentals. McGraw-Hill.

2. Nielsen, J. (2017). Bioreaction Engineering Principles. Springer.

3. Moo-Young, M. (2019). Comprehensive Biotechnology. Elsevier.

4. Ratledge, C. (2018). Basic Biotechnology. Cambridge University Press.

5. Garg, S.K. (2019). Biotechnology: F undamentals and Applications. CBS Publishers.

C.8 Suggested E-Resources / Digital Repositories

o« SWAYAM: Bioprocess Engineering

« SWAYAM: Fermentation Technology

» e-PG Pathshala: Bioprocess Technology
e NDL India

« Shodhganga

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

«  Written Test(s): 20 marks
Seminar / Assignment / Project: 05 marks
. Attendance & Class Participation: 05 marks
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-~

C.1 Paper ldentification

SR

Paper Code MSBIO-PC204
Title of the Paper Core Course VIII: Practical
Progranime / Subject MSc — Biotechnology
Semester Semester 11
Nature of Course Core Course (CC)
L-T-P . 3—-1-0
Credits 4
. Maximum Marks 100 (ESE: 70 + Internal Assessment: 30)

Duration of Examination 3 Hours

C.2 Marks Distribution

Component Paper | Practical 1 IA \ Total (ESE+IA/JESE+PRAC)

End Semester Examination 70 — - 70
Practical / Léb Work — 30 o, 30
I-ntderr;al A;séésﬁent | — — . - | 30
Maximum Marks 70 30 . - 100
Passing Marks . 32 13 - 45 (45%)

Note: Internal Assessment shall be conducted on the hasis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

CO1 ', Develop skills in immunological and bioprocess laboratory techniques.

CO 2 Train students in analytical instrumentation.

CO3 Develop competency in fermentation and downstream processing.

CO 4 | Strengthen experimental design.

CO'5 | Strengthen data analysis abilities.

Effective from Academic Sessign [2026-797‘ I‘ NHEQF Level 6.5 |Page 35 of 47
: a' . 3 "'M,.-—-—"""’_FF__
Myes—




. Course of Studies For Universities of Bihar M. Sc. in Biotechnology

C.4 Course Learning Outcomes (COs)

Course Learning Outcome

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of biophysical and immunological experiments.

CLO 2  Students will be able to apply theoretical frameworks to analyse real-world problems
in analytical instruments and interpret results.

CLO 3  Students will be able to critically evaluate experimental outcomes and troubleshoot
protocols

CLO 4 Students will be able to design and execute laboratory experiments independently

C.5 Syllabus — Unit-wise Breakdown

Course Name: PRACTICAL (MSBIO-PC204)

= ———

Suggested
Lectures hours

Content

| 1. Production of microbial fertilizers (Rhizobium, | 24-30

Azotobacter, Nostoc, Azolla).

2 Identification of mushroom by spore print method

3 Spore culture for development of primary mycelium

- Production of mother culture by tissue culture method

5 Production of mother spawn

6 Commercial production of different varieties of mushroom
(Oyster, Button and Paddy straw)

11 s [solation, Purity determination and quantification of DNA 16-20
by UV method
- 8. The ultraviolet absorption of proteins and amino acids.
9. Estimation of protein by E280/E260 method.
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I11 10. Blood smear identification of leucocytes by Giemsa stain 24-30
11 Separation of leucocytes by dextran method
12. Demonstration of Phagocytosis of latex beads
13. Separation of mononuclear cells by Ficoll-Hypaque
14. Blood grouping test
15. Ouchterlony immuno diffusion,
16. Radial Immuno diffusion
LY. Immuno-electrophoresis
18. Antibody titre by ELISA method.
19. [solation and purification of IgG from serum or [gY from
chicken egg.
20. Immunodiagnostics using commercial Kits.

IV 21 [solation and screening of industrially important 16-20
| microorganismes.
22 Determination of oxygen transfer rate and volumetric

oxygen mass transfer coefficient (KLa) under variety of
operating conditions in shake flask and bioreactor.

23 Production of microbial products in bioreactors.
- 24 Production and purification of various enzymes from
microbes.
\' 25, Comparative studies of Ethanol production using different 16-20
substrates.
26. Microbial production and downstream processing of an
enzyme, e.g. amylase
217. Microbial production of citric acid and its estimation
28. Production and assay of antibiotics by disc diffusion
method
‘Total Suggested Contact Hours For Practical/Field Work Courses 120
| Hours/Semeste
r

C.6 Prescribed Textbooks

1 Subba Rao, N. S. (1986). Biofertilizers in Agriculture and Forestry. New Delhi: Oxford & IBH

Publishing Co.

