STRU%I;IJQTRAPATI SHAHU JI MAHARAY UNIVERSITY, KANPUR
pROG|§ OF SYLLABUS FOR THE FOUR YEAR UNDER GRADUATE
AM (FYUP), CHOICE BASED CRADIT SYSTEM (CBCS)

PROGRAM: B.Sc. (Hons.), SUBJECT- BIOTECHNOLOGY

Semester wise Titles of Papers in B.Sc. Biotec

Qs

hnology (Hons.)
COURSE TVYPE UG PAPERS
CODE COURSE TITLE MIN CIA | ESE | MAX.
CREDITS MARKS
I* YEAR!/ I** SEMESTER
Sg - 1gg:P o1 Chemistry 4 25 |75 [100
kL Practical-1 Chemistry Practical 2 25 |75 [100
BBT - 1002 CC-2 Cell Biology 4 25 175 100
BBT —1001P [ Practical-2 Cell Biology Practical 2 25 |75 100
BBT — Ability English Communication-| 4 25 |75 | 100
1003/AECC-01 | Enhancement
Compulsory
. Course i B
BBT — 1004/GE- | Generic Elective 1004(A): Biotechnology and | 4 25 [75 [100
01 (elect any one) Human Welfare
1004(B): I.P.R N 4 25 |75 100
Entrepreneurship Bioethics
: & Biosafety - _
TOTAL |20 B 600
I** YEAR/ Il SEMESTER 1
BBT — 2001 CC-3 Mammalian Physiology 4 25 |75 100
BBT — 2001P Practical-3 Mammalian Physiology 2 25 |75 100
Practical _
BBT — 2002 CC4 Plant Physiology 4 25 |75 |100
BBT — 2002P Practical-4 Plant Physiology Practical | 2 25 |75 100
BBT - Ability Environmental Sciences 4 25 |75 [100
2003/AECC-01 | Enhancement
Compulsory
Course
BBT — 2004/GE- | Generic Elective 2004 (A): Gene 4 25 |75 100
02 (elect any one) Organization, Expression
and Regulation
2004 (B): Development 4 25 |75 |100
Biology
TOTAL 20 600
1" YEAR/ III SEMESTER
BBT — 3001 CC-5 General Biochemistry 4 25 |75 100
BBT - 3001P Practical-5 General Biochemistry 2 25 (75 |100
Practical L
1
0%
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BBT-3002 | CC6 General Microblology 4 2 175 0 )
BBT -3002P | Practical-6 General Microbiology
Practical 100
BBT - 3003 CC-7 Genetics 4 gg ;g 100
BBT -3003P | Practical-7 Genetics Practical 2 =100
BBT - Skill Enhancement | Enzymology 4
3004/SEC-01 Course TN 22 700
" YEAR/ IV'" SEMESTER
BBT - 4001 CC-8 Bioanalytical Tools 4 25 |75 |100
BBT - 4001P Practical-8 Bioanalytical Tools Practical | 2 25 |75 |100
BBT - 4002 CC-9 Intermediary Metabolism 4 25 |75 |100
BBT - 4002P Practical-9 Intermediary Metabolism 2 25 (75 |100
Practical
BBT - 4003 CC-10 Immunology 4 25 |75 |100
BBT - 4003P Practical-10 Immunology Practical 2 25 |75 (100
BBT - Skill Enhancement | Molecular diagnostics 4 25 |75 (100
4004/SEC-02 Course
- TOTAL 22 [ 700
I YEAR/ V" SEMESTER
BBT - 5001 CC-11 Molecular Biology 4 25 (75 |100
BBT - 5001P Practical-11 Molecular Biology Practical | 2 125 |75 100
BBT - 5002 CC-12 Biostatistics 4 25 |75 100
BBT - 5002P Practical-12 Biostatistics Practical 2 25 |75 100
BBT - 5003 Discipline specific | Animal Biotechnology 4 25 |75 |100
BBT - 5004 elective (elect any | Environmental 4 25 |75 100
two) Biotechnology -
BBT — 5005 Microbial Biotechnology 4 25 |75 |100
TOTAL 20 600
Il YEAR/ VI SEMESTER
BBT - 6001 CC-13 Recombinant DNA 4 25 |75 (100
Technology
BBT - 6001P Practical-13 Recombinant DNA 2 25 |75 (100
Technology Practical
BBT - 6002 CC-14 Genomics and Proteomics 4 25 |75 [100
BBT - 6002P Practical-14 Genomics and Proteomics 2 25 (75 (100
Practical
BBT - 6003 Discipline specific Plant Biotechnology 4 25 |75 {100
BBT - 6004 elective (elect any | Bioinformatics 4 25 {75 |[100
BBT - 6005 two) Bioprocess Technology 2 25 |75 |100
TOTAL 20 600
GRAND TOTAL (UG) 124 3800
N
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, PG PAPERS
COURSE TYPE COURSE TITLE MIN CIA | ESE | MAX.
CODE - CREDITS MARKS
- IV" YEAR/ VII'" SEMESTER
| BBT - 7001 (A) [ CC-15 (In addition Applied Biotechnology 4 25 |75 100
BBT - 7001 (A)P | complete any | Practical 2 25 [75 [100
| BBT - 7001 (B) | THREE optional _Applied Biochemistry 4 25 |75 [100
BBT - 7001 subject: Practical 2 25 (75 |100
B)P BBT-
BBT - 7001 (C) | 7001(A)/(B)(C)(D)) | Applied Microbiology 4 25 [75 [100
BBT - 7001 Practical 2 25 |75 100
C)p
BBT - 7001 (D) Applied Food Technology 4 25 |75 |100
BBT - 7001 Practical 2 25 |75 100
D)P
| Research Methodology 4 25 |75 |100
: TOTAL 22 700
I IV'" YEAR/ VIII'" SEMESTER
| BBT-B0D01 CC-21 Research Project 22 700
\ 7 TOTAL 22 700
l
| GRAND TOTAL (Hons) | 168 [ | | 5200

