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Combination Title Type

SEP Triple Major

15T SEMESTER Fundamentals of Biotechnology DSC
2"d SEMESTER Metabolism & Bioanalytical Methods DSC
Sustainable Biotechnology DSC
34 SEMESTER - -

Cellular & Molecular Diagnostics DSE
Nano Biotechnology DSC

4™ SEMESTER
Basics of Omics and Clinical Research DSE
Immunobiotechnology DSC

5TH SEMESTER
Advanced Microbial Bioprocess Techniques DSC

SEP Single Major

Cell Biology DSC

1t SEMESTER
Biochemistry DSC
Microbiology DSC

2"d SEMESTER
Genetics DSC
Molecular Biology DSC
34 SEMESTER Environmental Biotechnology DSC
Analytical Techniques DSC

Genetic Engineering DSC




Industrial Biotechnology DSC
4" SEMESTER
Food Biotechnology DSC
Basics of Omics and Clinical Research DSE
Animal Biotechnology DSC
Plant Biotechnology DSC
Nano Biotechnology DSC
5th SEMESTER Developmental Biology DSC
Medical Biotechnology DSC
Fundamentals of Clinical Biotechnology DSC
Applied Microbial Biotechnology: Isolation to Application CSC
NEP Single Major
Animal & Plant Physiology DSC
Clinical Biochemistry DSC
Basics in Omics & Clinical Research Voc
7TH SEMESTER
Cell Communication & Signaling DSE

Research Component




SEP Triple Major

Combination Title Type

SEP Triple Major

15T SEMESTER Fundamentals of Biotechnology DSC
2"d SEMESTER Metabolism & Bioanalytical Methods DSC
Sustainable Biotechnology DSC
3" SEMESTER . .

Cellular & Molecular Diagnostics DSE
Nano Biotechnology DSC

4™ SEMESTER
Basics of Omics and Clinical Research DSE
Immunobiotechnology DSC

5TH SEMESTER
Advanced Microbial Bioprocess Techniques DSC




SEP
B.Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Fundamentals of Biotechnology
Semester — |

| SI. No. H Module H Title HHours|

Introduction to Definition, scope, and applications of biotechnology; good laboratory

Biotechnology and |[practices (GLP), biosafety levels, and waste disposal; introduction to

Basic Laboratory |/instrumentation: centrifuge, spectrophotometer, pH meter, autoclave,
Practices laminar airflow.

Discovery of microorganisms; prokaryotic cell structure; nutritional
types and growth requirements of microbes; growth curve and factors
I Microbiology influencing microbial growth; sterilization, disinfection, and aseptic| 12
techniques; pure culture techniques and maintenance of microbial
cultures.

Structure and function of eukaryotic cells; cell organelles: plasma
membrane, nucleus, mitochondria, chloroplast, cytoskeletal structures,
ER, Golgi bodies; cell cycle (regulation also) and mitosis/meiosis; cell
signalling; cell senescence.

I Cell Biology 15

Biomolecules: carbohydrates, proteins, lipids, nucleic acids —
structure and functions; pH, buffers, and their biological significance;
basics of spectrophotometry (colorimetry) and chromatography (paper,
thin-layer).

AV Biochemical Methods 10

Mendelian laws of inheritance, deviations (complementary,
supplementary, epistasis, multiple genes, maternal inheritance — one
example each); sex-linked inheritance; linkage and crossing over;
chromosome structure, types, aberrations, and karyotyping; mutations
and their types; allosomes, autosomes, and sex determination; genetic
problems.

V Genetics 18

Total | 60 |




a s LD e

SEP
B.Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Fundamentals of Biotechnology Practicals
Semester — |

Lab safety demonstration, use of basic equipment, and sterilization methods
Microscopic observation plant / animal/ bacterial cells.
Preparation of culture media (nutrient agar).
Isolation and streak-plate technique.
Bacterial growth curve experiment
Study of mitosis in onion root tip.
Preparation and observation of cell organelles (mitochondria using stains).
Preparation of buffers and determination of pH (phosphate buffer).
Reference:
Molecular Biology of the Cell by Bruce Alberts, Rebecca Heald, David Morgan, et al.
Life: The Science of Biology by David Sadava et al.
Microbiology by Pelczar

Principles of Biochemistry by Lehninger
Introduction to Bioinformatics by Arthur M. Lesk



SEP

B.Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Metabolism & Bioanalytical Methods

Semester — 11

SI. No.

Module

Title

Hours

Introduction to
Biochemical Concepts
and Carbohydrate
Metabolism

Cellular and chemical basis of life; bioenergetics;
laws of thermodynamics and their relevance to
biology; brief introduction to metabolism.
Classification: mono-, di- and polysaccharides;
reducing and non-reducing disaccharides; homo-
and hetero-polysaccharides. Metabolism: carbon
assimilation in photosynthesis (light and dark
reactions — brief overview in plants); glycolysis;
Kreb’s cycle; ETC and oxidative phosphorylation.

Amino Acids and
Proteins — Metabolism

Amino acids: basic structure and classification
(based on R group); physico-chemical properties of
amino acids — amphoteric molecules, zwitterions,
isoelectric point; amino acid metabolism (aromatic
amino acid synthesis and degradation -
tryptophan). Proteins: types of protein structure —
primary, secondary, tertiary and quaternary;
general aspects of protein degradation and urea
cycle.

Lipids

Types of lipids — simple, complex and derived
(with examples); structure and function of
phospholipids and  steroids  (cholesterol);
metabolism — beta oxidation of palmitic acid.

Nucleic Acids,
Hormones and Enzymes

Structures of purines and pyrimidines; nucleosides
and nucleotides in DNA and RNA. Classification
of hormones based on chemical nature and
mechanism of action; structure and function of
glucagon. Enzymes: classification;  factors
influencing enzyme activity; coenzymes and
cofactors  (reactions involving NAD and
magnesium); enzyme inhibition; zymogens
(trypsinogen); isozymes (LDH).

10

Isolation and
Purification of
Biomolecules

Homogenisation and lysis methods (one each for
microbial, plant, and animal tissue); fractional
purification — salt precipitation, organic solvent
precipitation;  centrifugation  techniques -

12




SI. No.

Module

Title

Hours

differential and density gradient; dialysis;
chromatographic methods — planar (paper and thin
layer) and column (gel permeation, ion exchange,
and affinity).

VI

Labelling,
Spectrophotometry, and
Electrophoretic
Techniques

Radioisotopes in biological sciences — labelling
and detection (Geiger Muller method); non-
radioactive labels (one example). Electromagnetic
radiation and interaction with matter; absorption
spectra;  instrumentation,  mechanism  and
applications of UV-visible spectrophotometry.
Principles,  instrumentation, methods and
applications of electrophoresis (polyacrylamide —
native and SDS; agarose gel electrophoresis).

15

Total

60




SEP
B.Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Metabolism & Bioanalytical Methods Practical
Semester — 11

Isolation and estimation of sugars from fruit juice (DNS method).

Partial purification of proteins (homogenization followed by salt and organic-solvent

precipitation).

Protein estimation by Biuret method.

TLC of amino acids.

Paper chromatography of plant pigments.
Determination of enzyme activity of p-amylase.

Analysis of oils — acid value.

Reference List:

1.

Upadhyay, M. C., Upadhyay, R. K., & Nath, N. (2009). Biophysical chemistry:
Principles and techniques (4th ed.). Himalaya Publishing House.

Nelson, D. L., & Cox, M. M. (2021). Lehninger principles of biochemistry (8th ed.).
W. H. Freeman.

Murray, R. K., Bender, D. A., Botham, K. M., Kennelly, P. J., Rodwell, V. W., & WEeil,
P. A. (2018). Harper’s illustrated biochemistry (31st ed.). McGraw-Hill Education.
Berg, J. M., Tymoczko, J. L., Gatto, G. J., Jr., & Stryer, L. (2019). Biochemistry (9th
ed.). W. H. Freeman.

Voet, D., & Voet, J. G. (2011). Principles of biochemistry (4th ed.). Wiley.



SEP
B. Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Sustainable
Biotechnology
Semester — 111

Chapter

Topic

Description

Hours

Sustainable
Technology

Introduction: Provision of bulk and fine chemicals from plants as a
source, microbial production of chemicals and their production process
(e.g., acetic acid, citric acid, ethanol). Biopolymers and bioplastics-
process and production from renewable sources like biomass and
agricultural waste. Sustainable development scenario-global and
national level. UN Sustainable development Goals (SDGs)-scope &
significance. Role of NITI Aayog in achieving SDGs in India.

10

Bioenergy

Greenhouse gases (e.g. CO2, Ozone, Sulphur dioxide), their interactions
with environment (greenhouse effect); fossil fuels emissions and their
remediation. Alternative energy sources: Biofuels from waste
materials-Generations of biofuels, Waste-to-Fuel Conversion Methods
(biological and thermochemical processes), Combustion of biomass,
Types of biofuels (e.g. Biogas, Biodiesel, Bioethanol, Green
Hydrogen). Scope of Biofuels in Rural and Urban Sectors: Role of
NGOs and institutions in welfare initiatives (Community biogas plant
models, National Biogas and Manure Management Programme
(NBMMP), GOBAR-Dhan Scheme, SATAT Initiative for compressed
biogas-CBG), SKG Sangha (Karnataka), SWaCH Cooperative, Exnora
International)

10

Biodiversity
and
conservation

Biodiversity-Convention on Biodiversity (CBD), Levels of biodiversity
(genetic, species and ecosystem diversity), Biodiversity hotspots,
Strategies for Biodiversity Conservation (in situ and ex situ); in situ
conservation through protected areas- National Parks, Wildlife
Sanctuaries and Biosphere reserves (map-based study). Wetland
conservation: Ramsar Convention and Ramsar sites. concept of gene
pool and germplasm; ex situ conservation: gene banks, germplasm
conservation, cryopreservation, tissue culture and artificial seed
technology, conservation of medicinal plants. New Seed Development
Policy (1988), Impact of Genetically modified organisms (GMOs) on
Biodiversity, Cartagena protocol on Biosafety for living modified
organisms (LMOs). Current global environmental issues-Ozone layer
depletion (Montreal protocol), Acid rain (causes and effects);Global
warming- impact of global warming on oceans, coastline and marine
ecosystem; impact on India. El Nifio and La Nifia, Response to global
warming-Kyoto protocol and its outcome.

17




Bioremediatio
n strategies

Bioremediation of toxic metal ions biosorption and bioaccumulation
principles; Bio scavengers of oil spills- ‘Oil zapper’; Microbial leaching
of ore-direct and indirect mechanisms- with special reference to copper
and Iron. Microbial Enhanced Oil Recovery (MEOR): use of
microorganisms in augmentation of oil/petroleum recovery.
Phytoremediation- Basic concept of genetic engineering of plants and
their applications in Agriculture: herbicide and stress tolerant crops
(Drought-tolerant rice, Salt-tolerant wheat, Herbicide-tolerant soybean);
and biotechnology strategies in forestry and wasteland management
(ecosystem restoration)-development of plants tolerant to drought,
salinity, and heavy metals. Bioindicators of water (mayfly larvae and fish
species), air (lichens and mosses) and soil (earthworms and nitrogen-
fixing bacteria)

17

Biosafety

Hazardous Waste Management: Biosafety levels, handling and disposal
of hazardous waste (physical, chemical, biological and radioactive).

Total Hours

60




SEP
C. Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Sustainable Biotechnology Practical
Semester — 111

1. Analysis of pH, total suspended solids (TSS), and total dissolved solids (TDS) in

water samples.