7. Nair, M. C. (1993). Handbook of Mushroom Cultivation, Processing and Packaging. New Delh:
Oxford & IBH Publishing Co

3. Lakhanpal, T. N. (1996). Mushroom Cultivation in India. New Delhi: Oxford & [BH Publishing
Co.

4. Miller, H. (2004). Molecular Biology Techniques: A Classroom Laboratory Manual. Cold Spring

Harbor. NY: Cold Spring Harbor Laboratory Press
5. Wilson, K., & Walker, J. (2010). Principles and Techniques of Biochemistry and Molecular

Biology (7th ed.). Cambridge, UK. Cambridge University Press

C.7 Reference Books & Readings
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» -

1. Dubey, R. C., & Maheshwari, D. K. (2002). Practical Microbiology. New Delhi: S. Chand
Publishing

2. Aneja, K. R. (2003). Experiments in Microbiology, Plant Pathology and Biotechnology. New
Delhi: New Age International Publishers

3. Jayaraman, J. (2011). Laboratory Manual in Biochemistry. New Delhi: New Age International
Publishers

4. Green, M. R., & Sambrook, J. (2012). Molecular Cloning: A Laboratory Manual (4th ed.). Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press

5. Sambrook, J.. Fritsch, E. F., & Maniatis, T. (1989). Molecular Cloning: A Laboratory Manual
(2nd ed.). Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press

C.8 Suggested E-Resources / Digital Repositories

« NPTEL (National Programme on Technology Enhanced Learning)
« Cold Spring Harbor Protocols

» Addgene Protocols & Educational Resources

« FAO (Food and Agriculture Organization) Mushroom Resources

« JoVE (Journal of Visualized Experiments)

« SWAYAM Portal

« ¢-PG Pathshala (Biotechnology)

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
.  Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

.« Written Test(s): 20 marks
. Seminar / Assignment / Project: 05 marks
. Attendance & Class Participation: 05 marks
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C.1 Paper ldentification

PAPER PROFILE
P

aper Code MSBIO-GE205
Title of the Paper Generic Elective Course I11: Environmental Biotechnology
Programme / Subject MSc¢ — Biotechnology
Semester Semester []
Nature of Course Generic Elective (GE)
L-T-P 3=1-0
Credits 4
Maximum Marks 100 (ESE: 70 + Internal Assessment: 30)
Duration of Examination 3 Hours

C.2 Marks Distribution

Component Paperl | Practical Total (ESE+IA/ESE+PRAC)
End Semester Examination 70 - - 70

Practical / Lab Work - - E 30

Internal Assessment - - 30 30

Maximum Marks 70 - 30 100

Passing Marks 32 - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

CO1 Understand environmental problems and their bioteclinological solutions.
COZ [earn waste treatment technologies and environmental monitoring.

CO3 Understand principles of bioremediation and biodegradation.

CO4 " Understand principles of bioremediation and biodegradation.

CO 5

Develop knowledge of renewable energy and biofuel production.
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*.4 Course Learning Outcomes (CLOs)

Course Learning Outcome

CLO 1 Upon completion, students will be able to recall and describe the foundational
concepts of environmental biotechnology.

CLO 2  Students will be able to apply theoretical frameworks to analyse real-world problems
in the area of environmental biotechnology.

CLO 3  Students will be able to critically evaluate mushroom cultivation systems and disease
management practices.

CLO 4 ' Students will be able to develop entrepreneurial ventures based on mushroom
cultivation and biofertilizer production.

C.5 Syllabus — Unit-wise Breakdown

Course Name: ENVIRONMENTAL BIOTECHNOLOGY (MSBIO-GE205)

Suggested
L.ectures hours

Content

]  Biogeochemical cycling: carbon, nitrogen and sulfur cycle 12-15
Environmental problems- Ozone depletion, green house effect and
acid rain, their impact and biotechnological approaches for
management.
Biomonitoring: Biomonitoring of water pollution (physical, chemical
and biological), Role of microbes in biomonitoring of water quality;
indicator organisms; biosensors for ecotoxicity measurement