C: Core Course; GE: Generic Elective; AECC: Ability Enhancement Compulsory Course; SEC:
Skill Enhancement Courses; DSE: Discipline Specific Elective
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PROGRAMME OUTCOMES (PO’s)
PO1: To develop understanding of fundamental concepts of biology, chemistry and biochemistry.

PO2: To understand the concept of cell biology, biochemistry, rDNA technology, molecular

biology, immunology, genetics, enzymology, bicinformatics, biostatistics and Intellectual
property right.

PO3: Understand the basic concept of environmental biotechnology, environmental sciences,
microbial biotechnology, bioprocess technology

PO4: To develop an understanding of plant biotechnology and animal biotechnology. It includes

plant anatomy, plant physiology, mammalian physiology, and developmental biology are to be
studied.

POS: To develop advanced knowledge and understanding relevant to biotechnology and
acquire knowledge of demonstrating a broad understanding of biological systems.

PO6: Good experimental and quantitative skills encompassing preparation of laboratory
reagents, conducting experiments, satisfactory analyses of data and interpretation of results.

PO7: Overall knowledge of the avenues for research and higher academic achievements in the

field of Biotechnology and allied subjects and will provide in-depth knowledge of scientific and
technological aspects of Biotechnology.

PROGRAMME SPECIFIC OUTCOMES (PSOs)

PSO1: Students will be able to demonstrate and apply their knowledge of cell biology,

biochemistry, microbiology and molecular biology to solve biotechnology-related problems and
will be able to speak and write clearly in English.

PS02: Students will be able to demonstrate and apply the principles of bioprocess engineering
inthe design, analysis, optimization and simulation of bioprocess operations.

PSO03: Students will be able to gain fundamental knowledge in animal and plant biotechnology
and its applications.

PSO04: Students will be equipped to understand three fundamental aspects of the biological
phenomenon: a) what to seek; b) how to seek; c) why to seek?

PSOS: Students will be able to describe fundamental molecular principles of genomics and
proteomics.

PS06: Students will be able to elaborate concepts of molecular biology with easy-to-run

experiments, familiarize themselves with basic laboratory instruments and understand the
- principle of measurements using those instruments with experiments in biotechnology.