2. Determination of Biological Oxygen Demand (BOD) of water sample.

3. Determination of Chemical Oxygen Demand (COD) of water sample.

4. Bacterial examination of water by the Most Probable Number (MPN) method.

5. Analysis of moisture content and total organic matter in soil.

6. Preparation of biocompost.

7. Production of microbial biofertilizer/bioenzyme.

8. Case Study: Acid rain Taj Mahal-Public Interest Litigation (1984):Judicial & Policy Interventions,
impact of agriculture on environment, biodiversity study, or

field visit to river/lake/wastewater treatment plant.

Mavallipura Landfill, Bengaluru: Challenges and Sustainable Biotech Approaches

Sustainable Biotechnology in Public Health Systems: Sittilingi Tribal Health Initiative (THI)
Sustainable biotech industry practices.: Case study of Syngene International Ltd. highlighting ESG
practices, green manufacturing, and resource management.

Reference List:

1. Thatoi, H. N., & Nayak, S. K. (2019). Biotechnology for sustainable utilization
of bioresources. Springer.

2. Mohapatra, P. K. (2006). Textbook of environmental biotechnology. I.K.
International Publishing House.



SEP
B.Sc. Biotechnology (Triple Major)
Discipline-Specific Elective
Cellular and Molecular Diagnostics
Semester — 111

SEP

SI. No.

Module

Description

Hours

Introduction to
Molecular Diagnostics

Central dogma and its diagnostic relevance
Biomarkers: types and significance in diagnostics,
Molecular Basis of Diseases : Types of genetic

mutations and molecular pathogenesis

Cellular and Genetic

Basis of Diseases

Chromosomal abnormalities and syndromes (e.g.,

Down, Turner, Klinefelter, Edwards, Patau), Basics of
oncogenes, tumor suppressor genes, and cancer
progression, Cell cycle dysregulation and apoptosis in

disease states

Molecular
Techniques in

Diagnostics

- Immunofluorescence, FISH, Flow cytometry,
Microarrays LAMP, Spectral Karyotyping (SKY)
Nucleic acid based diagnostic systems: Hybridization
Probes, DNA fingerprinting, Immunoquantitative Real-
Time PCR, gPCR, Digital PCR and multiplex assays ,
Next- generation sequencing (NGS) & applications ,
CRISPR-Cas systems and based detection assays
(SHERLOCK, DETECTR)

Disease-Specific

Molecular Diagnostics

Infectious diseases: HIV, Tuberculosis, COVID-19,
Cancer diagnostics: HER2, BRCA, liquid biopsy,
Genetic diseases: Thalassemia, Cystic Fibrosis, Sickle
Cell, metabolic  disorders:

Neurological and

Alzheimer’s, PKU, Huntington disease,

Quality Control,
Ethics, and Future

Trends in Diagnostics

Ethical issues in genetic testing, patient consent, and
data privacy; Introduction to Indian quality standards:
NABL, ICMR guidelines, CDSCO, NABH; emerging
trends in Al-based diagnostics, point-of-care testing,
Lab-on-a-chip technology, Regulatory standards:
CLSI,1SO, Ethical considerations: Ethics, privacy and

genetic data handling

TOTAL HOURS

30




B.Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Nanobiotechnology
Semester — IV

'S. No.| Module I Description / Topics Covered |Hours|
Nanoscale dimensions and quantum size effects on surface area,
reactivity, and biological interactions. Historical development and scope

Fundamentals of . L . : i
. of nanoscience in life sciences. Relationship between nanotechnology
I Nanoscience and . . . 10
. and biotechnology. Types of nanomaterials — metal nanoparticles,
Nanobiotechnology . . .
quantum dots, magnetic nanoparticles, and carbon-based nanomaterials
(graphene, CNTs, fullerenes).
Synthesis of nanomaterials: top-down (lithography, milling, etching) and
bottom-up (sol-gel, chemical reduction, green synthesis). Biological
Synthesis and synthesis using microorganisms, plant extracts, and enzymes. Surface
] Characterization of Bio- |modification and functionalization — bioconjugation, PEGylation,| 10
Nanomaterials ligand-receptor binding, antibody/protein coating. Characterization
techniques: SEM, TEM, AFM, UV-Vis, FTIR, Raman, XRD, DLS, and
zeta potential.
Environmental and agricultural applications — nanomaterials for water
Nanotechnology in purification, nano-fertilizers, nano-pesticides, and pollutant remediation.
11| Environment, Agriculture |[Environmental monitoring using nanosensors. Biosafety, bioethics, and|| 10
and Biosafety regulatory aspects of nanomaterial use; introduction to nanotoxicology
and risk assessment principles (no in vitro/in vivo overlap).
Nanomaterials for cancer diagnosis and therapy.
In vitro assays: antibacterial and anticancer testing, apoptotic potential
Exoerimental (AO/EB staining, Hoechst-Rho B, SEM-based morphology, DNA
pe laddering, ELISA for DNA “fragmentation, Annexin/Pl flow cytometry,
v Nanotoxicology and . . 15
: ROS detection using DCFH-DA).
Cellular Interactions . . . . . .
In vivo assays: zebrafish embryo as a toxicological model - an ethical
and effective alternative for biomedical toxicity research, including
bioimaging-based assessments.
L Nano-biomimicry - peacock feather, butterfly wings, gecko feet, shark
Biomimetic and . A
skin, lotus leaf, insect eye, seashells, toucan beak, and plant
\Y/ Molecular . 7
. nanostructures, Molecular nanotechnology - DNA, protein, glyco, and
Nanobiotechnology L )
lipid nanotechnologies
Functional Biomaterials Na_notechnology_ln tissue engineering, artificial cells, ar_ld organ printing,
VI and Nano-Diaanostics Point-of-care diagnostics - nanosensors, lab-on-chip systems, and| 8
g CRISPR-based assays. Smart biomaterials (hydrogels and nanogels)
Total | 60 |




8.

9.

SEP
B.Sc. Biotechnology (Triple Major)
Discipline-Specific Course
Nanobiotechnology Practical
Semester — 1V

Green synthesis of nanoparticles

Graphene preparation using scotch tape and optical observation

Synthesis of Nano biomass dots using ultrasonicator

Metal oxide nanoparticle synthesis using shaker

Nanoparticle synthesis using lemon extract

Photochemical Synthesis of Silver Nanoparticles using Sugar as a Reducing Agent
Silver nanoparticle synthesis from honey

Nano bio coating using dip coating technique

Optical Characterization of Nanoparticles using UV-Visible Spectroscopy

10. Antimicrobial activity of synthesised nanomaterial

Reference List:

1.
2.

3.
4.
5

Pradeep, T. (2012). A textbook of nanoscience and nanotechnology. McGraw-Hill.

Niemeyer, C. M. (Ed.). (2004). Nanobiotechnology: Concepts, applications and perspectives. Wiley-
VCH.

Murthy, S. S. (2016). Introduction to nanoscience and nanotechnology. Springer.

Poole, C. P., Jr., & Owens, F. J. (2003). Introduction to nanotechnology. Wiley.

Katiyar, R. S., Shukla, P., & Yadav, J. K. (Eds.). (2023). Sustainable nanotechnology: Strategies and
applications. Elsevier.



SEP

B.Sc. Biotechnology (Triple Major & Single Major )

Elective Course
Basics of Omics and Clinical
Research
Semester - 1V

SI.

No.

Module

Description

Hours

Introduction to
Omics

Definition, scope, and significance of Omics sciences;
overview of systems biology and integrative approaches;
comparison of genomics, transcriptomics, proteomics,
and metabolomics; applications of Omics in
biotechnology and medicine.

Genomics and
Proteomics

Genome organization and sequencing strategies; DNA
sequencing methods — Sanger and NGS; genome
annotation and comparative genomics; databases —
GenBank, ENA, DDBJ; genome browser navigation (e.g.,
NCBI or Ensembl). Protein extraction and quantification;
2D-PAGE and basics of mass spectrometry (LC-MS/MS);
protein identification and functional analysis; protein
databases — UniProt, PDB; protein structure viewing using
PDB.

Transcriptomics,
Metabolomics and
Integrative Omics

RNA isolation and quality assessment; gene expression
analysis — microarrays and RNA-Seq; databases — GEO,
ArrayExpress; visualization of expression data using GEO
datasets. Introduction to metabolites and metabolic
pathways; techniques — GC-MS in metabolite profiling;
integrative omics — linking genomics, proteomics, and
metabolomics; case studies — biomarker discovery,
metabolic engineering; use of KEGG and MetaboAnalyst
tools.

Introduction to
Clinical Research

Definition, scope, and importance of clinical research;
phases of clinical trials (Phase I-1V); Good Clinical
Practice (GCP) guidelines; regulatory bodies — ICMR,
CDSCO, FDA, EMA, WHO; clinical trial protocol and
informed consent process.

Clinical Trial
Methodology

Study designs — observational vs. interventional studies;
randomization and blinding; endpoints and outcome
measures; data collection and case report forms; ethical
issues and the role of Institutional Ethics Committees.

Total Hours

30




Reference List

1.

Compeau, P., & Pevzner, P. (2014). Bioinformatics algorithms: An active learning
approach (Vol. 1 & 2). Active Learning Publishers.

Dubinsky, P. M., & Henry, K. A. (2018). The fundamentals of clinical research: A
universal guide for implementing good clinical practice. CRC Press.

Gupta, S. K. (2007). Basic principles of clinical research and methodology. Jaypee
Brothers Medical Publishers.

Lesk, A. M. (2019). Bioinformatics and functional genomics (4th ed.). Wiley-
Blackwell.

Xiong, J. (2006). Essential bioinformatics. Cambridge University Press.

Zvelebil, M. J., & Baum, J. O. (2008). Understanding bioinformatics. Garland Science
(Taylor & Francis Group).



SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course
Immunobiotechnology

Semester — V
SI. L
No. Module Description Hours
Innate and adaptive immunity; hematopoiesis; primary and secondary
lymphoid organs; humoral and cell-mediated immunity; structure and
| Immune System . . . 9
functions of T-cells, B-cells, macrophages, antigen-presenting cells,
granulocytes, mast cells, cytotoxic T cells, and dendritic cells
Structure, properties, and types of antigens; adjuvants; antigen
. specificity; epitopes and haptens; antigenicity. Structure, classes, and
Antigen and : . . S S . ;
. biological properties of antibodies; antigenic determinants. Antigen—
1 Antibody : : e - S L 12
i antibody interactions: affinity, avidity, cross-reactivity, precipitation and
Interactions 7 . . - i i .
agglutination reactions with relevance to immunodiagnostic techniques.
Definition and mechanisms of hypersensitivity reactions
General organization, structure, and functions of MHC; types of grafts
Il MHC and mechanisms of graft rejection; antigen processing and presentation; 10
introduction to tissue-engineered skin, scaffolds, and biomaterials
. .. ||Definition and mechanisms of autoimmunity; role of regulatory T cells
Autoimmunity . - . - o .
(Tregs) in prevention of autoimmunity, organ-specific autoimmune
and Immune . . : . . -
v - diseases with emphasis on Type | Diabetes Mellitus. Immunodeficiency 9
Deficiency . o ) : ) . .
Di disorders: primary and secondary; AIDS and its diagnosis using
iseases
molecular probes.
Stem Cells, ||Adult and embryonic stem cells; ethical concerns in stem cell research;
v Medical medical products including insulin, Factor VIII, TPA, interferons. Gene 10
Products & Gene|therapy approaches: ex vivo (ADA, familial hypercholesterolemia), in
Therapy Vivo (cancer), antisense technologies
. Diagnostic techniques: RIA, ELISA, RIEP, ODD, Western blotting,
Disease . . - - ) X
VI ; . immunofluorescence with emphasis on principles and interpretation of 10
Diagnosis o . .
results in disease diagnosis
TOTAL HOURS 60




SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course
Applied Microbial Bioprocess techniques

Semester — V
SI. No. Module Description Hours
History and scope of microbiology, Microbial diversity:
classification of microorganisms and general characters of bacteria,
microbial cellular structure: Cell organelles and their functions,
. Bacterial cell wall and appendages, Microscopy and staining:
Introduction to e ; . . . 4
I : . Principles of microscopy, Simple staining, Gram staining, Acid- 12
Microbiology f e
ast staining.
Microbial nutrition: Nutritional requirements and its types, Culture
media, components of media, natural and synthetic, Pure culture
Microbial techniques: serial dilution and plating methods, microbial growth
I Physiology curve, Antimicrobial agents: MIC and MBC. Bacterial genetics: 12
Transformation, conjugation and transduction.
Scope and concepts; Criteria for selection of industrially important
microbes. Fermenter: Basic features; design and components of a
typical Fermenter; Sterilization of fermenter, Control of air,
Fundamentals of temperature, pH, foam_ing and feed. Fermentati_on met_jia: Strategies
1 . for media formulation; Natural and synthetic media; Role of 12
Bioprocess s . . .
Engineering buffers, precursors, inhibitors, inducers and micronutrients. Types
of fermentation process: Submerged fermentation, Surface
fermentation and Solid state fermentation (Koji)
Downstream processing: Cell disruption, filtration, centrifugation,
solvent extraction, precipitation, lyophilization and spray drying,
Microbial production of industrial products (micro-organisms
Downstream involved, media, fermentation conditions) Citric acid, ethanol,
processing, glutamic acid, Vitamin B12. Enzymes (amylase, protease). Wine,
v Production of beer. Antibiotics — Penicillin, Streptomycin, Enzyme 12
Enzymes and other immobilization Methods of immobilization, advantages and
Bio products applications of immobilization, large scale applications of
immobilized enzymes (glucose isomerase and penicillin acylase).
Continuous bioprocessing vs traditional batch processing , Single-
use bioreactor systems, Modern fermentation: High-cell density
fermentation strategies, Biopharmaceutical manufacturing:
Advanced downstream purification (membrane chromatography),
Trends in Industrial Biotechnology & sustainability: Bioprocess for
v Bioprocess biodegradable plastics (PHA & PLA),Environmental monitoring 12
Technology and assessment, Synthetic Biology & Metabolic Engineering:
CRISPR-based strain engineering, Computational & Systems
Bioprocessing: Systems biology in bioprocess optimization ,
Bioprocess simulation software
TOTAL HOURS 60




=

SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course
Immunobiotechnology, Applied Microbial & Bioprocess techniques
Practicals
Semester -V

Isolation of bacteria and fungi from soil, water and air and colony-characteristics study of bacteria from

air-exposure plates

CoNO LN

Gram staining

Endospore staining

Biochemical tests IMVic, starch hydrolysis, catalase, oxidase
Estimation of percentage of Citric acid from Aspergillus niger
Extraction of Amylase from Ragi seeds

Blood group identification

Differential WBC count

. Radial immunodiffusion

10. Ouchterlony double diffusion
11. Rocket immunoelectrophoresis
12. Dot ELISA

Reference List

1.

akrwn

Nelson, D. L., & Cox, M. M. (2021). Lehninger principles of biochemistry (8th ed.). W. H.
Freeman.

Murray, R. K., et al. (2022). Harper's illustrated biochemistry (32nd ed.). McGraw- Hill.
Berg, J. M., et al. (2019). Biochemistry (9th ed.). W. H. Freeman.

Voet, D., Voet, J. G., & Pratt, C. W. (2018). Principles of biochemistry (5th ed.). Wiley.
Upadhyay, A. (2017). Biophysical chemistry: Principles and techniques. Himalaya Publishing.



SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course

SEP Single Major

Combination Title Type
SEP Single Major

Cell Biology DSC

1t SEMESTER
Biochemistry DSC
Microbiology DSC

2"d SEMESTER
Genetics DSC
Molecular Biology DSC
314 SEMESTER Environmental Biotechnology DSC
Analytical Techniques DSC
Genetic Engineering DSC
Industrial Biotechnology DSC

4" SEMESTER -

Food Biotechnology DSC
Basics of Omics and Clinical Research DSE
Animal Biotechnology DSC
Plant Biotechnology DSC
Nano Biotechnology DSC
5th SEMESTER Developmental Biology DSC
Medical Biotechnology DSC
Fundamentals of Clinical Biotechnology DSC
Applied Microbial Biotechnology: Isolation to Application CSC




SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course



SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course
Cell Biology
Semester — |

S No

Module

Description

Hours

Cell as a Basic Unit of
Living Systems and
Surface
Architecture

Concept, Development and Scope of cell biology.
Historical perspectives. Discovery of cell, the Cell
Theory, Ultrastructure of a eukaryotic cell- (plant
and animal cells), Structural organization and
functions of plasma membrane and cell wall of
eukaryotes.
Introduction and types of cell signaling

12

Cell Organelles

Structure and functions of cell organelles —
Endoplasmic reticulum, Golgi complex,
Lysosomes, Peroxisomes, Mitochondria,
Chloroplast, Vacuole, Ribosomes, Nucleus
(Nuclear envelope with nuclear pore complex,
Nucleolus, Nucleoplasm and Chromatin) and
Cytosol

14

Cell Motility and
Cytoskeletal
Structure

Microtubules, microfilaments and intermediate
filaments. Molecular Motors: Kinesin, dynein and
myosin. Cilia and Flagella. (Ultra-structure) and
physiology of ciliary movement — sliding filament
hypothesis

12

Chromosomes

Structure and Organization, Multiple strands,
single strand and nucleosome model. Special types
of chromosomes: polytene and lamp brush
chromosomes

10

Cell Division

Cell cycle, Mitosis and meiosis, Regulation of cell
cycle: Cyclins and CDKs- their types and
pathways. G1/S Check point and of G2/M
Checkpoint, Cell senescence, necrosis and

apoptosis: Intrinsic and extrinsic pathways.

12

TOTAL

60




SEP
B. Sc. Biotechnology (Single Major)
Discipline-Specific Course
Cell Biology Practicals
Semester - |

Basics of Microscopy — principle and instrumentation

RBC /WBClyeast cell count by haemocytometer

Study of stages in mitosis in onion root tip squash

Study of meiosis in grasshopper testes/onion or Rhoeo flower buds
Buccal smear - Barr bodies

Vital staining of Mitochondria

Chloroplast isolation and observation

Determination of chlorophyll content

NGO~ wWNE

Reference:
1. Molecular Biology of The Cell by Bruce Alberts, Alexander Johnson, Julian Lewis, David Morgan,
Martin Raff, Keith Roberts, and Peter Walter.
2. The Cell A Molecular Approach by Geoffrey M. Cooper, Robert E. Hausman.
3. Cell and Molecular Biology: Concepts and Experiments, by Gerald Karp, Janet Iwasa, Wallace
Marshall.
4. Cell and Molecular Biology by E. M. F. De Robertis and Eduardo de Robertis.



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Biochemistry
Semester — |

Module

Description / Topics Covered

Hours

Fundamentals of
Biochemistry

Introduction to biomolecules; cellular and chemical basis of life. Bioenergetics:
laws of thermodynamics and biological relevance; high-energy compounds.
Water and aqueous systems: properties of water, ionization, weak interactions,
buffers, water as a reactant. Metabolism overview: catabolism and anabolism.
Photosynthesis: pigments, light and dark reactions.

12

Carbohydrates

Classification of carbohydrates. Monosaccharides: structure (aldoses, ketoses),
ring forms, conformations, mutarotation, anomers, epimers, enantiomers;
reactions. Disaccharides: reducing and non-reducing types. Polysaccharides:
homo- and heteropolysaccharides; structural and storage forms. Carbohydrate
metabolism: glycolysis, gluconeogenesis, Krebs cycle, oxidative
phosphorylation.

11

Proteins

Amino acids: classification (R-group, nutritional, ketogenic/aminogenic),
structure and properties (zwitterions, isoelectric point). Proteins: peptide bond;
levels of structure (primary—quaternary); globular (globulin) and fibrous
(collagen); biologically important peptides (chaperones). Protein metabolism:
amino acid metabolism, degradation and urea cycle.

11

Lipids

Types: simple, complex and derived lipids (examples). Structure and function of
phospholipids, steroids and triglycerides. Biological significance. Lipid
metabolism: B-oxidation of palmitic acid.

Nucleic Acids
and Hormones

Structures of purines and pyrimidines; nucleosides and nucleotides; DNA and
RNA types. Nucleotide metabolism: salvage pathway. Hormones: classification
(chemical nature and mechanism). Structure and function of glucagon and
epinephrine.

Vi

Enzymes

Introduction, nomenclature and classification. Enzyme activity and specific
activity; activation energy and transition state. Factors affecting enzyme
activity; enzyme kinetics. Coenzymes (NAD-dependent reactions) and
metalloenzymes (Rubisco). Enzyme inhibition: irreversible and reversible
(competitive, non-competitive, uncompetitive). Zymogens (trypsinogen);

isozymes (LDH) and clinical significance.

10

Total Hours H 60 |




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Biochemistry Practical
Semester — |
Buffer preparation: Preparation of phosphate buffer
Qualitative tests for carbohydrates by osazone formation
Estimation of Sugars in fruit juice (DNS method)
Quantitative analysis of Proteins by biuret method
Paper Chromatography of amino acids
Acid value estimation of fatty acids
Thin-Layer Chromatography of Plant Pigments.
Amylase activity in germinating seeds

NGO~ wWNE

Reference :

1.Stryer, L. (1995). Biochemistry. W.H. Freeman

2. Voet, D., & Voet, J. G. (2003). Biochemistry (3rd ed.). John Wiley & Sons.

3. Nelson, D. L., & Cox, M. M. (2017). Lehninger principles of biochemistry (7th ed.). W.H. Freeman



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Microbiology
Semester — 11

S. No.

Module

Title

Hours

Microscopy

Principles and applications of light microscopy, numerical
aperture and resolving power; introduction to specialized
microscopes including dark field, phase contrast, fluorescence,
confocal, and electron microscopes (SEM and TEM) and
applications in biological research.

Microbiological
Techniques and
Sterilization

Culture media: components of media; natural and synthetic media;
chemically defined, complex, selective, differential, indicator,
enriched and enrichment media. Pure culture techniques: serial
dilution and plating methods; cultivation, maintenance,
preservation, and stocking of pure cultures; cultivation of
anaerobic bacteria. Principles of staining — simple, structural, and
differential. Definition of terms — sterilization, disinfectant,
antiseptic, sanitizer, germicide, microbicidal, microbiostatic, and
antimicrobial agents. Physical methods: dry and moist heat,
boiling, pasteurization, fractional sterilization, tyndallization,
filtration, ionizing (y rays) and non-ionizing (UV) radiation.
Chemical methods: alcohols, aldehydes, phenols, halogens,
metallic salts, quaternary ammonium compounds, and sterilizing
gases.

10

Microbial
Taxonomy,
Growth and
Diversity

Classification based on form, cell surface, and nutritional types.
Growth curve; thermophiles, psychrophiles, halophiles,
acidophiles, and alkaliphiles. Quorum sensing and signalling with
examples.

