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INTRODUCTION: 

A nation’s journey is largely scripted by the quality of its human resources. India, home 

to world’s largest young population, needs to strengthen the human capital in terms of 

knowledge and skills so that the dream of Viksit Bharat by 2047 is achievable. This needs 

a curriculum framework which emphasises on Learning Outcomes so that higher 

education is empowering the students with the right set of Knowledge, Attitude and 

Skills.   

UGC’s Learning Outcomes based Curriculum Framework (LOCF) aims at holistic 

experience for students which focuses on both knowledge acquisition and application of 

knowledge. LOCF also seeks to empower the students with the necessary skills in a Tech-

driven Knowledge economy – critical thinking, problem-solving, analytical reasoning, 

cognitive skills and lifelong self-learning.    

Based on the LOCG given by UGC, Mount Carmel College, Autonomous proposes the 

following template which will be adopted by all the Departments for curriculum revision 

and adoption of outcome-based approach.   

 

 

 

 

 

 

 

 

 

 

 

 



GRADUATE ATTRIBUTES  

Mount Carmel College, Autonomous offers graduate and postgraduate programs which 

empower graduates with the following attributes: 

• In-depth knowledge and ability to apply this in real world situations 

• Critical, creative and evidence-based thinking to be problems-solvers 

• Excellent communication skills to convey thoughts and ideas appropriately & 

innovatively 

• Agile learners who can keep pace with a rapidly transforming digitalized world 

• Ability to take up leadership roles and work in multi-cultural teams 

• A desire to see themselves as continuous learners and seek new knowledge and 

skills 

• To be responsible citizens with sound ethical values and concern for the 

community 

QUALIFICATION DESCRIPTORS 

The students who complete three years of full-time study of an undergraduate 

programme of study will be awarded a Bachelor’s Degree (BA/B.Sc./B.Com/BBA/BCA).  

The Graduates of the degree program will demonstrate: 

• An in-depth understanding in the chosen discipline, comprising theoretical and 

practical perspectives, and a basic understanding of emerging areas of study and 

practice. 

• Ability to apply knowledge to comprehend the dynamics of the work-place, 

society and world in order to find efficient and ethical solutions to problems. 

• Basic quantitative and digital skills for undertaking analysis, interpreting results 

and arriving at logical conclusions. 

• Comprehensive knowledge about current topics and basic skills required to 

comprehend contemporary issues. 

 

 



FRAMEWORK FOR OUTCOME BASED CURRICULUM FOR A PROGRAM  

 

VISION OF THE DEPARTMENT 

Department of Biochemistry 

The Department of Biochemistry endeavours to advance Biochemistry through 

education, research, and community service. 

 

Department of Zoology 

Education for the evolution of empowered, enlightened, and socially conscious youth 

involves fostering critical thinking, empathy, and a sense of global citizenship. It 

encompasses not only academic knowledge but also emotional intelligence, ethical 

reasoning, and social responsibility. 

 

Department of Microbiology 

The Department of Microbiology envisions a life-oriented student centric and hands 

on education system that transforms and empowers students into socially conscious 

individuals. 

 

 

INTRODUCTION OF THE PROGRAM 

Mount Carmel College offers innovative and inter-disciplinary triple major 

programme in the scientific disciplines of Biochemistry, Zoology and Microbiology 

within a vibrant and stimulating community where knowledge is constantly imparted 

and exchanged. The programme aims to mould the conventional bachelors into a 

more holistic science education experience, bringing together biochemical, microbial 

and animal sciences. Our students are encouraged to take part in research activities, 

thus providing them a symbiotic environment of education and research. 

 

 

 

 



PROGRAM LEARNING OUTCOMES 

(What students will learn after completing the degree) 

PLO1 Demonstrate a comprehensive understanding of core principles and 

theories in zoology, biochemistry, and microbiology, covering topics 

such as anatomy, cell biology, physiology, ecology, microbial and 

molecular structures, metabolism, and genetics. 

PLO2 Analyze and interpret the complex relationships among animals, 

microorganisms, and humans within various ecosystems, with an 

emphasis on their biochemical and physiological roles in nutrient 

cycling, disease transmission, and maintaining ecological balance. 

PLO3 Evaluate the impact of environmental factors, genetics, biodiversity, 

and evolutionary processes on the morphology, physiology, and 

behavior of animals, humans, and microorganisms to develop a 

nuanced understanding of their adaptations and survival strategies. 

PLO4 Apply critical thinking skills to investigate complex biological 

phenomena and solve problems in zoological, microbiological, and 

human biology research, including disease outbreak analysis, 

conservation strategy development, transgenic technology, and 

biotechnological innovations. 

PLO5 Develop proficiency in essential laboratory techniques, such as 

microscopy, microbial culturing, DNA sequencing, food preservation, 

and biochemical assays, ensuring effective application of theoretical 

knowledge in practical settings.  

PLO6 Demonstrate effective communication and collaboration skills in 

interdisciplinary environments to address contemporary challenges in 

human, animal, and microbial sciences. 

 

 

 

 

 



SYLLABUS BLUEPRINT 

Program Title  B.Sc Biochemistry, Microbiology, Zoology  

Course Title Biomolecules  

Nature of Course  Discipline Specific Course (DSC) 

Semester  1 

Total Hours  60 

Credits  4 

 

Objective of the Course:  

The course aims to equip students with the ability to demonstrate foundational 

knowledge of chemistry in biomolecules such as carbohydrates, proteins, lipids, nucleic 

acids, vitamins and minerals while acknowledging the interplay between their structure, 

functions, and properties, as well as to comprehend the knowledge for a better 

understanding as therapeutic tool.  

Course Learning Outcomes:  

COURSE LEARNING OUTCOMES 

CLO1 Understand the structure, configurational, conformational and 

physicochemical aspects of carbohydrates and their relevance to 

biological function.  

CL02 Evaluate the impact of lipid composition, functions, and application 

aspects of lipids.  

CLO3 Analyse the structure-function relationship of amino acids and 

proteins, application of Ramachandran plot in understanding protein 

structure.   

CLO4 Create a link between theoretical knowledge and synthesis of new 

approaches involved in characterizing nucleic acids, along with an 

analysis of DNA polymorphism, supercoiling, and higher-order 

structures. 

CLO5 Evaluate the dietary sources and nutritional significance of vitamins 

and minerals; and describe the specific deficiency diseases associated. 