PSO7: Students will be able to problematize; to formulate hypothesis and research questions,
and to identify , consult relevant sources to find answers and plan and write a research paper.

4
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SYLLABUS

————— e T

SEMESTER-1

C1 CHEMISTRY
Paper Code (BBT 1001)
(Credits: Theory-4, Practicals-2)
THEORY Lectures: 40

Course Objective(s)

* To educate the students to develo

P the knowledge of the fundamental principles of
chemistry

To enable understanding of the nomenclature, structural, iso

merism, stereochemistry of
organic compounds.

Course Outcome(s):

Students will learn different fundamentals of basic chemistry of different chemistry
branches like organic chemistry, Inorganic, Physical etc.

Studies includes chemical bonding i.e. formation of different molecules types of bonds,
hybridization, in thermodynamic studies free energy required for chemical and biochemical
reactions and chemical kinetics rates of chemical reaction.

In stereo chemistry how different molecules/ bio-molecules are presented by different
methods along with their stereo aspects like chirality, etc.

They will also learn electrochemical aspects during their course.

They will also perform experimental verification of some parts of theory.

THEORY

Unit 1: Chemical Energetics (10 Lectures)

A Review of the Laws of Thermodynamics Important principles and definitions of
thermochemistry. Concept of standard state and standard enthalpies of formation, integral and
differential enthalpies of solution and dilution Calculation of bond energy, bond dissociation
energy, and resonance energy from thermochemical data Variation of enthalpy of a reaction with
temperature—Kirchhoff's equation Statement of the Third Law of Thermodynamics and
calculation of the absolute entropies of substances. IKS: Contribution of Indian Scientists.

Unit 2: Chemical Equilibrium and lonic Equilibrium (10 Lectures)

Free energy change in a chemical reaction. Thermodynamic derivation of the law .of chemical
equilibrium. Distinction between AG and AGo , Le Chatelier's principle. Relationships between
Kp, Kc and Kx for reactions involving ideal gases.

5
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o ting degree of
Strong, moderate and weak electrolytes, degree of lOﬂIZ'atIO'n, factofsk :cf:fifiz ar?d bases, pH
ionization, ionization constant and ionic product of water. Iomzatl'on of weat inares of hydrolysis
scale, common ion effect. Salt hydrolysis-calculation of hydrolysis constant, deg

il ingly soluble
and pH for different salts. Buffer solutions. Solubility and solubility product of sparingly
salts — applications of solubility product principle.

Unit 3: Stereochemistry (10 Lectures)

Writing of Fischer projection, Newmann and Sawhorse projection and Wedge formylae..
Interconversion of one type of structural representation into another type. Confonnatloqs.
Restricted rotation about single bonds, Various conformations of ethane, butane, ethane-1 .2.-dI0|
and cyclohexane. Relative stability of different conformations in terms of energy difference is to
be discussed for all these compounds. Geometrical Isomerism: Requirements for a molecule to
show geometrical isomerism, CisTrans and E/ Z notation along with CIP rules for geometrical
isomers. Optical Isomerism: Optical activity, specific and molar rotation, chirality, enantiomerism,
diastereoisomers, racemic mixtures and their resolution by salt formation method. Relative and
absolute configuration: D / L nomenclature system for configuration of carbohydrates (difference

between d/l and D/L notations). Threo and Erythro designation. Rand S- configuration (upto two
chiral centres).

Unit 5: Substitution Reactions and Spectroscopy (10 Lectures)
Free radical substitution reactions: Halo
benzenes. 34Nucleophilic substitution rea
(stereochemistry,
Reactions (arom
(nitration, haloge
of substituents.