I Treatment of wastes: Treatment of solid wastes: Composting, Land 12-15
filling, Incineration
Wastewater treatment methods: Oxidation pond, Trickling filter—|
design, operation; Activated sludge—design, operation; Anaerobic
treatment of wastewater and sludge |
Waste water treatments by plants and vermiculture

Ml  Bioremediation: Microorganisms in removal of organic and metal 12-15
pollutants; Bioremediation of contaminated ground water and
phytoremediation of soil; biodegradation and bioaugmentation;
Oil spillage and degradation of hydrocarbons;
Degradation of xenobiotics (Pesticides and Plastics)

IV Biofuels: Brief idea about renewable and non-renewable energy 12-15
resources
Production of ethanol fuel from domestic and agro-wastes
Methanogenesis and biogas production
Plant based fuel (biodiesel)
Hydrogen as fuel and its microbial production (biohydrogen)
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V | Biopesticides: Bacterial, viral and fungal biopesticides and their and 8-10
applications, Integrated Pest Management
Microbial mining: Microbial enhanced recovery of mineral
resources; Use of microbes in o1l recovery

‘ Total Suggested Lectures . 60 (For 4
Credit Course)

C.6 Prescribed Textbooks

1. Chatterji, A.K. (2018). Introduction to Environmental Biotechnology. PHI Learning.

2. Sayler, G.S. (2019). Environmental Biotechnology. McGraw-Hill.

3. Rittmann, B.E. (2020). Environmental Biotechnology: Principles and Applications. McGraw-Hill.
4. Thakur, 1.S. (2018). Environmental Biotechnology. L.K. [nternational.

5. Singh, A. (2017). Environmental Biotechnology. Springer.

C.7 Reference Books & Readings

1. Vallero, D.A. (2015). Environmental Biotechnology. Elsevier.

2. Kumar, S. & Mishra, S. (2025). Environmental Studies and Disaster Management. Elite
Publishing House.

3. Pandey, S., Singh, A. and Singh, M.K. (2025). From Gene Discovery to Climate-Resilient Crops:
Omics in Crop Improvement. CABI Publishing.

4. Mishra, S., Kumar, S. and Srivastava, R.C. (Eds.). (2024). Genetic Improvement of Small Millets.
Springer Nature Singapore.

5. Rittmann, B. E., & McCarty, P. L. (2001). Environmental Biotechnology: Principles and
Applications. New York: McGraw-Hill Education

C.8 Suggested E-Resources / Digital Repositories

e SWAYAM: Environmental Biotechnology

¢ ¢-PG Pathshala: Environmental Biotechnology
e NDL India

¢ Shodhganga

®

Virtual Labs (Biotechnology)

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
. Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
+  Section C: Long Answer / Essay Questions (3 X 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

Written Test(s): 20 marks
«  Seminar / Assignment / Project: 05 marks
. Attendance & Class Participation: 05 marks

Effective from Academic S@ion [2026-27] | NHEQF Level 6.5 [Page 41 of 47




Course of Studies For Universities of Bihar M. Sc. in Biotechnology

!.1 Paper Identification

SRR Ca TR

Paper Code MSBIO-GE206

Title of the Paper . gsﬁili';cufslective Course IV: Basic Concepts in Laboratory
Programme / Subject MSc — Biotechnology

Semester Semester 11

Nature of Course Generic Elective (GE)

L-T-P 3-1-0

Credits . 4

Maximum Marks 100 (ESE: 70 + Internal Assessment: 30)

Duration of Examination 3 Hours

C.2 Marks Distribution

Component Paper| | Practical ! Total (ESE+IA/ESE+PRAC)
End Semester Examination 70 - — 70

Practical / Lab Work — . - i 30

Internal Assessment — - 30 30

Maximum Marks 70 - 30 100

Passing Marks 32 - 13 45 (45%)

Note: Internal Assessment shall be conducted on the basis of attendance, class tests, seminars, assignments,
and viva voce as provided in the regulation.

C.3 Course Objectives (COs)

Course Objectives

CO1 Apply laboratory safety, chemical handling, and Good Laboratory Practices (GLP) in
biological laboratories.

CO?2 Understand the principles and applications of basic laboratory instruments and
environmental control systems used in biological sciences.

CO3 Develop competency in safe and ethical laboratory practices for biological research and
experimentation.
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CO 4 Implement quality assurance and quality control measures in laboratory operations.

CO 5 Apply sterilization, aseptic, and tissue culture techniques in biological investigations.