 



MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PL06 

CLO1 ✓  ✓ ✓ ✓  

CLO2 ✓  ✓ ✓ ✓  

CLO3 ✓  ✓ ✓ ✓  

CLO4 ✓  ✓ ✓ ✓  

CLO5 ✓ ✓ ✓ ✓ ✓  

 

Course Content: 

Module                                  Content  Hours  

I 

 

Carbohydrates: Classification and biological 

importance.  

Monosaccharides –Open chain and Haworth ring 

structure of glucose, galactose, mannose, ribose, 

fructose. Brief review on conformational and 

configurational aspects - DL and RS notation.  Anomers, 

epimers and enantiomers. Oxidation, reduction, 

formation of glycosides, acylation, methylation, 

condensation – phenyl hydrazine, addition – HCN. Amino 

sugars.  

Disaccharides - Structure of sucrose, maltose, lactose, 

isomaltose, cellobiose and trehalose. Brief discussion on 

reducing property.  

Polysaccharides – homopolysaccharides and 

heteropolysaccharides. Partial structure, occurrence and 

importance of starch, glycogen, cellulose, chitin, 

hyaluronic acid, heparin and chondroitin sulphate                                                       

Blood group antigens, bacterial polysaccharides 

proteoglycans. Glycoproteins: structure and functions. 

13 



Lectins: characteristics and biological importance, 

Cardioglycosides. 

II Lipids: Discovery and historical aspects, classification of 

lipids.  

Fatty acids: Structure, properties and functions. 

Acylglycerols: mono-, di-, triacylglycerols; general 

structure with examples. Hydrolysis and unsaturation. 

Lipid peroxidation. 

Phosphoglycerides: Structure and biological roles of 

phosphatidyl choline, phospatidyl ethanolamine, 

phosphatidyl serine, phospatidyl inositol.  

Sphinogolipds: Structure of 4-sphingenine, ceramides 

and sphingomyelin and their biological importance. 

Glycosphingolipids: Biological importance and general 

structure of cerebrosides and gangliosides. 

Eicosanoids: Functions of prostaglandins, 

thromboxanes, leukotrienes, and lipoxins.   

Lipoproteins: structure, function and mechanism of 

transport. 

Steroids: Basic ring structure in steroids. Structure and 

biological importance of cholesterol, phytosterols, 

ergosterol, cortisol, β-estradiol, testosterone, and 

aldosterone. Bile acids. 

13 

III 

 

Amino acids and Proteins:  

Amino acids: Structure and classification based on the 

polarity of R group. Stereoisomerism of amino acids. 

Amino acids as ampholytes, zwitter ions, isoelectric pH. 

Reactions of amino acids with ninhydrin, FDNB, Edman's 

reagent. Non-protein amino acids. 

Peptides: Structure and conformation, example and 

function of biologically active peptides. Merrifield solid 

phase synthesis. 

13 



Proteins: Elucidation of primary structure. 

Ramachandran plot. Secondary structure – α-helix, β-

sheet, β-bend, triple helical structure. Tertiary structure 

– Insulin, ribonuclease, lysozyme, myoglobin and 

chymotrypsin. Quaternary structure – Hemoglobin.                                                                                      

Structure-function relationship: Hair, Silk. Prions.        

Protein denaturation. Protein folding. Role of heat shock 

proteins.  

IV Nucleic acids: Structure of nitrogenous bases, 

nucleosides, nucleotides. Acid-base properties. 

Reassociation kinetics, hypo- and hyperchromic effect. 

Isolation, fractionation and characterization of nucleic 

acids.  

DNA: Double helical structure of DNA, polymorphism of 

DNA (A, B, Z forms), supercoiling of the DNA, higher 

orders of DNA structure - Chromatin structure, histones 

and nucleosomes. Repetitive DNA sequences - tandem 

repeats (satellites, minisatellites, and microsatellites). 

Chemical synthesis of oligonucleotide. Nucleic acid 

sequencing – Maxam and Gilbert method; Sanger's 

method.     

RNA: Types of RNA, structure of mRNA, tRNA, SiRNA, 

microRNA with emphasis on importance of structure to 

its function.   

13 

V Vitamins and Minerals:  

Vitmains: Dietary sources, biochemical functions and 

specific deficiency diseases associated with fat and 

water-soluble vitamins. Hypervitaminosis symptoms of 

fat-soluble vitamins. Nutritional requirements of 

vitamins for infants & children and during pregnancy 

and lactation.  

08 



Minerals: Sources, requirement, physiological function, 

deficiency and toxicity of calcium, sodium, potassium, 

iron, magnesium, iodine, and zinc. 

 

References  

1. Lehninger Principles of Biochemistry 4th Edn by David L. Nelson and Michael M. 

Cox, WH Freeman and Company. 

2. Principles of Biochemistry by Geoffrey Zubay. McGraw Hill Publishers. 

3. Biochemistry by Lubert Stryer. WH Freeman and Co. 

4. Biochemistry and Molecular biology by William H. Elliott and Daphne C. Elliott. 

Oxford University Press. 

5. Biochemistry 3rd Edn. by Donald J. Voet and Judith G. Voet. John Wiley and Sons. 

6. Principles of Biochemistry by Robert Horton, Laurence A Moran, Gray Scrimgeour, 

Marc Perry and David Rawn. Pearson Education. 

 

Online Resources 

1. NCBI Bookshelf – Biochemistry by Berg, Tymoczko, and Stryer 

A comprehensive, textbook-level source covering carbohydrates, lipids, proteins, 

and nucleic acids—includes historical aspects, structural details, and functional 

insights. 

2. Khan Academy – Biology: Macromolecules Series 

Ideal for conceptual understanding of carbohydrates, lipids, proteins, and nucleic 

acids with visuals and short explanatory videos. 

3. DNA From the Beginning – Cold Spring Harbor Laboratory 

An excellent educational site covering the discovery, structure, and function of 

nucleic acids, including experimental history and animation-rich content. 

4. LipidMaps – Lipid Structure & Function Database 

Specialized resource for classification, structures, pathways, and biological 

functions of all lipid types, including prostaglandins, sphingolipids, and steroids. 

5. Proteopedia – 3D Interactive Protein Structures 

Visual and interactive database to explore protein and peptide structures, such 

as insulin, hemoglobin, lysozyme, and more, including Ramachandran plots. 

https://www.ncbi.nlm.nih.gov/books/NBK21154/
https://www.khanacademy.org/science/biology/macromolecules
http://www.dnaftb.org/
https://www.lipidmaps.org/
https://proteopedia.org/


6. Nature Scitable – Nucleic Acids and Genetic Material 

Offers accessible articles on DNA/RNA structure, chromatin organization, gene 

regulation, and repetitive DNA sequences. 