Introduction to spectroscopy: Electromagnetic radiation, fundamental definitions,
electromagnetic spectrum, introduction to conce

pts of absorption and emission spectroscopy,
Beer-Lambert law. IR Spectroscopy: Fundamental and non-fundamental molecular vibrations, IR
spectrum, Study of hydrogen bonding. Electronic Spectroscopy: Electronic transitions, singlet and
triplet states, dissociation and predissociation

. Laws of photochemistry: Fluorescence and

phosphorescence. Primary and secondary processes in photochemical reactions. Photochemical
and thermal reactions.

genation of alkanes, allylic compounds and alkyl
ctions: Mechanism of SN1 and SN2 reactions
nature of substrate, nucleophile and leaving group), Electrophilic Substitution
atic compounds): General mechanism of electrophilic substitution reactions
nation, sulphonation, Friedel Crafts alkylation and acylation), directive influence

PRACTICALS

Organic preparations: Carry out the following preparations using 0.5 - 1 g of starting compound.
Recrystallize the product and determine the melting point of the recrystallized sample.

1. To prepare acetanilide by the acetylation of aniline.

2. To prepare p-bromoacetanilide.

3. Benzolyation of aniline or B-naphthol by Schotten-Baumann reaction
4. Hydrolysis of benzamide or ethyl bezoate.

Thermochemistry:
1. Determination of heat capacity of a calorimeter for different volumes.

6
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2. Determinatfon of ?he enthalpy of neutralization of hydrochloric acid with sodium hydroxide.
3. Determination of integral enthalpy of solution of salts (endothermic and exothermic).

PH-metric and potentiometric measurements:
1. Preparation of sodium acetate-acetic acid buffer solutions and measurement of their pH.

2. Potentiometric titrations of (i) strong acid vs strong base (ii) weak acid vs strong base
3. Determination of dissociation constant of a weak acid.

RECOMMENDED TEXTS

—_— e

1. Atkins, P. W. & Paula, J. de Atkin’s Physical Chemistry Sth Ed., Oxford University Press (2011).
2. Ball, D. W. Physical Chemistry Thomson Press, India (2007).

3. Castellan, G. W. Physical Chemistry 4th Ed. Narosa (2004).

4. Mortimer, R. G. Physical Chemistry 3rd Ed. Elsevier: NOIDA, UP (2009).

5. Chang, R. Physical Chemistry for the Biosciences. University Science Books (2005).
6. I. L. Finar: Organic Chemistry (Vol. 1 & I1), E. L. B. S.

7. R.T. Morrison & R. N. Boyd: Organic Chemistry, Pearson Education

C2 CELL BIOLOGY
Paper Code (BBT 1002)
(Credits: Theory-4, Practicals-2)
THEORY Lectures: 60
Course Objective(s):

This course introduces the students to the basics of cell and its components.

This gives them a strong foundation on the basic unit of life.

The present course has been devised to familiarize students with the structural and functional
aspects of cell, the basic unit of life, and its different organelles. Knowing the components of
cells and how they work is fundamental to all biological sciences.

Course Outcome(s):
e Understanding of the structure of cell and various cellular events.
e Understanding of the function of various subcellular organelles.

e Students will leam about cell theory and techniques for fractionation of sub-cellular
organelles.

e They will be acquainted to various microscopic techniques to visualize subcellular
organelles.

Qo >y
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ut nd extracellular
* Students will have an understanding of the composition of cytoskeleton a
matrix.

el anisms.
* Students will acquire knowledge of cell cycle, cell division and cell death mech

THEORY

UNIT | (10 Periods)

Cell: introduction and classification of organisms by cell structure, cytosol, compartmentalization
of eukaryotic cells, cell fractionation. Cell Membrane and Permeability: Chemical CompO“'ents of
Biological Membranes, Organization and Fluid Mosaic Model, Membrane as a dynamic entity, cell
recognition and membrane transport. IKS: Contribution of Indian Scientists.

UNIT 1l (10 Periods)

Membrane Vacuolar system, cytoskeleton and cell motility: Structure and function of
microtubules, Microfilaments, Intermediate filaments. Endoplasmic reticulum: Structure, function

including role in protein segregation. Golgi complex: Structure, biogenesis and functions including
role in protein secretion.

UNIT Ill (10 Periods)

Lysosomes: Vacuoles and micro bodies: Structure and functions Ribosomes: Structures and
function including role in protein synthesis. Mitochondria: Structure and function, Genomes,

biogenesis. Chloroplasts: Structure and function, genomes, biogenesis Nucleus: Structure and
function, chromosomes and their structure.