C.4 Course Learning Outcomes (CLOs)

Course Learning Outcome

CLO 1  Upon completion, students will be able to apply Good Laboratory Practices (GLP)
and safety protocols to ensure safe and environmentally responsible laboratory
operations.

CLO 2 Students will be able to demonstrate proficiency in operation, calibration, and
maintenance of laboratory equipment to ensure accuracy, precision and reliability of
experiments.

CLO 3  Students will be able to prepare and standardize solutions, buffers and reagents using
quantitative principles of solution chemistry and acid-base equilibria.

CLO 4 ' Students will be able to operate, maintain and troubleshoot laboratory instruments and
implement quality assurance practices for reliable experimental outcomes; and
maintain aseptic condition during tissue culture and apply taxonomic principles for the
identification and characterization of biological specimens.

C.5 Syllabus — Unit-wise Breakdown

Course Name: BASIC CONCEPTS IN LABORATORY TECHNIQUES (MSBIO-
GE206)

Suggested

Unit | Content
| Lectures hours

[  Laboratory Safety, Chemical Handling and Good Laboratory 12-15

Practices: Importance and scope of laboratory techniques in biological
sciences: Laboratory organization and Good Laboratory Practices
(GLP); Laboratory risk assessment, safety measures and accident
prevention; Classification, labelling stability, storage and safe handling
of chemical substances; Electrical safety, laboratory wiring and
earthing; Laboratory waste management and environmental
considerations.
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e

[I Laboratory Glassware, Apparatus and Basic Laboratory 12-15

'Operations: Principles and applications of laboratory glassware; Use
and care of burettes, pipettes, measuring cylinders and volumetric
flasks: Principles and applications of separatory funnels and
_condensers; Micropipettes and vaccupets: types and operation;
Sterilization of laboratory equipment; Laboratory measurements,
accuracy, precision and sources of error; Weighing techniques and
principles of analytical balances; Calibration of laboratory equipment.

—— e —— Comr —— - —— e ——— —— —— —— = & = i —

I Solution Chemistry and Reagent Preparation: Fundamentals of 12—-15
‘solutions and concentration units; Preparation of solutions of different
strengths; Concepts of molarity, molality, normality and percentage
solutions: Dilution principles and calculations; Principles and
preparation of buffer, stock and working solutions; Acid-base
neutralization reactions and their applications; Buffer strength,
buffering capacity and pH.

[V Laboratory Instruments and Environmental Control Systems: 12-15
Principales, componentes, operations and applications of different
types of microscopy; Laminar airflow systems; Temperature
measurement and laboratory thermometers; Principles and applications |
of magnetic stirrer; Micro-ovens, incubators and controlled-
_environment equipment; Principles and uses of water bath; Instrument
‘handling, maintenance and troubleshooting; Quality assurance and
quality control in laboratory operations. |

V  Sterilization, Biological Techniques and Plant Taxonomy: 8-10
Principles and importance of sterilization; Sterilization techniques;
Preparation and composition of culture media; Principles of aseptic
techniques; Fundamentals of tissue culture; Concepts of totipotency |
and pluripotency and its significance; Applications of tissue culture;

Basics of taxonomy for characterisation of plants and animals including
bacterial, fungi, actinomyces and viruses.

Tt 60 (For 4

Total Suggested Lectures |
Credit Course)

C.6 Prescribed Textbooks
1. Plummer, D.T. (2017). An Introduction to Practical Biochemistry. McGraw-Hill.

2. Wilson, K. (2018). Principles and Techniques of Biochemistry and Molecular Biology. Cambridge
University Press.

3. Sawhney, S.K. (2018). Introductory Practical Biochemistry. Narosa Publishing.

4. Sharma, B.K. (2018). Instrumental Methods of Chemical Analysis. Goel Publishing.

5. Singh, R.P. (2019). Laboratory Manual in Biotechnology. Kalyani Publishers.

C.7 Reference Books & Readings
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Tl q: Green, M.R. (2012). Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory

2

Press.

Kumar, S., Mishra, S. and Mishra, A.P. (2025). Plant Tissue Culture: Theory and Techniques.

Scientific Publishers.

. Sambrook, J. (2012). Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory
Press.

. Pandey, S., Singh, A. and Singh, M.K. (2025). From Gene Discovery to Climate-Resilient Crops:
Omics in Crop Improvement. CABI Publishing.

. Freifelder, D. (2015). Physical Biochemistry. W.H. Freeman.