14

Antimicrobial
Agents

Modes of action with one example each: inhibitors of nucleic acid
synthesis  (rifampin); inhibitors of cell wall synthesis
(cephalosporins); inhibitors of cell membrane function
(polymyxin B); inhibitors of protein synthesis (tetracyclines); and
inhibitors of metabolism (trimethoprim). Antifungal agents:
mechanism of action of amphotericin B. Antiviral agents:
mechanism of action of amantadine. Antibiotic resistance and
MDR. Antibiotic sensitivity testing methods — MIC, disc and agar
well diffusion techniques, and E-test.

10

Bacterial
Genetics

Transformation, conjugation, and transduction.




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course

S. No. Module Title Hours

Baltimore classification; morphology and structure of viruses; life
cycle of lambda phage (lytic and lysogenic); One example each -
Viral disease (AIDS, Tobacco Mosaic Virus), Fungal disease| 12
(Aspergillosis, Late Blight), and Protozoan disease (Malaria -
Plasmodium life cycle), Bacteria — Tuberculosis

Introduction to
Virology,
Mycology and
Parasitology

VI

Total 60

Microbiology Practical
Semester — 11

1. Study of laboratory instruments: Laminar airflow and associated safety measures,
autoclave, incubator, hot-air oven, light microscope, pH meter.

Preparation of culture media for bacteria and fungi.

Plating techniques — spread, pour, and streak plate.

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

Colony-characteristics study of bacteria from air-exposure plates.

Staining techniques — simple, Gram, negative, and endospore staining (bacteria);
lactophenol cotton-blue staining (fungi).

© gk w

7. Biochemical tests — IMVIiC, starch hydrolysis, catalase, oxidase, and gelatin
hydrolysis.

8. Bacterial cell motility — hanging-drop technique and mannitol motility.
9. Study of Rhizopus, Penicillium, Aspergillus using temporary mounts.

Reference List

1. Nelson, D. L., & Cox, M. M. (2021). Lehninger principles of biochemistry (8th ed.).
W. H. Freeman.

2. Murray, R. K., etal. (2022). Harper’s illustrated biochemistry (32nd ed.). McGraw-
Hill.

3. Berg, J. M, etal. (2019). Biochemistry (9th ed.). W. H. Freeman.

4. Voet, D., Voet, J. G., & Pratt, C. W. (2018). Principles of biochemistry (5th ed.).
Wiley.

5. Upadhyay, A. (2017). Biophysical chemistry: Principles and techniques. Himalaya
Publishing.




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Genetics
Semester — 11

Sl.

No.

Module

Title

Hours

Introduction to
Genetics

Introduction to genetics — history, origin, and branches of
genetics; concept of gene: allele, multiple alleles,
pseudoallele, and complementation tests.

Principles of
Heredity

Mendel’s laws of inheritance — law of dominance,
incomplete dominance, co-dominance, law of segregation,
and law of independent assortment; back cross and test cross.

Extensions and
Modifications of
Basic Principles

Deviations from Mendelian genetics: dihybrid ratio (comb
pattern in fowl); recessive epistasis (9:3:4 — Bombay
phenotype); dominant epistasis (12:3:1 — fruit colour in
summer squash); duplicate recessive epistasis (9:7 — flower
colour in sweet peas); duplicate dominant genes (15:1);
dominant and recessive interaction (13:3). Multiple factors —
skin colour in human beings; multiple allelism — blood
groups in humans. Maternal inheritance — plastid inheritance
in Mirabilis, petite characters in yeast, and kappa particles in
Paramecium. Sex-linked inheritance and chromosome
theory of inheritance.

18

Mutation

Mutation — types, causes, and detection; mutant types: lethal,
conditional, biochemical, loss-of-function, and gain-of-
function; germinal versus somatic mutants, and insertional
mutagenesis. Structural and numerical chromosomal
alterations — deletion, duplication, inversion, translocation,
ploidy, and their genetic implications.

Linkage and
Crossing Over

Linkage and crossing over — complete and incomplete
linkage; somatic and germline crossing over; mechanism and
factors affecting crossing over; measurement of
recombination  frequency; three-point test  cross.
Chromosome mapping — cytogenetic mapping (microscopy),
linkage mapping (crosses), and physical mapping.

14

VI

Genetic Concepts

Eugenics, euphenics, pedigree analysis, genetic counselling,
karyotypes, and genetic disorders.

Fundamentals of population genetics; gene pool and genetic
variation; allele and genotype frequencies;

Hardy—Weinberg equilibrium (concept and assumptions
only); introductory case studies illustrating population-level
genetic patterns (e.g., sickle-cell trait, founder effect).

Total

60




8.

9.

SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Genetics Practical
Semester — 11

Preparation of media for Drosophila melanogaster cultivation (normal and mutagen-
supplemented).
Identification of developmental stages of Drosophila larvae.
Study of sex combs in Drosophila.
Drosophila mutants
pH profile of the gastrointestinal tract of Drosophila larvae
Mounting and observation of polytene chromosomes from Drosophila larval salivary
glands.
Study of mitotic stages in onion (Allium cepa) root tip cells.

Study of meiotic stages in grasshopper testes / onion or Rhoeo flower buds.

Buccal smear preparation and observation of Barr bodies.

10. Karyotype analysis of human male, human female, and onion cells.

11. Solving simple genetic problems based on theoretical concepts.

Reference List

1.
2.
3.

Pierce, B. A. (2024). Genetics: A conceptual approach (8th ed.). W. H. Freeman.
Tamarin, R. H. (2002). Principles of genetics (7th ed.). McGraw-Hiill.

Brooker, R. J. (2024). Genetics: Analysis and principles (7th ed.). McGraw-Hill
Education.

Snustad, D. P., & Simmons, M. J. (2015). Principles of genetics (7th ed.). Wiley.



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Molecular Biology
Semester — 111

I\?(S Module Description / Topics Covered Hours
1 Nucleic acids and || Experimental proof of DNA and RNA as genetic material, Central Dogma, y
their relevance in life| Structure of DNA and RNA, Different types of DNA and RNA, Ribozymes
9 Gene structure and ||Organisation of genome in prokaryotes and eukaryotes, properties of genetic 6
genetic code code, wobble hypothesis
DNA Replication — Replication of DNA — Conservative, dispersive and semi-conservative,
P Replication of DNA in prokaryotes — Meselson and Stahl experiment,
3 synthesis of new E q ins involved i lication includi | h 10
DNA nzymes and proteins involved in replication including polymerases, Theta
model, linear and rolling circle model
e Transcription in prokaryotes: RNA polymerase, role of sigma factor,
Transcription and L . L .
. promoter, initiation, elongation, and termination of RNA chains. RNA
4 Eukaryotic RNA . N i , . 13
rOCessin splicing and processing: processing of pre-mRNA — 5’ cap formation,
P g polyadenylation, splicing, rRNA and tRNA splicing
Translation — Translation in prokaryotes — ribosome, enzymes and factors involved in
5 || Process of protein || translation. Mechanism of translation — activation of amino acid, aminoacyl| 9
synthesis tRNA synthesis, initiation, elongation, and termination of polypeptide chain
| 6 || Operon concept | Lac operon, Trp operon and Gal operon | 6 |
Molecular basis of mutation: spontaneous and induced, physical and
7 Mutation and DNA || chemical mutagenesis. Types of DNA repair — direct repair and excision 9
repair repair mechanism. Photoreactivation, mismatch repair and SOS response.
Importance of DNA repair
| I Total Hours | 60 |




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Molecular Biology Practical
Semester — 111
1. Biochemical calculations- (Molarity, Normality, percentage, Preparation of Stocks, Working Concentration)
2 Estimation of DNA by DPA method
3 Estimation of RNA by Orcinol method
4, Estimation of Protein by biurets method
5. Isolation of DNA from liver tissue/ cauliflower/ cheek cells
6 Agarose gel electrophoresis
7 DNA purity and quantification
8 Determination of protein purity by spectrophotometric analysis

References:
1. The Cell: A Molecular Approach — Geoffrey M. Cooper & Robert E. Hausman
2. Genes (Lewin’s Genes XII / earlier editions) — Benjamin Lewin
3. Molecular Biology of the Cell — Bruce Alberts et al.
4. Molecular Biology of the Gene — James D. Watson et al.



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Environmental Biotechnology
Semester — 111

No Module Description Hours
Definition, concepts, scope; principles of environmental risk assessment;
applications of biotechnology to environmental issues; environmental
1 Introduction significance of GM microbes, plants, animals; integrated approaches; 12
market for environmental biotechnology; hazards of environmental
biotechnology
: Fossil fuels and environmental impact; biomass as bioenergy; plant,
Bioenergy, . . L L -
. animal and microbial biomass; biofuels from waste—bioethanol and
2 || Conventional Fuels C . 13
) biodiesel; methods for waste-to-fuel conversion; modern fuels and
and Biofuels ) .
environmental impact
Types of pollutants; microbial wastewater treatment (sewage and industrial
Biodegradation and || effluents)—aerobic and anaerobic processes; solid waste management; in-
3 . . . S AR i : RS 13
Bioremediation situ and ex-situ bioremediation; biosorption, bioaccumulation; microbial
degradation of pesticides and xenobiotics; phytoremediation
Biodiversity in India; wetland conservation: Ramsar Convention and
Biodiversity Ramsar sites; endangered, threatened and extinct species; IUCN—rtoles
4 Conservation and and categories; Environment Protection Act (1986); Biodiversity Rules 12
Environmental Laws || 2024 (replacing 2004 rules); in-situ and ex-situ conservation; SDGs—
scope & significance
Blotechn_ology Tools Bioindicators, biomarkers, biosensors, biomonitoring; biofilms,
5 for Environmental e . . . . 10
o biofiltration, bioscrubbing, biopulping
Monitoring
I Total | 60




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Environmental Biotechnology Practical
Semester — 111
1. Analysis of pH, total suspended solids (TSS), and total dissolved solids (TDS) in
water samples.

Determination of Biological Oxygen Demand (BOD) of water sample.
Determination of Chemical Oxygen Demand (COD) of water sample.
Bacterial examination of water by the Most Probable Number (MPN) method.
Analysis of moisture content and total organic matter in soil.
Production of microbial biofertilizer

Biological Degradation of Dyes by Microbial Consortia

© N o o B~ w DN

Case Study: impact of agriculture on environment, biodiversity study, or field visit to

river/lake/wastewater treatment plant.

Reference :
1. Stanbury, P. F., Whitaker, A., & Hall, S. J. (2017). Principles of fermentation technology (3rd ed.).
Butterworth-Heinemann.

2. Shuler, M. L., & Kargi, F. (2017). Bioprocess engineering: Basic concepts (3rd ed.). Prentice Hall / PHI
Learning.

3. Doran, P. M. (2013). Bioprocess engineering principles (2nd ed.). Elsevier.

4. Crueger, W., & Crueger, A. (1990). Biotechnology: A textbook of industrial microbiology (2nd ed.). Sinauer
Associates.



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Analytical Techniques

Semester — 111
I\?(') Module Description / Topics Covered Hours

Isolation and Purification Extractlop of carbohydrates (from p_lant mate_:rlal), lipids (fro_m a_llgae),

I . alkaloids (from plants) and proteins (detailed). Homogenisation 12
of Biomolecules . e . ’ .
techniques: lysis of plant, animal and microbial cells.