UNIT IV (10 Periods)

Extracellular Matrix: Composition, molecules that mediate cell adhesion, membrane receptors for
extracellular matrix, macromolecules, regulation of receptor expression and function. Signal

transduction. Cancer: Carcinogenesis, agents promoting carcinogenesis, characteristics and
molecular basis of cancer.

PRACTICALS

1. Study the effect of temperature and organic solvents on semi permeable membrane.
2. Demonstration of dialysis.

3. Study of plasmolysis and de-plasmolysis.

4. Cell fractionation and determination of enzyme activity in organelles using sprouted seed or
any other suitable source.

5. Study of structure of any Prokaryotic and Eukaryotic cell.

6. Microtomy: Fixation, block making, section cutting, double staining of animal tissues like liver,
oesophagus, stomach, pancreas, intestine, kidney, ovary, testes.

7. Cell division in onion root tip/ insect gonads. 8. Preparation of Nuclear, Mitochondrial &
cytoplasmic fractions.
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SUGGESTED READING

1. Karp, G. 2010. Cell and Molecular Biology: Concepts and Experiments. 6th Edition. John
Wiley & Sons. Inc.

2. De Robertis, E.D.P. and De Robertis, E.M.F. 2006. Cell and Molecular Biology.
8thedition.Lippincott Williams and Wilkins, Philadelphia.

3. Cooper, G.M. and Hausman, R.E. 2009. The Cell: A Molecular Approach. 5th edition.
ASMPress& Sunderland, Washington, D.C.; Sinauer Associates, MA.

4, ?ecker, W.M., Kleinsmith, L.J., Hardin. J. and Bertoni, G. P. 2009. The World of the Cell. 7th
edition. Pearson Benjamin Cummings Publishing, San Francisco.

AECC1 ENGLISH
Paper Code (BBT 1003)
(Credits 4: Theory-4)

Lectures: THEORY: 20
Course Objective(s):

e This course is designed to develop communication and vocabulary skills in the students.

Course Outcome(s):

Analyze and restate the meaning of a text in English

Demonstrate the skill to write in English without grammatical error

Practice listening effectively to communication in English

Develop the ability to speak English language with the right way of pronunciation
Express the viewpoints with confidence in English

Express values and skills gained through effective communication to other disciplines
Compose articles and compositions in English

Discuss and socialize effectively in English

THEORY

Introduction:

Theory of Communication, Types and modes of Communication Language of Communication: -
Verbal and Non-verbal (Spoken and Written) - Personal, Social and Business - Barriers and
Strategies - Intra Personal, Inter Personal and Group Communication. IKS: Contribution of Indian
Scientists.

Speaking Skills: o . o
Monologue - Dialogue - Group Discussion - Effective Communication/ Mis- Communlcat.lon -
Interview - Public Speech Reading and Understanding - Close Reading - Comprehension -

Qa® v

(} Scanned with OKEN Scanner




' Indian language to
Summary Paraphrasing - Analysis and Interpretation - Translation (from
English and vice-versa) Literary/Knowledge Texts

Writing Skills:
Documenting - Report Writing - Making notes - Letter Writing

SUGGESTED READING

1. Language through Literature (forthcoming) ed. Dr. Gauri Mishra, Dr Ranjana Kaul, Dr Brat
Biswas

2. Fluency in English Part Il Oxford University Press, 2006
3. Business English, Pearson, 2008.

GE1 BIOTECHNOLOGY AND HUMAN WELFARE
Paper Code (BBT 1004 [A])
(Credits: Theory-4, Practicals-2)

THEORY Lectures: 40
Course Objective(s):

¢ Tointroduce methods and strategies commonly used in protein engineering, polysaccharide
production.

To acquire knowledge and application of beneficial microbes in the agriculture sector.

To study and understand the impact of development on environment safety and its
significance for sustainable ways of development.

To provide knowledge of the basics about implications of biotechnology in Human Health and
Forensic Sciences.