C.8 Suggested E-Resources / Digital Repositories

SWAYAM: Laboratory Techniques in Biology
e-PG Pathshala; Biochemical Techniques4545
e-PG Pathshala: Molecular Biology Techniques
NDL India

Virtual Labs (Biotechnology and Life Sciences)

C.9 Assessment Pattern & Question Paper Design
The End-Semester shall be conducted as per the following question paper design:

. Section A: Short Answer Questions (10 x 2 marks = 20 marks) — Covering all units (mandatory)
Section B: Medium Answer Questions (4 x 5 marks = 20 marks) — Attempt any 4 out of 6
. Section C: Long Answer / Essay Questions (3 x 10 marks = 30 marks) — Attempt 3 out of 5.

Internal Assessment (30 marks) breakdown:

«  Written Test(s): 20 marks
+ Seminar / Assignment / Project: 05 marks
« Attendance & Class Participation: 05 marks

Note: Generic/Open Elective—I (Course Code) and Il (Course Code) courses in Semester- | and Generic/Open
Elective—Ill (Course Code) and IV (Course Code) courses in Semester- Il of 2 Year Postgraduate Programme
may be offered by an institution based on student demand, academic interest, and the availability of qualified
faculty members. These courses shall be open to students of the concerned discipline as well as students from
other disciplines, with the objective of promoting multidisciplinary and interdisciplinary learning in accordance
with the principles of the National Education Policy (NEP), 2020.

For fulfilment of the programme requirements, a student shall be required to successfully complete any one of
the Generic Elective courses offered during the semester. The institution may decide to offer either or both of
the Generic Elective courses, subject to academic feasibility, availability of faculty expertise, and student
enrolment.

B PART D — GENERAL REGULATIONS & PROVISIONS

D.1 Attendance & Eligibility

. A student must have a minimum of 75% attendance in each paper to be eligible to appear in the
Semester / Annual Examination.

. Condonation of attendance deficiency shall be governed by the Regulation.

. A student detained due to shortage of attendance may appear to the examinations of same semester
in the next academic session subject to payment of prescribed fees.

D.2 Examination & Promotion Rules
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, « A student is required to clear at least 60% (4 out of 6) papers of a particular Semester before being
promoted to the succeeding Semester.

. Back / Ex-Student candidates shall be governed by the rules in force at the time of their original
admission unless otherwise specifically notified.

. A candidate who fails in one or more papers shall be required to appear only in the failed paper(s)
(Carry Forward System) in subsequent examinations of the same Semester.

« A candidate is required to clear all his papers within @ maximum of Five Years of duration to qualify
for the degree.

D.3 Grading System (CBCS)

Letter Grade | % Range Performance | Remarks
Description

0 >90-100 | 10 Outstanding Pass
A+ e EBU*:QU | 9 Excellent Pass
A 1 é?DﬂBU B 8- | | Very"GDnd " #ass
B+ I 260<70 | ? TR Good Pass

| B : 255<60 R _6 2 Above Average - Pass
C_ e 25;55 T 5 ok Mera.ge Pass
P WA i ?.-45--:50- £ 4 B Pass S i:‘ass
F | -=45 | 0 B Fail . mFaiI
Ab/M | 0 | 0 Absent!Malpractiﬁe Féil | Reappear

I = H B = - L EEEE== = e e el e R e - — —— ¢

E.1 List of Abbreviations

Expansion Expansion

CC Core Course DSE Discipline Specific Elective

GE o Genéric Electivé | o i OE Open Elective

AEC i Ability Enﬁéncement Coﬁrse . VAC . Value A.c.:lded éﬁurs.é.

SEC . Skill Enhancement Course . IKS I Indian Knaﬁ'lledgé System
L Lecture (hours ﬁer week) T | Tutdrial (hours per week)
P | Practical (hours per week) 1A Internal Assessment

CCA Continuous & Comprehensive Assess. 5 CL.O - Course Learning Outcome

PLO - Programme Learni'hg Outcome . GA . Graduate Attribute

NHEQF | National HE Qualifications Framework PROJ Project / Dissertation
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E.2 Authentication
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Subject Expert-1

Subject Expert-2

Prof. Birendra Prasad
Department of Biotechnology
Patna University, Patna
Date: 14.06.2026
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Dr. Mithilesh Kumar Singh

University, Pusa, Samastipur
Date: 14.06.2026
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