Fractional purification: salt precipitation, organic solvent precipitation,

Partial Purification and || isoelectric precipitation, ultrafiltration, freeze drying. Centrifugation:
I . : L ) ! S . . . 10

Separation Techniques || principles, instrumentation and applications. Types: density gradient,

isopycnic, rate zonal and ultracentrifugation.
Radioactivity, decay laws, radioisotopes and half-life. Measurement and
Il ||Radioisotope Techniques assay of radioactivity. Applications in biological sciences. Non- 10
radioactive labeling techniques.
Principles: adsorption and partition chromatography. Planar

Y Chromatographic chromatography: paper and TLC. Column chromatography: gel 10

Techniques filtration, ion exchange and affinity chromatography. GLC and HPLC.

Applications of chromatography.
Electromagnetic radiation and interaction with matter. UV—Visible
Spectrophotometric and spectrophotometry, atomic absorption spectroscopy and
\Y/ Electrophoretic spectrofluorimetry: principles, instrumentation and applications. 11
Techniques Electrophoresis: PAGE (native, SDS), agarose gel electrophoresis, pulse
field gel electrophoresis and isoelectric focusing.

VI Advanced Bioanalytical Cryo-electron microscopy, X-ray crystallography, NMR and mass ;

Tools

spectrometry.

Total Hours




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Analytical Techniques
Semester — 111

1. Protein purification from green gram
e Homogenisation
e Partial purification by Ammonium Sulphate precipitation
Protein estimation of partially purified proteins by Biuret method.
Differential centrifugation to isolate nuclei and mitochondria and staining.
Density gradient centrifugation with sucrose gradient.
Determination of Km and Vmax of amylase.
Identify fatty acid/ Lipids by TLC.
Gel permeation (demo).

NOUTRWN

References:

1. Principles and Techniques of Biochemistry and Molecular Biology — Keith Wilson & John Walker
2. Instrumental Analysis — Douglas A. Skoog, F. James Holler, Stanley R. Crouch
3. Analytical Biochemistry — David J. Holme & Hazel Peck



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Genetic Engineering
Semester — IV

SI.

No.

Module

Description

Hours

Introduction to
Genetic Engineering
and Nucleic Acid
Extraction

Definition, scope, and aims of genetic engineering;
historical landmarks and milestones in genetic engineering.
Genomic DNA isolation, plasmid DNA isolation, RNA
isolation, and removal of contaminants; quality and
quantity assessment by Azeo/Azo and Azeo/A2so ratios;
concentration determination; integrity check by gel
electrophoresis; and storage considerations.

Tools and
Techniques in
Genetic Engineering

Enzymes used in genetic engineering: cutting enzymes —
restriction endonucleases, joining enzymes — ligases,
linkers, adaptors; copying enzymes — DNA polymerases
(Taq, Pfu, reverse transcriptase); modifying enzymes —
terminal transferase, alkaline phosphatase, Kkinases,
homopolymer tails. Use of bioinformatic tools (e.g.,
NEBcutter) to identify restriction sites and predict DNA
fragments.

10

Vectors and Gene
Cloning Strategies

Concept and features of vectors: purpose and essential
elements (origin of replication, selectable markers,
multiple cloning sites, reporter genes). Types of vectors:
plasmid vectors (pBR322, pUC series); phage-based
vectors (A phage, M13); hybrid and large-insert vectors
(cosmids, BACs); eukaryotic vectors (Ti plasmid — plant;
SV40 and retroviral — animal). Specialized vectors and
expression systems: shuttle vectors and expression vectors

(pET).

12

Expression and
Screening of
Recombinants

Expression of cloned genes in E. coli using expression
vectors for recombinant protein production (e.g., insulin,
human growth hormone). Introduction to modern
advances: CRISPR delivery vectors (AAV and lentivirus)
for genome editing; Selection and screening of
recombinants: antibiotic selection, blue-white screening,
and insertional inactivation.

10

Gene Transfer
Techniques

Methods of gene transfer: competent cell preparation,
Types of competent cells — DH5a, DH10B, BL21(DE3),
JM109, NEB-Turbo, NEB5o F'/q, Transformation in
bacteria (CaCl. method, electroporation); transfection in
eukaryotic cells (lipofection, microinjection, biolistics,
Agrobacterium-mediated). Factors influencing
transformation and transfection efficiency. Overview of




SI.

No.

Module

Description

Hours

advanced gene delivery approaches: viral vector-based and
nanoparticle-mediated systems.

VI

Analytical and
Detection
Techniques

Blotting techniques — Southern, Northern, Western, and
Dot blot. Nucleic acid amplification methods: PCR and its
types — conventional, quantitative (qPCR), reverse
transcription (RT-PCR), multiplex, and digital PCR;
isothermal amplification methods — LAMP. DNA
sequencing: Sanger and Maxam-Gilbert methods; next-
generation  sequencing platforms  (Pyrosequencing,
Nanopore). DNA fingerprinting — principles, steps, and
applications. Introduction to CRISPR-Cas systems:
components (Cas enzymes, guide RNA), mechanism of
gene targeting, and applications in genome editing.

12

Total Hours

60




9.

SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Genetic Engineering Practical
Semester — 1V

Isolation of genomic DNA from bacteria.

Plasmid DNA isolation — Miniprep

Agarose-gel electrophoresis

Restriction digestion of DNA.

Ligation

Preparation of competent cells.

Bacterial transformation and screening of clones by antibiotic resistance.

SDS-PAGE analysis of BSA.

PCR

Reference List
1. Brown, T. A. (2020). Gene cloning and DNA analysis: An introduction (8th ed.). Wiley-

Blackwell.

Primrose, S. B., & Twyman, R. M. (2019). Principles of gene manipulation and
genomics (8th ed.). Wiley-Blackwell.

Dale, J. W., & von Schantz, M. (2021). From genes to genomes: Concepts and
applications of DNA technology (4th ed.). Wiley.

Satyanarayana, U., & Chakrapani, U. (2017). Biotechnology. Books & Allied.



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Industrial Biotechnology
Semester — IV

SI.

No Module Description Hours
Historical overview of industrial fermentation processes —
traditional and modern biotechnology. Industrially important

Foundations of microorganisms  (bacteria- Bacillus subtillis, Yeast-
| Industrial Saccharomyces species , fungi- Aspergillus species): 12
Biotechnolo isolation, screening, and preservation. Strain improvement: in
9 Wivo and in vitro manipulations for high-yielding strains.
Media formulation for industrial fermentations — carbon,
nitrogen, minerals, vitamins, precursors, and inducers.
Modes of operation: batch, continuous, and fed-batch.
Princioles of Fermentation media. Basic design of a fermenter — agitators,

] FermeEtation aerators, and baffles. Types of fermenters: stirred-tank,| 10
bubble column, airlift. Advantages of solid-substrate and
liquid fermentations.

Downstream  |Removal of microbial cells; filtration and centrifugation; cell
Il | Processing of |disruption methods; chromatography and membrane| 8
Fermentation |processes; drying and crystallization.
Production of Processes for production of commercially important organic
: acids — citric acid, lactic acid, acetic acid. Organic solvents —
v Primary . ; . . 14
Metabolites ethanol, butanol. _Amlno acids — glutamlc acid and
tryptophan. Alcoholic beverages — beer and wine.
Biofertilizers. Biopreservatives — nisin. Biopolymers —
xanthan gum, PHB. Microbial foods — single-cell proteins
i (SCP, e.g., Spirulina), single-cell oils (SCO, e.g.,
Producthn of polyunsaturated fatty acids). Secondary metabolites —
\ Industrial AN - . o7 o 16
Products antlblotl_cs (pen|C|II_|n, streptomycm)_, vitamins (Vltat_mn Be).
Recombinant proteins for therapeutic and diagnostic use —
insulin, human growth hormone. Recombinant vaccines —
hepatitis B, cholera.
Total Hours 60




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Industrial Biotechnology Practical
Semester — IV

1. Extraction of citric acid from Aspergillus niger.

2. Estimation of citric acid from Aspergillus niger.

3. Wine preparation

4. Estimation of alcohol using specific-gravity method.

5. Production of single-cell protein.

6. Amylase production by solid-state fermentation

7. Extraction and estimation of Amylase

8. Assay of invertase from immobilized yeast cells.

9. Production of microbial polysaccharide

10. Estimation of microbial polysaccharide

Reference List

1. Stanbury, P. F., Whitaker, A., & Hall, S. J. (2017). Principles of fermentation technology
(3rd ed.). Butterworth-Heinemann.

2. Shuler, M. L., & Kargi, F. (2017). Bioprocess engineering: Basic concepts (3rd ed.).
Prentice-Hall India.

3. Doran, P. M. (2013). Bioprocess engineering principles (2nd ed.). Academic
Press/Elsevier.

4. Crueger, W., & Crueger, A. (1990). Biotechnology: A textbook of industrial
microbiology. Sinauer Associates.



SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Food Biotechnology
Semester — IV

SI. No. Module Description Hours
Definition and scope of food biotechnology; historical
Introductionto  |developments; role of biotechnology in the food
I Food industry; overview of food systems and transformations;) 8
Biotechnology |applications of biotechnology in traditional and modern
food industries.
. . Microorganisms in fermented foods - dairy and
Microbiology and - . .
) beverage, beneficial and harmful microbes, enzymes in
1 Enzymes in Food f . | o ial 12
Systems oo_d productlgn (amy ase and pr_otease) ; mlcrpbla
toxins (aflatoxin and botulinum toxin), food poisoning.
Principles of food preservation — thermal, refrigeration,
freezing, drying, irradiation, and high-pressure methods.
Food Processing, |Milk and milk products — composition, factors affecting
11 Preservation, and |quality, pasteurization, and sterilization. Packaging| 12
Packaging materials and technologies; shelf-life extension; role of
biotechnology in improving processing and preservation.
: Functional foods and nutraceuticals — definitions,
Functional Foods, : .
. examples, and biotechnological approaches to
IV | Nutraceuticals, and ) . e 10
development. Single-cell proteins (SCP), fortified foods,
Novel Foods o L
probiotics, and prebiotics.
Food safety hazards — microbial, chemical, and physical.
Food Safety, Quality assurance systems — Good Manufacturing
v Quality Assurance, |Practices (GMP), Good Hygiene Practices (GHP). 8
and Regulatory |Regulatory bodies and standards — FSSAI and FDA
Aspects Biotechnology and genetically modified foods; ethical
considerations, HACCP
Advances and  |Advances in food biotechnology — bio-packaging, smart
Future Trendsin |sensors, and bioprocess innovations. Sustainable food
Vi . . . 10
Food production, waste valorisation, and circular food
Biotechnology  |economy, case studies on lead toxicity, pesticide in food
Total 60




SEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Food Biotechnology Practical
Semester — IV

1. Yogurt fermentation and starter comparison (pH and total carbohydrate).

2. Crude a-amylase assay from seeds.

3. Probiotic survival in simulated gastric conditions.

4. Preservative efficacy against spoilage microbes.

5. Extraction and spectrophotometric quantification of food pigments (B-carotene /

betalains).

6. Simple-sugar profiling or adulteration test in honey by paper chromatography

7. Detection of common adulterants in food samples.

8. [Estimation of casein in milk.

9. Estimation of vitamin C in citrus fruits.

Reference List:

1. Mehta, V. (2020). Food biotechnology. CBS Publishers.

2. Doyle, M. P., Diez-Gonzalez, F., & Hill, C. (2019). Food microbiology:
Fundamentals and frontiers (5th ed.). ASM Press.

3. Johnson-Green, P. (2018). Introduction to food biotechnology (2nd ed.). CRC Press.

4. Pometto, A. L., Shetty, K., Paliyath, G., & Levin, R. E. (Eds.). (2005). Food
biotechnology (2nd ed.). CRC Press.

5. Adams, M. R., & Moss, M. O. (2008). Food microbiology (3rd ed.). RSC Publishing.



SEP
B.Sc. Biotechnology (Single Major)
Elective Course
Basics of Omics and Clinical Research
Semester — IV

SI.