Course Outcome(s):

e Recognize the importance of various molecular techniques used in biotechnological

industry and the importance of modern agriculture and its application.
Understand the importance of biotechnology in relation to environment and pollution.
Learn about various applications-based techniques in biotechnology like forensic science

and the related activities currently going on and that will lay the foundations for the
future work in relation to crime.

Comprehend the application of biotechnology in therapeutic drug and vaccine
development, gene therapy and diagnostics

THEORY

Yo o W
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Industry: protein engineering;

enzyme and polysaccharide synthesis, activity and i
alcohol and antibiotic formation. y ty and secretion,

. IKS: Contribution of Indian Scientists.

UNIT Il (10 Periods)

Agriculture: N2 fixation: transfer of pest resistance

: N genes to plants; interaction between plants
and microbes; qualitative improvement of livestock.

UNIT Il (10 Periods)

Environments: e.g. chlorinated and non-chlorinated organ pollutant degradation; degradation of

hydrocarbons and agricultural wastes, stress management, development of biodegradable
polymers such as PHB.

UNIT IV (05 Periods)

Forensic science: e.g. solving violent crimes such as murder and rape; solving claims of paternity
and theft etc. using various methods of DNA finger printing.

UNIT V (05 Periods)

Health: e.g. development of non-toxic therapeutic agents, recombinant live vaccines, gene
therapy, diagnostics, monoclonal in E.coli, human genome project.

PRACTICALS

(Wherever wet lab experiments are not possible, the principles and concepts can be
demonstrated through any other material or medium including videos/virtual labs etc.)

1. Perform of ethanolic fermentation using Baker's yeast

2. Study of a plant part infected with a microbe

3. To perform quantitative estimation of residual chlorine in water samples
4. |solation and analysis of DNA from minimal available biological samples
5. Case studies on Bioethics (any two)

SUGGESTED READING

1. Sateesh MK (2010) Bioethics and Biosafety, I. K. Intemnational Pvt Ltd.
2. Shree Krishna V (2007) Bioethics and Biosafety in Biotechnology, New age intenational
publishers

GE2 I.P.R. ENTREPRENEURSHIP BIOETIHCS & BIOSAFETY
Paper Code (BBT 1004 [B])
(Credits: Theory-4, Practicals-2)
THEORY Lectures: 60

(P S

Course Objective(s):
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* Todevelop the understanding of Intellectual property, Entrepreneurship, IPR, Biosafety, GMO
and bioethics.

Course Outcome(s):

* Teachings like good laboratory procedure and practices, standard operating' proced.ures
for biotechnology research, legal and institutional framework for biosafety, international
agreements and protocols for biosafety.

* Leam about the Intellectual property rights and their usages to protect work created by
human mind that has commercial value,

* Makes students aware about different national and international IPR issues including
patents, trademarks, copyrights etc. and various international agreements and treaties.

* The course makes student understand the Regulatory bodies for Bioethics in India and
International considerations.

* Students will become aware of Institutional Ethical Committee and International laws on
Biosafety. Students will analyse and imbibe the Objectives and role of WIPO which will
also help in interpreting impact of Intellectual property and its legal protection in
research.

= The course is designed to have applications of research in innovation and

entrepreneurship by involving the significance of patents and copyrights to have
sustenance at global level.

THEORY

UNITH (10 Periods)

Introduction to Indian Patent Law. World Trade Organization and its related intellectual property
provisions. Intellectual/Industrial property and its legal protection in research, design and

development. Patenting in Biotechnology, economic, ethical and depository considerations. . IKS:
Contribution of Indian Scientists.

UNIT 1l (10 Periods)

Entrepreneurship: Selection of a product, line, design and development processes, economics on
material and energy requirement, stock the product and release the same for making etc. The
basic regulations of excise: Demand for a given product, feasibility of its production under given
constraints of raw material, energy input, financial situations export potential etc.

UNIT 1l (10 Periods)

Bioethics — Necessity of Bioethics, different paradigms of Bioethics — National & International.
Ethical issues against the molecular technologies.

UNIT IV (10 Periods)

Biosafety— Introduction to biosafety and health hazards concerning biotechnology. Introduction to
the concept of containment level and Good Laboratory Practices (GLP) and Good Manufacturing
Practices (GMP).
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