 

Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

• Interactive Discussions and Presentations: Engaging students through dialogue and 

student-led presentations. 

• Problem-Based Learning (PBL): Student-centered approach involving solving real-

world problems. 

• Quizzes as part of formative assessment. 

 

Evaluation Pattern: 

   

Continuous Internal 

Assessment  

Test 1 30 marks scaled down to 10 

Seminar/Presentation/Project 10 marks  

Semester End 

Examination  

SEE  80 marks  

 

Question Paper Blueprint:  

Modules Teaching 

Hours 

CLOs No. of Questions & Marks Distribution 

Part A 

No. of 

Questions 

Marks Part B 

No. of 

Questions 

Marks Part C 

No. of 

Questions 

Marks 

I 13 1 3 06 1 06 1 10 

II 13 2 1 02 2 12 1 10 

III 13 3 2 04 2 12 1/2 05 

IV 13 4 3 06 1 06 1 10 

V 08 5 3 06 - - 1/2 05 

 

https://www.nature.com/scitable/


Lab 1 – Biomolecules Practical 

1. Preparation of buffers and measurement of pH 

2. Estimation of glucose by DNS method 

3. Estimation of total amino acids by Ninhydrin method 

4. Estimation of RNA by orcinol method 

5. Estimation of DNA by diphenylamine method 

6. Determination of saponification of lipid samples 

7. Determination of iodine number of lipid samples 

8. Determination of protein in given sample by Biuret method 

9. Estimation and comparison of Vitamin C in fruit juices 

10. Estimation of Calcium from milk 

 

 

SYLLABUS  

Program Title  B.Sc Biochemistry, Microbiology, Zoology  

Course Title Enzymology and Clinical diagnosis  

Nature of Course  Discipline Specific Course (DSC) 

Semester  II 

Total Hours  60 

Credits  4 

 

Objective of the Course:  

The course aims to enable students to demonstrate foundational knowledge of enzyme 

chemistry, including classification, mechanism of action, kinetics, regulation, and clinical 

relevance, while recognizing the interrelation between enzyme function and metabolic 

pathways. It also seeks to develop an understanding of the diagnostic and therapeutic 

importance of enzymes in health and disease through the interpretation of clinical 

biochemical parameters. 

 



COURSE LEARNING OUTCOMES 

CLO1 Understand the classification, nomenclature, and structural features of 

enzymes, along with the principles underlying enzyme specificity and 

catalysis. 

CL02 Explain enzyme kinetics, inhibition mechanisms, and the influence of 

factors such as pH, temperature, and substrate concentration on 

enzyme activity. 

CLO3 Analyse enzyme regulation in metabolic pathways, and interpret the 

clinical significance of key regulatory enzymes in normal and diseased 

conditions,  

CLO4 Apply enzymological techniques for qualitative and quantitative 

estimation of diagnostic enzymes, and evaluate their utility in disease 

diagnosis and prognosis,  

CLO5 Integrate theoretical knowledge of enzymology with clinical 

biochemistry to interpret enzyme assay data, and correlate enzymatic 

changes with pathological states. 

 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PL06 

CLO1 ✓  ✓ ✓ ✓  

CLO2 ✓  ✓ ✓ ✓  

CLO3 ✓  ✓ ✓ ✓  

CLO4 ✓  ✓ ✓ ✓  

CLO5 ✓ ✓ ✓ ✓ ✓  

 

Course Content: 



Module 

/Unit 

                                Content  Teaching 

Hours  

I 

 

Fundamentals of Enzymology-Introduction to enzymes: 

historical perspective, definition, and role in biochemistry, 

Enzyme classification according to the Enzyme Commission 

(EC) numbering system(with examples) Structure of enzymes: 

active site, apoenzyme and holoenzyme concept, Essential 

components: cofactors, coenzymes, and prosthetic groups, 

Enzyme activity, units of activity, enzyme assays. Factors 

influencing enzyme activity: effect of pH, temperature, 

substrate concentration, and enzyme inhibitors.   

12 

II 

 

Enzyme Kinetics and Mechanisms-Basic enzyme kinetics: 

Michaelis-Menten theory and derivation, Graphical 

representation of enzyme kinetics: Lineweaver-Burk, Enzyme 

inhibition: types (competitive, non-competitive, uncompetitive, 

irreversible), kinetic effects, and clinical relevance, Mechanisms 

of enzyme action: transition state stabilization, active site 

dynamics, Allosteric enzymes: cooperativity and models of 

regulation.  

Case studies highlighting the importance of kinetic analysis in 

drug designing.  

12 

III Enzyme Regulation and enzyme technology -Mechanisms of 

enzyme regulation: covalent modification (phosphorylation, 

12 



acetylation), proteolytic activation, feedback inhibition with 

appropriate examples. 

Methods for immobilizing enzymes (adsorption, covalent 

binding, entrapment, encapsulation), advantages of 

immobilized enzymes in industrial processes; Use of enzymes 

in various industries such as food and beverages (e.g., amylases 

in brewing, proteases in cheese making), textiles (e.g., cellulases 

in fabric processing), detergents (lipases, proteases), 

pharmaceuticals (enzyme therapeutics, diagnostics), and 

biofuels. Basics of enzyme modification for improved stability, 

activity, and specificity; recombinant enzymes and their 

commercial production. Examples of industrial enzyme 

applications, including enzyme-based biosensors and 

environmental applications, eg-bioremediation.  

IV Principles and Techniques in Clinical Diagnosis-

Introduction to clinical biochemistry: scope, significance, and 

major biochemical parameters,Analytical techniques for 

enzyme measurement: photometric, fluorometric, and 

immunoassays,Sample collection: types of clinical samples 

(blood, serum, plasma, urine), handling, and storage 

considerations , Quality control and standardization in clinical 

enzymology laboratories, Troubleshooting common assay 

interferences and errors, Importance of laboratory 

accreditation and regulatory standards in clinical diagnosis 

12 



V Clinical Applications of Enzyme based Diagnosis- 

Isoenzymes: definition, tissue specificity, and clinical 

importance Enzymes as markers in myocardial infarction: 

creatine kinase (CK), lactate dehydrogenase (LDH), and 

troponins; Liver function tests: diagnostic enzymes such as 

alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), alkaline phosphatase (ALP), gamma-

glutamyltransferase (GGT) Pancreatic enzyme markers: 

amylase and lipase in pancreatitis diagnosis, Role of enzymes in 

monitoring therapy and disease progression, Emerging 

enzymatic biomarkers in oncology, infectious diseases, and 

metabolic disorders; Case discussions and interpretation of 

enzyme profiles in clinical settings 

12 

 

References  

1. Lehninger AL, Nelson DL, Cox MM. Principles of Biochemistry. 8th ed. New York: 

W.H. Freeman and Company; 2021. 