No.

Module

Description

Hours

Introduction to
Omics

Definition, scope, and significance of Omics sciences;
overview of systems biology and integrative approaches;
comparison of genomics, transcriptomics, proteomics,
and metabolomics; applications of Omics in
biotechnology and medicine.

Genomics and
Proteomics

Genome organization and sequencing strategies; DNA
sequencing methods — Sanger and NGS; genome
annotation and comparative genomics; databases —
GenBank, ENA, DDBJ; genome browser navigation (e.g.,
NCBI or Ensembl). Protein extraction and quantification;
2D-PAGE and basics of mass spectrometry (LC-MS/MS);
protein identification and functional analysis; protein
databases — UniProt, PDB; protein structure viewing using
PDB.

Transcriptomics,
Metabolomics and
Integrative Omics

RNA isolation and quality assessment; gene expression
analysis — microarrays and RNA-Seq; databases — GEO,
ArrayExpress; visualization of expression data using GEO
datasets. Introduction to metabolites and metabolic
pathways; techniques — GC-MS in metabolite profiling;
integrative omics — linking genomics, proteomics, and
metabolomics; case studies — biomarker discovery,
metabolic engineering; use of KEGG and MetaboAnalyst
tools.

Introduction to
Clinical Research

Definition, scope, and importance of clinical research;
phases of clinical trials (Phase 1-1V); Good Clinical
Practice (GCP) guidelines; regulatory bodies — ICMR,
CDSCO, FDA, EMA, WHO; clinical trial protocol and
informed consent process.

Clinical Trial
Methodology

Study designs — observational vs. interventional studies;
randomization and blinding; endpoints and outcome
measures; data collection and case report forms; ethical
issues and the role of Institutional Ethics Committees.

Total Hours

30




Reference List

7.

10.

11.
12.

Compeau, P., & Pevzner, P. (2014). Bioinformatics algorithms: An active learning
approach (Vol. 1 & 2). Active Learning Publishers.

Dubinsky, P. M., & Henry, K. A. (2018). The fundamentals of clinical research: A
universal guide for implementing good clinical practice. CRC Press.

Gupta, S. K. (2007). Basic principles of clinical research and methodology. Jaypee
Brothers Medical Publishers.

Lesk, A. M. (2019). Bioinformatics and functional genomics (4th ed.). Wiley-
Blackwell.

Xiong, J. (2006). Essential bioinformatics. Cambridge University Press.

Zvelebil, M. J., & Baum, J. O. (2008). Understanding bioinformatics. Garland Science
(Taylor & Francis Group).



SEP

B.Sc. Biotechnology (Single Major)

Compulsory Skill Course

Applied Microbial Biotechnology: Isolation to Application

Semester — IV

Sl.

No Module Description Hours
Literature Review and |Framing a hypothesis and identifying research gaps;
I Research Proposal  |writing a mini project proposal — objectives, rationale,| 4
Development methodology, and expected outcomes.
Introduction to Types of environments — soil, water, air, and extreme
Il | Microbial Diversity and |habitats; significance of indigenous microbial] 3
Environmental Niches |communities.
Sampling from soil, water, air, plant rhizosphere, or
m Sampling Techniques |industrial effluents; serial dilution, spread plate, pour 5
and Microbial Isolation |plate, and enrichment culture techniques; isolation of
pure colonies using the streak plate method.
Y, Maintenance and Preparation of agar slants; glycerol stock preservation; 3

Preservation of Cultures

principles and procedure of lyophilization.

Total Hours

10




SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Animal Biotechnology

Semester - V
I\?d Module Description / Topics Covered Hours
History and scope of animal cell culture. Applications in research,
i medicine and industry. Laboratory design and biosafety levels. Culture
Introduction to - o
I . media: natural and synthetic; role of supplements (serum, growth factors). | 12
Animal Cell Culture . ] . . . :
Equipment: CO: incubator, phase contrast microscope, centrifuge, laminar
airflow hood and basic instruments.
Types of animal cell cultures: primary, secondary and continuous cell
. lines; examples and characteristics. Cell growth curve and kinetics.
Cell Lines and . . : S
I . Subculturing (passaging), cell counting and viability assays. 14
Culture Techniques . . ; - ) _
Cryopreservation and revival of cell lines. Contamination and its control:
aseptic techniques, antibacterial and antifungal agents.
Characterization and | Morphological characterization. Karyotyping and chromosome analysis.
Il || Applications of Cell Isoenzyme studies. Antigenic marker studies. Ethical issues in animal 8
Lines biotechnology.
i . . Transfection methods in animal cells: electroporation, lipofection,
Genetic Manipulation . . ) :
. retroviral vectors, embryonic stem cell-mediated gene delivery.
v and Tissue . . . . 12
L Recombinant protein production. Gene expression and reporter assays.
Engineering - . . U
Stem cell types and applications. Tissue engineering: skin.
Advanced Production of transgenic animals and applications. Assisted reproductive
Applications in techniques (IVF, IUI, ICSI, intrafallopian transfer). Xenotransplantation
\Y ; . Pt 14
Animal and organ culture. Bioreactors for large-scale culture. Applications:
Biotechnology vaccines (hepatitis), therapeutics (somatostatin), biosimilars(Zarxio)
Total Hours H 60 \




SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Animal Biotechnology Practical
Semester — V
Familiarization with cell-culture laboratory and instruments.
Preparation and sterilization of culture media.
Separation of serum and inclusion for culture media
Demonstration of aseptic techniques.
Isolation and culture of cells (mechanical and enzymatic methods)-2 Units.
Trypan blue exclusion test for viability.
Demonstration of cryopreservation and thawing
MTT assay for cytotoxicity

ONoGa~WONE

Reference List:

1. Ranga, M. M. (2022). Animal biotechnology. Agrotech Publishing Academy.

2. Srivastava, A. K., Singh, R. K., & Yadav, M. P. (2013). Animal biotechnology. CBS
Publishers & Distributors.

3. Freshney, R. I. (2016). Culture of animal cells: A manual of basic technique and
specialized applications (7th ed.). Wiley-Blackwell.

4. Rastogi, S. C., & Rastogi, A. (2007). Animal cell culture and biotechnology. New Age
International Publishers.



SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Plant Biotechnology
Semester — V

Sl.

No.

Module

Description

Hours

Introduction & Laboratory
Organization

Overview of plant tissue culture — introduction, terms, and
definitions. Instrumentation and media; culturing facilities and
specifications of laboratory equipment. Laboratory and personal
safety protocols.

Sterilization Techniques &
Nutrient Media

Preparation of sterile media; sterilization techniques — chemical,
physical, and mechanical methods. Explant preparation —age and
size of explant. Media composition: inorganic nutrients, carbon
and energy sources, vitamins, and growth regulators (auxins,
cytokinins, gibberellins). Use of organic supplements, gelling
agents, pH indicators, and antibiotics. Preparation of plant tissue
culture media — Murashige and Skoog (MS) medium, Gamborg’s
B5 medium, White’s medium, and Nitsch’s medium

10

Types of Culture &
Micropropagation

Seed culture, embryo culture, callus culture, organ culture,
endosperm culture, ovary and ovule culture. Stages and types of
micropropagation — shoot bud/tip culture, meristem culture.
Organogenesis via callus culture and direct organogenesis.
Embryogenesis and somatic embryogenesis. Advantages,
disadvantages, and greenhouse considerations in
micropropagation.

15

Protoplast Isolation and
Fusion

Protoplast isolation methods — mechanical and enzymatic (direct
and sequential). Protoplast viability testing and culture
techniques. Somatic hybridization — protoplast fusion (methods
and mechanism), identification and selection of hybrid cells, and
cybrids. Advantages and disadvantages of somatic hybridization.

Somaclonal Variation

Basis of somaclonal variation; steps for obtaining somaclonal
variants; applications in biotic( Disease resistance) and abiotic
stress (e.g., glyphosate resistance); gametoclonal variations.

VI

Cell Suspension, Secondary
Metabolites, and
Applications of Plant
Biotechnology

Types of suspension cultures — batch, continuous, and
synchronized suspension cultures, Gamborg's B5 medium,
Techniques for single-cell culture — Bergmann cell plating
technique and its applications. Secondary metabolites — caffeine
production. Applications of plant biotechnology in various fields
(BT crops, Flavr Savr tomato).

13

Total Hours

60




SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Plant Biotechnology Practicals
Semester — V
1. Laboratory setup and design.
2. Preparation of MS medium.
3. Sterilization of explants, inoculation, and callus induction.
4. Embryo culture.
5. Nodal culture.
6. Protoplast isolation and fusion.

7. Preparation of synthetic seeds.

Reference List :
1. Chawla, H. S. (2010). Introduction to plant biotechnology (3rd ed.). CRC Press.
2. Abdin, M. Z., Kiran, U., Kamaluddin, & Ali, A. (Eds.). (2022). Plant biotechnology: Principles and

applications. Springer.



SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
NanoBiotechnology

Semester — V
|S. No.H Module || Description / Topics Covered HHours|
Nanoscale dimensions and quantum size effects on surface area,
reactivity, and biological interactions. Historical development and scope
Fundamentals of . L - : .
. of nanoscience in life sciences. Relationship between nanotechnology
I Nanoscience and . X . 10
. and biotechnology. Types of nanomaterials — metal nanoparticles,
Nanobiotechnology . . :
guantum dots, magnetic nanoparticles, and carbon-based nanomaterials
(graphene, CNTs, fullerenes).
Synthesis of nanomaterials: top-down (lithography, milling, etching) and
bottom-up (sol-gel, chemical reduction, green synthesis). Biological
Synthesis and synthesis using microorganisms, plant extracts, and enzymes. Surface
I Characterization of Bio- |modification and functionalization — bioconjugation, PEGylation,| 10
Nanomaterials ligand-receptor binding, antibody/protein coating. Characterization
techniques: SEM, TEM, AFM, UV-Vis, FTIR, Raman, XRD, DLS, and
zeta potential.
Environmental and agricultural applications — nanomaterials for water
Nanotechnology in purification, nano-fertilizers, nano-pesticides, and pollutant remediation.
Il | Environment, Agriculture |[Environmental monitoring using nanosensors. Biosafety, bioethics, and|| 10
and Biosafety regulatory aspects of nanomaterial use; introduction to nanotoxicology
and risk assessment principles (no in vitro/in vivo overlap).
Nanomaterials for cancer diagnosis and therapy.
In vitro assays: antibacterial and anticancer testing, apoptotic potential
Experimental (AO/EB staining, Hoechst-Rho B, SEM-based morphology, DNA
per laddering, ELISA for DNA “fragmentation, Annexin/PI flow cytometry,
v Nanotoxicology and ; . 15
. ROS detection using DCFH-DA).
Cellular Interactions ! . . . . .
In vivo assays: zebrafish embryo as a toxicological model - an ethical
and effective alternative for biomedical toxicity research, including
bioimaging-based assessments.
o Nano-biomimicry - peacock feather, butterfly wings, gecko feet, shark
Biomimetic and : .
skin, lotus leaf, insect eye, seashells, toucan beak, and plant
\Y/ Molecular . 7
. nanostructures, Molecular nanotechnology - DNA, protein, glyco, and
Nanobiotechnology - :
lipid nanotechnologies
Functional Biomaterials Na_notechnology_ln tissue engineering, artificial cells, ar_ld organ printing,
VI and Nano-Diaanostics Point-of-care diagnostics - nanosensors, lab-on-chip systems, and| 8
g CRISPR-based assays. Smart biomaterials (hydrogels and nanogels)
Total | 60 |




8.

9.

SEP
B.Sc. Biotechnology (Single Major)

Discipline Specific Course
NanoBiotechnology Practicals
Semester -V
Green synthesis of nanoparticles
Graphene preparation using scotch tape and optical observation
Synthesis of Nano biomass dots using ultrasonicator
Metal oxide nanoparticle synthesis using shaker
Nanoparticle synthesis using lemon extract

Photochemical Synthesis of Silver Nanoparticles using Sugar as a Reducing Agent

Silver nanoparticle synthesis from honey

10. Nano bio coating using dip coating technique

11. Optical Characterization of Nanoparticles using UV-Visible Spectroscopy

12. Antimicrobial activity of synthesised nanomaterial

Reference List:

1.
2.

3.
4.
5

Pradeep, T. (2012). A textbook of nanoscience and nanotechnology. McGraw-Hill.

Niemeyer, C. M. (Ed.). (2004). Nanobiotechnology: Concepts, applications and perspectives. Wiley-
VCH.

Murthy, S. S. (2016). Introduction to nanoscience and nanotechnology. Springer.

Poole, C. P., Jr., & Owens, F. J. (2003). Introduction to nanotechnology. Wiley.

Katiyar, R. S., Shukla, P., & Yadav, J. K. (Eds.). (2023). Sustainable nanotechnology: Strategies and
applications. Elsevier.



SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Medical Biotechnology Practicals
Semester — V

| S. No. H Module || Description / Topics Covered HHours|
DNA hybridization, DNA probes, FISH, CGH. DNA fingerprinting:
I F%;isimsergallasré):“[i)nNA RFLP, SNPs, RAPD,. Mitochondrial DNA in familial relationships. 15
y g Isothermal amplification techniques: RPA, SDA, NASBA.
Molecular diagnosis: DNA/RNA probes for infectious agents (HIV,
HPV), CRISPR-based diagnostics. Genetic disease diagnosis using
I Diagnosis of Human molecular markers (cystic fibrosis, sickle cell anemia, diabetes). 14
Disorders Immunological techniques: ELISA, RIA, Western blotting, RIEP,
Ouchterlony double diffusion, immunofluorescence, immunoelectron
microscopy.
. . Gene therapy: ex vivo (ADA, familial hypercholesterolemia), in vivo
I Med'fl I?i;((:);ctei(;hnrgology (cancer). Medical products: human protein replacements (insulin, Factor | 10
PP VI11) and recombinant therapeutics (tPA, interferons).
MRNA vaccines (COVID-19). Cancer immunotherapy (CAR-T cells).
Vaccines & Advanced || Advanced tools: flow cytometry, microarrays for gene/protein expression
v L o A . 12
Tools profiling. Use of monoclonal antibodies in diagnostics and targeted
therapy.
Advanced . . . ) )
o Drug delivery using microspheres and nanoparticles. Use of nanoparticles
\Y Technologies: . ) . o . 9
. as vaccine adjuvants Al-driven nanomedicine and personalized therapy.
Nanobiotechnology
| | Total Hours | 60

Reference List:

1. Brown, T. A. (2016). Gene cloning and DNA analysis: An introduction (7th ed.).
Wiley-Blackwell.
2. Freshney, R. 1. (2016). Culture of animal cells: A manual of basic technique and
specialized applications (7th ed.). Wiley-Blackwell.

3. Glick, B. R., Pasternak, J. J., & Patten, C. L. (2010). Molecular biotechnology:
Principles and applications of recombinant DNA (4th ed.). ASM Press.

4. Primrose, S. B., & Twyman, R. M. (2006). Principles of gene manipulation and
genomics (7th ed.). Wiley-Blackwell.




SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Developmental Biology

Semester -V
I\?(; Module Description / Topics Covered Hours
: Historical perspective: contributions of eminent scientists and landmark
Scope and History of . . ) . ,
| . experiments. Concepts of epigenesis, preformation and Von Baer’s 8
Developmental Biology ) : )
laws. Comparative, evolutionary and medical embryology. Teratology.
Life cycles and developmental patterns. Germ layers and neural tube
I Principles of formation. Mechanisms of development: asymmetric cell division, 9
Development inductive signals, lateral inhibition and positional value.
Developmental stages of chick embryo
. - Cell—cell communication and stem cells. Differential gene expression:
Cell Differentiation and L . . i .
I Sianalling Pathwavs transcriptional regulation and methylation patterns. Key signalling 15
gnatiing y pathways: Wnt, Notch, JAK/STAT, TGF-B and BMP.
Structure of gametes. Recognition of egg and sperm. Fertilization:
N external (amphibians) and internal (mammals). Fast and slow blocks to
v Fertilization . . . L | 14
polyspermy. Fusion of genetic material. Egg activation and cytoplasmic
rearrangement.
Differentiation and Concept of model organisms. Segmentation and axis specification in
V || Development in Model Drosophila. Vulval development in C. elegans. Melanophore 14
Organisms development in Zebrafish.
L Total Hours | 60
Reference:

1. Developmental Biology by Scott F. Gilbert
2. Developmental Biology: A Very Short Introduction by Lewis Wolpert
3. Essential Developmental Biology by J. M. W. Slack




SEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Fundamentals of Clinical Biotechnology
Semester — V

Module

Description / Topics Covered

Hours

Introduction to Clinical
Biotechnology and
Omics Technologies

Definition, scope, history and evolution. Role in healthcare, industry
overview and applications. Overview of omics: genomics, proteomics and
microbiomics. Human Genome Project and clinical genomics. Genetic
testing
Transcriptomic profiling in cancer and infectious diseases. Clinical
proteomics: biomarker discovery and drug target identification.
Metabolomics in disease profiling (diabetes, cancer, inborn errors).
Human microbiome in gut and systemic health; microbiome-based
therapeutics (FMT, probiotics). Multi-omics integration in personalized
medicine.

12

Biotechnology in
Forensics

Forensic genomics: whole genome/exome sequencing and SNP analysis.
Forensic serology: identification of body fluids (blood, semen, saliva),
protein and enzyme markers. DNA methylation for age estimation and
epigenetic profiling for lifestyle inference. Detection of drugs, poisons

and alcohol in biological samples.

12

Toxicology Studies in
Biotechnology

Definition, scope, history and branches of toxicology (environmental,
forensic, medical, industrial). Dose—response relationships: LDso, EDso,
NOAEL, LOAEL. Types of toxicants: chemical (metals, solvents,
pesticides) and biological (toxins, venoms). Routes of exposure: oral,
inhalation, dermal; ADME (absorption, distribution, metabolism,
excretion). Mechanisms of toxicity: oxidative stress, apoptosis, necrosis.

12

Clinical Trials and
Drug Development

Drug discovery pipeline overview. Sources of drugs: synthetic, natural,

recombinant proteins, monoclonal antibodies. Target identification and

validation. Lead compound identification and optimization. Preclinical
testing: in vitro and in vivo studies. Phases of clinical trials (I-1V).

12

Endemic, Epidemic
and Pandemic
Management

Definitions: endemic, epidemic, pandemic (with examples).
Epidemiological triad: agent, host, environment. Historical overview of
outbreaks; emerging and re-emerging diseases. Disease surveillance
systems such as Integrated Disease Surveillance Programme and World
Health Organization Global Influenza Surveillance and Response System.
Reporting mechanisms and outbreak indicators. Containment strategies:
isolation, quarantine, contact tracing. Vaccination and herd immunity.
Case study: COVID-19 global management.

12

Total Hours

| 60

References
1. Judit Pongracz and Mary Keen, Medical Biotechnology 1st Edition, Elsevier publications, 2008

2. S N Jogdand Medical Biotechnology 2nd Edition Himalaya publishers 2008

3. Keith Wilson & John Walker, Practical Biochemistry- 5th edition, Cambridge University Press, UK 2000

4. Bartram G. Katzung, Basic & Clinical Pharmacology, 9th Edition, Mc Graw Hill Publications 2004

5. Devlin TM, Text book of biochemistry with Clinical Correlations 5th edition 2002

6. Richard B Silverman, Organic Chemistry of Drug design and Drug action Elsevier Science, Academic Press




SEP
B.Sc. Biotechnology (Single Major)
Compulsory Skill Course

Applied Microbial Biotechnology: Isolation to Application

Semester —V
Sl N
No. Module Description Hours
Morphological, cultural, and physiological
characterization of isolates.
I Phenotypic B_lochemlcal _tests — catalase, oxidase, urease, m_dole, ’
Characterization ~ |nitrate _reductlon, methyl red, nges—Proskauer, citrate
utilization, and sugar fermentation (glucose, lactose,
sucrose, maltose, mannitol, fructose, xylose).
Enzyme Screening Screening for amylase, cellulase, protease, or lipase
I and Metabolic production; determination of optimal growth conditions | 4
Profiling (pH, temperature, substrate) for enzyme activity.
Molecular Genomic DNA isolation; PCR amplification of 16S
R rRNA (for bacteria) / ITS region (for fungi); Tools for
il Identification rimer design; Gel electrophoresis >
Techniques P an, P '
Total Hours 15




SEP
B.Sc. Biotechnology (Single Major)
Compulsory Skill Course

Applied Microbial Biotechnology: Isolation to Application, CSC

Semester — VI

SI. .

No. Module Description Hours
Microbial Enzyme production, biofertilizer formulation, bioplastic

| Application synthesis, or bioremediation trials. Optimization of production 5
pSF;u dies conditions using one-variable-at-a-time (OVAT) or statistical

models.

Product Extraction and purification of microbial products;

Il | Recoveryand e . . : 5
Analysis quantification and activity assay of produced biomolecules.
Proiect Report Data compilation, result interpretation, and discussion;

11 and Igresentstion preparation of project report and manuscript draft; oral] 5

defense/presentation of the final project.
Total Hours 15




SEP
B.Sc. Biotechnology (Single Major)
Compulsory Skill Course
Applied Microbial Biotechnology: Isolation to Application Practical

Semester — IV
1. Isolation of bacteria/fungi from soil or water;
2. Staining techniques
3. Basic morphology by colony characterization
4. Preparation of nutrient, selective, and differential media
5. Maintenance of pure cultures.

Semester —V
1. Biochemical characterization tests
2. Extraction and quantification of genomic DNA
3. PCR amplification and gel documentation
4. Enzyme assay (e.g., amylase using starch hydrolysis)

Semester — VI
1. Small-scale fermentation for product formation
2. Optimization of production parameters
3. Quantification of yield (enzyme activity units, biomass, pigment concentration, etc.)

4. Product recovery and characterization

Reference List

1. Nigam, A., & Ayyagari, A. (2007). Lab manual in biochemistry, immunology and
biotechnology. Tata McGraw-Hill Education.

2. Wilson, K., & Walker, J. (2010). Principles and techniques of biochemistry and
molecular biology (7th ed.). Cambridge University Press.