2. Berg JM, Tymoczko JL, Gatto GJ Jr, Stryer L. Biochemistry. 9th ed. New York: W.H. 

Freeman and Company; 2019. 

3. Dixon M, Webb EC. Enzymes. 3rd ed. London: Longman Group Ltd; 1979. 

4. White A. Enzymes: The Key to Biochemical Reactions. 1st ed. Oxford: Oxford 

University Press; 2016. 

5. Vasudevan DM, Sreekumari S, Vaidyanathan K. Textbook of Biochemistry for 

Medical Students. 9th ed. New Delhi: Jaypee Brothers Medical Publishers; 2013. 

6. Chatterjea MN, Shinde R. Textbook of Medical Biochemistry. 8th ed. New Delhi: 

Jaypee Brothers Medical Publishers; 2019. 

7. Ahuja T, Ahuja V. Clinical Enzymology: Principles and Practice. 1st ed. New Delhi: 

CBS Publishers; 2018. 



8. Mahadevan R, Sridharan KN. Practical Clinical Biochemistry: Methods and 

Interpretation. 4th ed. New Delhi: Jaypee Brothers Medical Publishers; 2020. 

 

Teaching Pedagogy: 

● Lecture-Based Instruction: Structured delivery of course content by the teacher. 

● Interactive Discussions and Presentations: Engaging students through dialogue and 

student-led presentations. 

● Problem-Based Learning (PBL): Student-centered approach involving solving real-

world problems. 

● Quizzes as part of formative assessment. 

 

Evaluation Pattern: 

   

Continuous Internal 

Assessment  

Test 1 30 marks scaled down to 10 

Seminar/Presentation/Project 10 marks  

End Semester 

Examination  

ESE 80 marks  

 

Question Paper Blueprint:  

Modules Teaching 

Hours 

CLOs No. of Questions & Marks Distribution 

Part A 

No. of 

Questions 

Marks Part B 

No. of 

Questions 

Marks Part C 

No. of 

Questions 

Marks 

I 12 1 2 4 1 6 1 10 

II 12 2 4 8 1 6 1/2 05 

III 12 3 2 4 1 6 1 10 



IV 12 4 2 4 2 12 1/2 05 

V 12 5 2 4 1 6 1 10 

 Total 24  36  40 

 

Reference books/manuals  

 

1. Plummer DT. An Introduction to Practical Biochemistry. 3rd ed. New Delhi: Tata 

McGraw-Hill Education; 2005. 

2. Sawhney S, Singh R. Practical Biochemistry: Principles and Techniques. New 

Delhi: Alpha Science International Ltd; 2011. 

3. Vasudevan DM, Sreekumari S, Vaidyanathan K. Textbook of Biochemistry for 

Medical Students. 9th ed. New Delhi: Jaypee Brothers Medical Publishers; 2013. 

4. Mahadevan R, Sridharan KN. Textbook of Practical Biochemistry. 3rd ed. New 

Delhi: Universities Press; 2010. 

5. Kannan KN, Ranjitha Kumari HD, Mukhopadhyay S. Practical Manual of Clinical 

Biochemistry. 1st ed. New Delhi: Jaypee Brothers Medical Publishers; 2017. 

 

Paper- Enzymology and Clinical Diagnosis Practical 

1. Extraction and Preparation of Enzyme from Biological Sources 

Homogenization and centrifugation to obtain crude enzyme extracts from 

sources like potato, liver, or germinating seeds. 

2. Qualitative Detection of Enzymes in Different Samples 

Identification of amylase, catalase, invertase, and protease activity in various 

plant and animal tissues using substrate-specific reactions. 

3. Assay of Amylase Activity 

Quantitative assay of amylase using starch as substrate using standard maltose 

curve 

4. Determination of Optimum pH for Enzyme Activity 

Studying enzyme activity (amylase ) at different pH values to determine the pH 

optimum. 



5. Effect of Temperature on Enzyme Activity 

Measuring enzyme activity (amylase) changes with temperature variation and 

determining the temperature optimum. 

6. Enzyme Kinetics: Michaelis-Menten Constant (Km) and Vmax 

Determination of Km and Vmax for amylase enzyme by varying substrate 

concentrations and plotting velocity data 

7. Inhibition of Enzyme Activity 

Studying competitive and non-competitive inhibition using specific inhibitors, 

(eg- EDTA, garlic extract etc) 

8. Specific Activity and Enzyme Purity 

Calculation of enzyme specific activity using protein quantification methods like 

Lowry method.  

9. Partial Purification of an Enzyme by Salt Precipitation 

Using ammonium sulfate precipitation to partially purify an enzyme from crude 

extract 

10. Demonstration of venipuncture, collection of blood, handling of specimens, 

separation of serum and plasma from whole blood, use of anticoagulants.  

11. Case Study 1: Liver Function Test Profile Interpretation 

Analysis of enzyme data obtained from a patient sample to diagnose liver 

pathology. 

12. Case Study 2: Enzymatic Markers in Cardiac or Muscle Damage 

Interpretation of enzyme levels indicative of muscle or cardiac tissue injury, with 

discussion. 

 

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc Biochemistry, Microbiology, Zoology  

Course Title Intermediary Metabolism 

Nature of Course  Discipline Specific Course (DSC) 

Semester  3 

Total Hours  60 

Credits  4 



 

Objective of the Course:  

This course will provide an in-depth understanding of the key chemical reactions in 

metabolism and their roles in critical metabolic processes such as glycolysis, the TCA 

cycle, and oxidative phosphorylation. Students will also explore the principles of 

bioenergetics to understand their role in energy transfer and metabolic coupling. 

Additionally, the course will cover the regulation and pathways of metabolism while 

examining the impact of related disorders. 

 

Course Learning Outcomes:  

COURSE LEARNING OUTCOMES 

(What students will learn after completing the degree based on Bloom’s Taxonomy) 

CLO1 Understand the fundamental chemical reactions in metabolism, 

including substitution, addition, elimination, isomerization, and 

condensation, along with the principles of bioenergetics such as 

enthalpy, entropy, free energy changes, and the mechanism of 

oxidative phosphorylation. 

CLO2 Analyze the regulatory mechanisms of glycolysis, gluconeogenesis, 

TCA cycle, and alternative pathways like the HMP shunt and Cori cycle, 

including their roles in maintaining blood glucose homeostasis and 

metabolic integration. 

CLO3 Evaluate the biochemical pathways of fatty acid oxidation and 

biosynthesis, cholesterol metabolism, and associated disorders such as 

Tay-Sachs and Gaucher’s disease in terms of their metabolic and 

clinical significance. 

CLO4 Apply knowledge of amino acid catabolism and biosynthesis to explain 

the production of key nitrogenous compounds, including 

neurotransmitters and urea, and their role in disorders such as 

phenylketonuria and alkaptonuria. 

CLO5 Create schematic diagrams of purine/pyrimidine and heme 

biosynthetic and degradative pathways, integrating enzyme functions, 



regulation points, and pathological conditions such as gout, porphyria, 

and jaundice. 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 

 PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 

CLO1 ✓ ✓     

CLO2 ✓ ✓ ✓ ✓   

CLO3 ✓ ✓ ✓ ✓   

CLO4 ✓ ✓ ✓ ✓   

CLO5 ✓ ✓ ✓ ✓   

 

Course Content: 

Module                                  Content  Hours  

I Chemical reactions of metabolism and Bioenergetics: 

Homolytic and heterolytic cleavage, reactive intermediates, 

carbocations, carbanions and carbenes. Inductive, resonance 

and hyperconjugation effects. SN1 and SN2 reactions and 

factors affecting SN1 and SN2 reactions.  Elimination reactions- 

E1, E2 reactions. Illustration of substitution, addition, 

elimination, isomerization, condensation and rearrangement 

reactions with examples from metabolism. 

Basic principles: enthalpy, entropy, spontaneous and non-

spontaneous thermodynamic reaction, equilibrium constant 

and concept of free energy. High-energy compounds – PEP, 

BPG, creatine phosphate, ATP - hydrolysis, coupled reaction. 

Group transfer reactions.  

The electron transport chain (ETC): components and reactions 

of the ETC. Standard reduction potential. Mechanism of 

oxidative phosphorylation: ATP synthase complex and 

12 



Mitchell’s chemiosmotic theory. P/O ratio, uncouplers and 

inhibitors of the ETC. 

II Carbohydrate Metabolism: 

Introduction to Metabolism - Catabolism, anabolism, catabolic, 

anabolic pathways. Glycolysis and its regulation, fates of 

pyruvate, PDC complex, TCA cycle and its regulation – 

amphibolic pathway and anaplerotic reactions. Substrate level 

phosphorylation. Gluconeogenesis, Glycogenesis, 

Glycogenolysis. Regulation of blood glucose level. 

Mitochondrial transport systems: malate and 

glycerophosphate shuttles.  

The Luebering–Rapoport pathway, Cori cycle, glucose–alanine 

cycle.  

Alternative pathways: HMP shunt and uronic acid pathways. 

Entry of lactose and fructose. Lactose intolerance, 

galactosemia. 

14 

III Lipid Metabolism: 

Mobilization of fats. Activation and transport of fatty acids, β-

oxidation of fatty acids, odd and even chain fatty acids, 

regulation of fatty acid oxidation, energetics of palmitic acid 

oxidation. Peroxisomal oxidation, ω and   oxidation. Ketone 

bodies production.  

Biosynthesis of fatty acids: Acetyl-CoA carboxylase reaction, 

Fatty acid synthase complex. Regulation of fatty acid 

biosynthesis. Biosynthesis of triacylglycerols and 

phospholipids, Biosynthesis of cholesterol and its regulation. 

Disorders: Gaucher and Tay-Sachs disease.  

10 

IV Amino Acid Metabolism 

Amino acid pool. Reactions of amino acid oxidation – 

deamination, transamination, decarboxylation. Assimilation of 

ammonia. Urea cycle and its regulation.  

10 



Biosynthesis of amino acids (serine, glycine, asparagine, 

Phenylalanine and tyrosine amino acids). Disorders: 

phenylketonuria, alkaptonuria.  

Biosynthesis of biologically active amines: Spermine, 

glutathione (γ–glutamyl cycle), serotonin, and catecholamines 

– dopamine, epinephrine and epinephrine. 

V Nucleic acid and Heme Metabolism: 

Nucleic acid metabolism: Biosynthesis and degradation of 

purine and pyrimidine nucleotides and its regulation. Purine 

salvage pathway. Disorders: Lesch-Nyhan syndrome, gout and 

orotic aciduria.  

Heme metabolism: Chemistry of porphyrins, biosynthesis and 

degradation of heme. Bile pigment formation, conjugated and 

unconjugated bilirubin. Abnormalities in heme metabolism: 

metabolic consequences in sickle cell anemia, thalassemia, 

porphyria and jaundice (hemolytic, hepatic and obstructive). 

14 

 

References: 

1. Lehninger, A. L., Nelson, D. L., & Cox, M. M. (2017). Lehninger principles of 

biochemistry (7th ed.). W.H. Freeman. 

2. Rodwell, V. W., Bender, D. A., Botham, K. M., Kennelly, P. J., & Weil, P. A. (2018). 

Harper's illustrated biochemistry (31st ed.). McGraw Hill. 

3. Voet, D., Voet, J. G., & Pratt, C. W. (2012). Principles of biochemistry (4th ed.). John 

Wiley & Sons. 

4. Plummer, D. T. (2001). Introduction to practical biochemistry. Tata McGraw-Hill. 

5. Bisswanger, H. (2019). Practical enzymology (3rd ed.). John Wiley & Sons. 

6. Berg, J. M., Tymoczko, J. L., Gatto, G. J., & Stryer, L. (2019). Biochemistry (9th ed.). 

W.H. Freeman. 

 



Online Resources:  

1. Lumen Learning – Carbohydrate Metabolism Pathways: Summarizes 

glycolysis, glycogenesis, gluconeogenesis, and their integration in energy 

metabolism. 

2. Organic Chemistry – Section 29.9: Catabolism of Proteins: 

DeaminationOpenStax+1OpenStax+1: Amino Acid Metabolism: 

Transamination and Deamination - This section explains the processes of 

transamination and deamination, highlighting the role of aminotransferases and 

the coenzyme pyridoxal phosphate (PLP) in amino acid metabolism.  