3. Cappuccino, J. G., & Welsh, C. T. (2016). Microbiology: A laboratory manual (11th
ed.). Pearson.

4. Research Methodology: Methods and Techniques — C.R. Kothari & Gaurav Garg (5th
Edition)

5. Research Methodology: A Step-by-Step Guide for Beginners — Ranjit Kumar (5th
Edition)



NEP Single Major

NEP Single Major

Animal & Plant Physiology DSC
Clinical Biochemistry DSC
Basics in Omics & Clinical Research Voc
7TH SEMESTER
Cell Communication & Signaling DSE
Research Component




NEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Animal & Plant
Physiology
Semester — VII

S.No.|| Module || Description / Topics Covered |Hours|
Water relations and transport: diffusion, osmosis, imbibition,
Plant water potential and its components, root pressure, transpiration.
I Transport Ascent of sap: xylem structure and function, cohesion—tension 8
Systems theory. Translocation of solutes: phloem transport and pressure
flow hypothesis.
Plant Photosynthetic system: light reactions, electron transport, carbon
. fixation pathways (C3, C4, CAM). Respiratory system in plants:
I Metabolic I ) . 10
oxidative phosphorylation, photophosphorylation,
Systems L2 L
photorespiration and its significance.
Plant hormones: auxin, cytokinin, gibberellin, ethylene, abscisic
acid and their functions. Mechanism of regulation: hormonal
Plant balance (growth depends on hormone ratios). Signal
i Regulatory || transduction: gene expression changes, enzyme activation (ABA | 12
Systems in drought, Ca?" increase, stomatal closure). Plant responses:
tropisms (phototropism, gravitropism) and nastic movements
(touch-me-not, opening/closing of flowers).
: Circulatory system: structure and function of the heart, cardiac
Animal ; . . .
v Transport cycle, ECG basics, blood composition and fun_ctlons. Respiratory 10
system: lung structure, mechanism of respiration, gas exchange
Systems . L
and transport, regulation of respiration.
Nervous system: neuron structure and function, action potential,
Animal synaptic transmission, central and peripheral nervous systems,
Regulatory & Viral titre for clinical corelation in neurotropic infections.
\ X R 10
Control Endocrine system: major glands and hormones, hormonal
Systems regulation and feedback mechanisms, RT - PCR as a molecular
analysis tool in endocrine gene expression.
. Excretory system: nephron structure, urine formation,
Animal . S A :
osmoregulation. Digestive system: digestion, absorption,
Vi System ; : i 10
. enzymatic control. Muscle physiology: skeletal muscle structure,
Physiology AL
sliding filament theory.
\ | Total | 60




NEP
B.Sc. Biotechnology (Single Major)
Discipline Specific Course
Clinical
Biochemistry
Semester — VII

S. No.

Module

Description / Topics Covered

Hours

Introduction to Clinical
biochemistry-

Introduction to Clinical biochemistry; laboratory organization,
management and maintenance of records, Quality control; Hazards
and safety measures; quality assurance; accuracy and precision;
factors influencing the accuracy of results.

Clinical samples- blood, urine and cerebrospinal fluid; chemical
composition, collection, processing, stability and storage; serum
and plasma separation.

10

Endocrinal related
disorders

Types and functions of endocrine hormones (hypothalamus,
pituitary, thyroid and pancreas); clinical features, prevalence in
endocrine diseases. Disturbances related to the function of.
Electrolyte and acid base balance: regulation of electrolyte content
of body fluids and maintenance of pH, disorders of electrolyte,
water and acid base balance.

12

Metabolic disorders

Pathogenesis and risk factors associated with Disorders of
carbohydrate metabolism: Diabetes mellitus, glycogen storage
disease; disorders of lipid metabolism: Ketosis, Atherosclerosis:
Disorder of amino acid metabolism: phenylketonuria,
Homocystinuria and Maple syrup syndrome Disorder of nucleic
acid metabolism: Lesch Nyhan syndrome and gout; Disorders of
vitamins (Vit A, B, D) and mineral metabolism (anemia, thyroid
disorders).

15

Organ Function Tests &
Diagnostic Enzymology

Assessment of liver-Liver function tests, liver disease — hepatitis,
cirrhosis and its diagnosis. Kidney function tests- clearance test,
nephritic syndrome, glomerulonephritis, renal stones. Thyroid
function tests- hypothyroidism, hyperthyroidism and goitre.
Exocrine pancreas and G.I. tract function tests. Diagnostic
Enzymes: principles of diagnostic enzymology, clinical
significance of aspartate aminotransferase, alanine
aminotransferase, creatine kinase, aldolase, lactate dehydrogenase,
Alkaline phosphatase, lipase, amylase and 5'-nucleotidase.

15

Biochemical
investigations of
Blood/Serum/Plasma

Principles, procedures, normal ranges, and clinical significance of:
Glucose, glucose tolerance test, Total proteins, A/G ratio,
estimation of urea, uric acid, creatinine, total cholesterol and
bilirubin.

Total

60




© 0 N o g b~ w D PE

NEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Course
Animal and Plant Physiology & Clinical Biochemistry Practicals
Semester — VI

Demonstration of osmosis using potato osmometer

Determination of stomatal index using leaf peel

Separation of photosynthetic pigments by chromatography

Estimation of chlorophyll content (spectrophotometry)

Separation of serum and plasma from blood

Electrophoresis of serum proteins

Determination of total protein and A/G ratio

Estimation of inorganic phosphate in urine by Fiske-Subbarow method.

Estimation of total serum cholesterol by Zak’s method

References:

1.
2.

3.
4.

Hill, R. W., Wyse, G. A., & Anderson, M. (2008). Animal physiology (2nd ed.). Sinauer Associates
Taiz, L., Zeiger, E., Mgller, 1. M., & Murphy, A. (2022). Plant physiology and development (7th ed.).
Oxford University Press.

Textbook of Medical Biochemistry — M. N. Chatterjea & Rana Shinde, Jaypee Brothers

Davidson's Principles and Practice of Medicine — L. S. P. Davidson, J. MacLeod & C. R. W. Edwards,
Churchill Livingstone

Kumar, V., & Gill, K. D. (2018). Basic concepts in clinical biochemistry: A practical guide. Springer.



NEP
B.Sc. Biotechnology (Single Major)
Vocational Course
Basics in Omics and Clinical Research

Semester — VII
I\?(; Module Description / Topics Covered Hours
Definition, scope and significance of Omics sciences. Overview of
systems biology and integrative approaches. Comparison of
I || Introduction to Omics genomics, transcriptomics, proteomics and metabolomics. 8
Applications and career prospects of Omics in biotechnology and
medicine.
Genome organization and sequencing strategies. DNA sequencing
methods: Sanger and NGS. Genome annotation and comparative
Genomics and genomics. Databases: C_EenBank,_ENA, DDBJ._Qengme browsers
I Proteomics (NCBI, Ensembl). Protein extraction and quantification. 2D-PAGE| 11
and basics of mass spectrometry (LC-MS/MS). Protein
identification and functional analysis. Protein databases: UniProt,
PDB; protein structure visualization.
RNA isolation and quality assessment. Gene expression analysis:
microarrays and RNA-Seq. Databases: GEO, ArrayExpress;
Transcriptomics, visualization using GEO datasets. Metabolomics: metabolites and
Il Metabolomics and metabolic pathways; GC-MS in metabolite profiling. Integrative 10
Integrative Omics Omics: linking genomics, proteomics and metabolomics. Case
studies: biomarker discovery, metabolic engineering. Tools:
KEGG, MetaboAnalyst.
Definition, scope and importance of clinical research. Phases of
clinical trials (I-1V). Good Clinical Practice (GCP) guidelines.
Y, Introduction to Clinical|| Trial documentation: IND application, Investigator’s Brochure 8
Research (IB), protocol development. Regulatory bodies: ICMR, CDSCO,
FDA, EMA, WHO. Informed consent process. Pharmacovigilance:
AE, SAE and ADR reporting and management.
Study designs: observational and interventional. Randomization
and blinding. Endpoints and outcome measures. Data collection
v Clinical Trial and Case Report Forms (CRF). Essential documents: Trial Master 8
Methodology File (TMF), Investigator’s Brochure (IB), Site Master File. Ethical
issues and role of Institutional Ethics Committees. Clinical trial
management: study setup, monitoring and site management.
Total Hours 45
References
1. Bioinformatics Algorithms: An Active Learning Approach — Compeau, P. & Pevzner, P.
2. The Fundamentals of Clinical Research — Dubinsky, P. M. & Henry, K. A.
3. Basic Principles of Clinical Research and Methodology — Gupta, S. K.
4. Bioinformatics and Functional Genomics — Lesk, A. M.
5. Essential Bioinformatics — Xiong, J.
6. Understanding Bioinformatics — Zvelebil, M. J. & Baum, J. O.







NEP
B.Sc. Biotechnology (Single Major)
Vocational Course
Basics in Omics and Clinical Research

Semester — VII
I\?(') Module Description / Topics Covered Hours
Hormones and their receptors. Cell surface receptors and G-protein coupled
. . receptors (GPCRs). Signal transduction pathways and secondary messengers.
I Cell Signalling ; . . . 11
Regulation of signalling pathways. Bacterial and plant two-component
systems. Light signalling in plants. Bacterial chemotaxis and quorum sensing.
General principles of cell communication. Cell adhesion and adhesion
Cell T . .
I N molecules. Gap junctions and extracellular matrix. Integrins. 8
Communication L . . . .
Neurotransmission and its regulation. Regulation of haemopoiesis.
Immune cells as signal-processing units; Receptor-ligand interactions in
immune recognition, intracellular signalling in lymphocyte activation;
Innate and Antibody mediated communication and clonal switching. Communication
Il || Adaptive Immune || involved in Monoclonal antibody production. Antigen presentation as signal | 11
System transfer. Signalling in Complement system and hypersensitivity. Signalling
defects and therapeutic modulation. Vaccines as designed interventions that
prime signalling memory and enhance secondary responses.
Recognition and entry of pathogens. Host cell alterations. Virus-induced
Host—Pathogen : . ) . .
v . transformation. Pathogen-induced diseases in plants and animals. Cell—cell 8
Interaction .
fusion in normal and abnormal cells.
Genetic rearrangements in progenitor cells. Oncogenes and tumour
V || Cancer Biology || suppressor genes. Cancer and cell cycle. Virus-induced cancers. Metastasis. | 7

Interaction of cancer cells with normal cells. Therapeutic interventions.

Total Hours

| 45 |




NEP
B.Sc. Biotechnology (Single Major)
Discipline-Specific Elective
Cell Communication and Signaling
Semester — VII

No. Module

Description / Topics Covered

Hours

I Cell Signalling

Hormones and their receptors. Cell surface receptors and G-protein coupled
receptors (GPCRs). Signal transduction pathways and secondary messengers.
Regulation of signalling pathways. Bacterial and plant two-component
systems. Light signalling in plants. Bacterial chemotaxis and quorum sensing.

11

I Cell
Communication

General principles of cell communication. Cell adhesion and adhesion
molecules. Gap junctions and extracellular matrix. Integrins.
Neurotransmission and its regulation. Regulation of haemopoiesis.

Innate and
Il || Adaptive Immune
System

Immune cells as signal-processing units; Receptor-ligand interactions in
immune recognition, intracellular signalling in lymphocyte activation;
Antibody mediated communication and clonal switching. Communication
involved in Monoclonal antibody production. Antigen presentation as signal
transfer. Signalling in Complement system and hypersensitivity. Signalling
defects and therapeutic modulation. Vaccines as designed interventions that
prime signalling memory and enhance secondary responses.

11

Host—Pathogen
AV )
Interaction

Recognition and entry of pathogens. Host cell alterations. Virus-induced
transformation. Pathogen-induced diseases in plants and animals. Cell—cell
fusion in normal and abnormal cells.

V || Cancer Biology

Genetic rearrangements in progenitor cells. Oncogenes and tumour

suppressor genes. Cancer and cell cycle. Virus-induced cancers. Metastasis.
Interaction of cancer cells with normal cells. Therapeutic interventions.

|

Total Hours

| 45 |
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