3. Organic Chemistry – Section 28.1: Nucleotides and Nucleic AcidsOpenStax: 

This section covers the structure of nucleotides, including purines and 

pyrimidines, and their role in forming nucleic acids. It provides foundational 

knowledge essential for understanding nucleotide metabolism. 

4. Organic Chemistry – Chapter 28: Additional 

ProblemsOpenStax+2OpenStax+2OpenStax+2: Nucleotide Metabolism: 

Biosynthesis and Degradation - This section presents problems related to the 

biosynthesis and degradation of nucleotides, including mechanisms of purine 

and pyrimidine metabolism, offering practical applications of theoretical 

concepts. 

5. Organic Chemistry – Section 24.9: Heterocyclic AminesOpenStax: Amines 

and Their Biological Significance: This section discusses the structure and 

properties of heterocyclic amines, which are relevant to the study of biologically 

active amines such as serotonin and histamine. 

Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

• Interactive Discussions and Presentations: Engaging students through dialogue and 

student-led presentations. 

• Laboratory Sessions: Hands-on practical experience to apply theoretical knowledge. 

• Problem-Based Learning (PBL): Student-centered approach involving solving real-

world problems. 

• Quizzes as part of formative assessment. 

https://courses.lumenlearning.com/suny-nutrition/chapter/6-2-carbohydrate-metabolism-pathways/
https://openstax.org/books/organic-chemistry/pages/29-9-catabolism-of-proteins-deamination
https://openstax.org/books/organic-chemistry/pages/29-9-catabolism-of-proteins-deamination
https://openstax.org/books/organic-chemistry/pages/29-9-catabolism-of-proteins-deamination?utm_source=chatgpt.com
https://openstax.org/books/organic-chemistry/pages/28-1-nucleotides-and-nucleic-acids
https://openstax.org/books/organic-chemistry/pages/28-1-nucleotides-and-nucleic-acids?utm_source=chatgpt.com
https://openstax.org/books/organic-chemistry/pages/28-additional-problems
https://openstax.org/books/organic-chemistry/pages/28-additional-problems
https://openstax.org/books/organic-chemistry/pages/28-additional-problems?utm_source=chatgpt.com
https://openstax.org/books/organic-chemistry/pages/24-9-heterocyclic-amines
https://openstax.org/books/organic-chemistry/pages/24-9-heterocyclic-amines?utm_source=chatgpt.com


Evaluation Pattern: 

   

Continuous Internal 
Assessment  

Test 1 30 marks scaled down to 10 
Seminar/Presentation/Project 10 marks  

Semester End 
Examination  

SEE  80 marks  

 

Question Paper Blueprint:  

Modules Teaching 
Hours 

CLOs No. of Questions & Marks Distribution 

Part A 
No. of 

Questions 

Marks Part B 
No. of 

Questions 

Marks Part C 
No. of 

Questions 

Marks 

I 12 1 2 04 1 06 1 10 

II 14 2 4 08 1 06 1 10 

III 10 3 1 02 1 06 1 10 

IV 10 4 1 02 1 06 1 10 

V 14 5 4 08 2 12 - - 

 

Metabolism practical 

1. Determination of ash content and moisture content. 

2. Determination of lipid content in food samples. 

3. Determination of peroxide values of lipids 

4. Separation and estimation of casein from milk  

5. Qualitative testing of adulterants in food samples- milk, honey, turmeric powder, 

chilli powder. 

6. Qualitative analysis of urine. 

7. Estimation of uric acid in urine by Caraway’s method. 

8. Separation of serum and plasma from blood. 

9. Estimation of blood urea by Diacetyl monoxime method. 

10. Estimation of inorganic phosphate by Fiske-Subbarao method 

11. Estimation of haemoglobin in blood by Wong’s method. 

 

 



SYLLABUS BLUEPRINT 

Program Title  B.Sc. Biochemistry, Microbiology, Zoology 

Course Title Toxicology 

Nature of Course  Discipline Specific Elective (DSE) 

Semester  3 

Total Hours  30 

Credits  2 

 

Objective of the Course:  

This course introduces the fundamental principles of toxicology, including its branches, 

dose-response relationships, and the ADME processes of toxicants. It explores target 

organ toxicity, biochemical mechanisms of cellular damage, and genetic toxicology 

involving mutagenesis, carcinogenesis, and teratogenesis. The course also covers applied 

toxicology, focusing on food additives, metal toxicity, cosmetic products, and common 

toxicants affecting animals. 

 

Course Learning Outcomes:  

COURSE LEARNING OUTCOMES 

(What students will learn after completing the degree based on Bloom’s Taxonomy) 

CLO1 Understand the fundamental concepts, terminology, and branches of 

toxicology, including routes of exposure and principles of toxicant 

disposition within biological systems. 

CLO2 Analyze the biochemical mechanisms underlying toxicity, including 

oxidative stress, DNA and protein damage, and the pathophysiology of 

toxicant-induced cellular injury. 

CLO3 Evaluate the effects and risks of various toxic substances such as food 

additives, animal and plant toxins, heavy metals, and cosmetic 

products, using toxicological case studies and regulatory frameworks. 



CLO4 Apply toxicological testing methods, including bioassays and dose-

response assessments, to interpret experimental data and determine 

the safety of substances. 

CLO5 Understand toxicological risk assessments or safety guidelines by 

integrating knowledge of toxicant mechanisms, exposure routes, and 

health outcomes to address real-world public health concerns. 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 

CLO1 ✓ ✓ ✓    

CLO2 ✓ ✓ ✓    

CLO3 ✓ ✓ ✓    

CLO4 ✓ ✓ ✓  ✓ ✓ 

CLO5   ✓  ✓ ✓ 

 

Course Content: 

Module                                  Content  Hours  

I General principles of Toxicology: 

Different branches of toxicology, dose descriptors, dose-

response curves. Factors affecting toxicity. Interactive effects of 

toxicants. 

Disposition of toxicants – ADME – Absorption through gastro-

intestinal tract, lungs, skin. 

Distribution–apparent volume of distribution, plasma- and 

tissue-protein binding, storage in tissues, blood-brain barrier. 

Metabolism - Phase I and II reactions. Excretion – renal and 

non-renal routes. Antidotal therapy. 

8 

II Target organ toxicity:  6 



Cutaneous toxicology - skin as a barrier, dermatitis, acne, 

urticaria. 

Pulmonary toxicity - pulmonotoxic agents, acute and chronic 

responses of lungs to injury. 

Hepatic toxicology - factors in liver injury, mechanism of liver 

injury. 

Cardiotoxicity - cardiac contraction, mechanisms of 

cardiotoxicity. 

III Biochemical basis of toxicity: 

Oxidative stress - Definition of oxidative stress, oxidative stress 

resulting in protein damage, DNA damage, and lipid damage. 

Disturbances in calcium homeostasis - alterations in 

intracellular calcium distribution and its toxicological 

consequences. 

Disruption of cellular energy production - Mitochondrial 

targets, inhibition of electron 

transport chain, change in mitochondrial membrane 

permeability. 

6 

IV Genetic toxicology:  

Chemical mutagenesis. Nature, mechanism and biological 

features of chemical carcinogenesis, carcinogens. 

Teratogenesis: Teratogens and their mechanism of action. 

Ames test for determining mutagenesis. 

5 

V Applied toxicology: 

Food toxicology - toxicology of food additives. Animal and plant 

toxins. 

Metal toxicity - arsenic, mercury, lead and cadmium. 

Environmental factors affecting metal toxicity. 

Veterinary toxicology- Common toxicity by herbicides, 

household chemicals, heavy metals, mycotoxins, blue-green 

algae and toxic plants. 

5 



Cosmetic toxicology- Toxicity of shampoos, conditioners, 

bleachers, dyes, allergic and respiratory disorders. 

 

References: 

1. Industrial Toxicology by Williams P L &amp; Burson J L (1985) Van- Nostrand 

Reinhold, New York. 

2. Principles and methods of toxicology by Hayes A W (1988), II edition, Raven press, 

New York. 

3. Toxicology by Stewart C P &amp; Stolman A (1960), vol I, Academic press, New 

York. 

4. General and applied toxicology by Marrs and Turner (1995), Macmillan Press Ltd. 

5. Basic environmental toxicology by Lorris G. Corkerhem and Barbara SS (1994), 

CRP Press Inc. 

1. Molecular biotechnology by Barnard R Glick &amp; JJ Pasternak (1994) 2 nd Ed, 

ASM Press 

6. Introduction to Biochemical Toxicology, 3rd Edn., Ernest Hodgson, Robert C. 

Smart; Wiley Interscience; 2001. 

7. Principles of Biochemical Toxicology, John A. Timbrell, 4th Edn. 2009, Taylor and 

Francis 

 

Online Resources:  

1. Pharmacology – Section 2.2: Pharmacokinetics and Pharmacodynamics:  General 

Principles of Toxicology - This section introduces the foundational concepts of 

pharmacokinetics and pharmacodynamics, discussing how drugs interact with the 

body and their potential toxic effects. It also covers dose-response relationships, 

including descriptors like ED50 and LD50. 

 

Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

https://openstax.org/books/pharmacology/pages/2-2-pharmacokinetics-and-pharmacodynamics


• Interactive Discussions and Presentations: Engaging students through dialogue 

and student-led presentations. 

• Quizzes as part of formative assessment. 

• Case studies 

Evaluation Pattern: 

   

Continuous Internal 
Assessment  

Test 1 05 marks  
Seminar/Presentation/Project 05 marks  

Semester End 
Examination  

SEE  40 marks  

 

Question Paper Blueprint:  

Modules Teaching 
Hours 

CLOs No. of Questions & Marks Distribution 

Part A 
No. of 

Questions 

Marks Part B 
No. of 

Questions 

Marks Part C 
No. of 

Questions 

Marks 

I 8 1 2 4 1 6 1 10 

II 6 2 2 4 - - 1 10 

III 6 3 2 4 1 6 - - 

IV 5 4 1 2 1 6 - - 

V 5 5 - - 1 6 - - 

 

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc. Biochemistry, Microbiology, Zoology 

Course Title Analytical Biochemistry 

Nature of Course  Discipline Specific Course (DSC) 

Semester  4 

Total Hours  60 

Credits  4 

 

Objective of the Course:  



The course aims to develop technical expertise and familiarize with the basic tools and 

techniques of biochemical studies. Allows students to isolate, analyse and characterise 

Biomolecules. 

 

Course Learning Outcomes:  

COURSE LEARNING OUTCOMES 

(What students will learn after completing the degree based on Bloom’s Taxonomy) 

CLO1 Understand the concepts related to biochemical investigations 

involving cell disruption and extraction methods and operating 

principles behind various separation methods. 

CLO2 Understand the principle, instrumentation and applications of 

centrifugation. 

CLO3 Analyse the types and principles of chromatography and their 

application. 

CLO4 Evaluate the concept of biochemical analysis and characterization of 

biomolecules using electrophoretic techniques. 

CLO5 Apply and demonstrate a working knowledge of spectrophotometric 

and its application in industry. 

CLO6 Understand the technical and practical application of radioisotope 

labelling processes in biological system. 

  

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 

CLO1     ✓ ✓ 

CLO2     ✓ ✓ 

CLO3     ✓ ✓ 

CLO4     ✓ ✓ 

CLO5     ✓ ✓ 

CLO6     ✓ ✓ 

 



Course Content: 

Module                                  Content  Hours  

I Overview of Biochemical Investigations:  

Outline of strategies in biochemical investigations employing 

whole animal studies, isolated organs, tissues, and cell cultures. 

Cell disruption methods- physical, chemical and biological. 

Extraction methods- Distillation, liquid-liquid extraction, 

absorption, adsorption, precipitation; crystallization. Principle 

and application of Ultra-filtration and Dialysis. 

Microfluidics in biochemical investigations. 

10 

II Centrifugation:  

Principle of centrifugation, the Swedberg equation, 

sedimentation velocity and sedimentation equilibrium, types of 

centrifuges and rotors. Density gradient centrifugation- 

Caesium chloride and sucrose density gradients; examples of 

separations, Differential centrifugation, sub-cellular 

fractionation. Principle and working of analytical 

ultracentrifuge. Application of centrifugation in clinical 

diagnostics. 

10 

III Chromatography:  

Principles of adsorption and partition equilibrium; principle 

and application of Gel filtration chromatography, ion exchange 

chromatography, paper chromatography, thin layer 

chromatography and affinity chromatographic techniques; Gas 

Liquid chromatography, High Performance Liquid 

Chromatography. Application of chromatography in 

pharmaceutical quality control. 

10 

IV Electrophoresis:  

Historical developments, principle and application of moving 

boundary electrophoresis, cellulose acetate electrophoresis, 

agarose gel electrophoresis, Native PAGE, activity staining 

10 



for enzymes, zymogram, blue Native gel electrophoresis, SDS-

PAGE, isoelectrofocusing, 2D gel electrophoresis. 

Electrophoretic techniques in forensic science and DNA 

fingerprinting. 

V Spectroscopic techniques:  

Wave particle duality of light, electromagnetic spectrum, 

transition in spectroscopy. Principle, instrumentation and 

applications of colorimetry and UV-Vis spectrophotometry; 

Principle and application of fluorescence spectroscopy, Atomic 

absorption and emission spectroscopy. 

Mass spectroscopy- principle of ionization. Surface Plasmon 

Resonance (SPR) – principle and application. 

10  

VI Radiotechniques: 

Radioisotopic methods of analysis: Atomic stability and 

radiation, types of decay, rate of radioactive decay, half-life, 

units of radioactivity. Detection and measurement of 

radioactivity, Design and applications of Geiger-Muller 

Counter, and types of scintillation counters, Autoradiography. 

Use of radioisotopes in medical imaging. Radioimmunoassay. 

10 

 

References: 

1. Analytical techniques in Biochemistry and Molecular Biology; Katoch, Rajan. 

Springer (2011) 

2. Basic Methods for the Biochemical Lab; Martin Holtzhauer, Springer, (2007). 

3. Wilson and Walker’s Principles and Techniques of Biochemistry and Molecular 

Biology 8th Edn. Andreas Hoffman and Samuel Clockie, Ed., Cambridge University 

Press, (2018). 

4. Biochemistry LabFax, Ed. J.A.A. Chambers and D. Rickwood,, Blackwell Science, 

(1993) 

5. Biochemical Techniques 87th Edn., John F. Roby,&amp; Bernard J White Waveland 

Press Inc. (1987). 



6. Laboratory Techniques in Biochemistry and Molecular Biology, Work and Work 

Vol. I and II, North Holland, (1969). 

 

Online Resources:  

2. Chromatography 1 - College of Arts & Sciences: This comprehensive PDF 

provides an overview of chromatography principles, types (e.g., paper, thin-

layer, column), and applications in chemical analysis. 

3. Centrifugation – University of Texas at Austin: This resource explains the 

theoretical concepts of particle movement under centrifugal force, detailing 

various centrifugation techniques. 

4. Electrophoresis – University of Vermont: An in-depth look at protein 

electrophoresis methods, including SDS-PAGE and native gels, with explanations 

of their principles and applications. 

5. 19.5 Uses of Radioisotopes – Chemistry Fundamentals: Discusses the uses of 

radioisotopes in tracking biochemical reactions and understanding substance 

distribution within organisms. 

6. UV-Visible Spectroscopy - MSU Chemistry: Detailed explanation of UV-Visible 

spectroscopy, including absorption spectra and the relationship between 

conjugation and color in compounds. 

 

Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

• Interactive Discussions and Presentations: Engaging students through dialogue 

and student-led presentations. 

• Laboratory Sessions: Hands-on practical experience to apply theoretical 

knowledge. 

• Problem-Based Learning (PBL): Student-centered approach involving solving 

real-world problems. 

• Open book assessment 

 

https://arts-sciences.und.edu/academics/chemistry/kubatova-research-group/_files/docs/chromatography_new.pdf
https://hackert.cm.utexas.edu/courses/ch370/fall2011/Centrif/centrifugation.htm
https://comis.med.uvm.edu/vic/coursefiles/MD540/MD540-Protein_Methods_Learning_Module_10400_593281210/Protein-methods/Protein_Methods6.html
https://pressbooks.online.ucf.edu/chemistryfundamentals/chapter/uses-of-radioisotopes-2/
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/spectrpy/uv-vis/spectrum.htm


Evaluation Pattern: 

   

Continuous Internal 
Assessment  

Test 1 30 marks scaled down to 10 
Seminar/Presentation/Project 10 marks  

Semester End 
Examination  

SEE  80 marks  

Question Paper Blueprint:  

Modules Teaching 
Hours 

CLOs No. of Questions & Marks Distribution 

Part A 
No. of 

Questions 

Marks Part B 
No. of 

Questions 

Marks Part C 
No. of 

Questions 

Marks 

I 10 1 2 04 2 12 - - 

II 10 2 2 04 2 12 - - 

III 10 3 1 02 1 06 1 10 

IV 10 4 1 02 1 06 1 10 

V 10 5 3 06 - - 1 10 

VI 10 6 3 06 - - 1 10 

 

Analytical Biochemistry Practical 

1. pH metric titration – Strong Acid vs Strong base 

2. Determination of pKa of amino acid (glycine) 

3. Determination of λmax and molar extinction coefficient of riboflavin. 

4. Determination of purity of nucleic acids by spectrophotometry. 

5. Separation of nucleic acids by agarose gel electrophoresis. 

6. Paper chromatography of amino acid by circular method 

7. Thin layer chromatography of carbohydrates / amino acids. 

8. Adsorption column chromatography of plant pigments 

9. Separation of proteins by SDS–PAGE 

10. Separation of cellular organelles by differential centrifugation 

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc. Biochemistry, Microbiology, Zoology 



Course Title Forensic Science 

Nature of Course  Discipline Specific Elective (DSE) 

Semester  4 

Total Hours  30 

Credits  2 

Course Learning Outcomes:  

COURSE LEARNING OUTCOMES 

(What students will learn after completing the degree based on Bloom’s Taxonomy) 

CLO1 Explain the scope and significance of forensic science in legal and 

criminal investigations. 

CLO2 Identify and analyze various types of biological evidence using 

biochemical techniques. 

CLO3 Demonstrate understanding of forensic toxicology and biochemical 

testing for poisons and drugs. 

CLO4 Describe methods used for DNA fingerprinting and protein-based 

forensic identification. 

CLO5 Apply ethical and legal knowledge in the collection, preservation, and 

interpretation of forensic evidence. 

  

Course Content: 

Module                                  Content  Hours  

I Introduction to Forensic Science: 

Definition, history, and development of forensic science. 

Branches and scope of forensic science. Role of forensic 

scientists and forensic laboratories. Locard’s exchange 

principle and its applications. Crime scene investigation: types 

of crime scenes, securing and documenting a scene, 

photography, sketching, and note-taking. Methods of collection, 

labeling, and preservation of physical and biological evidence. 

Chain of custody and evidence integrity. Reconstruction and re-

6 



enactment of crime scenes for establishing the sequence of 

events. 

II Biological Evidence and Biochemical Analysis:  

Types of biological evidence: blood, saliva, semen, hair, bone, 

and tissues. Presumptive and confirmatory tests for blood and 

body fluids—Benzidine, Kastle-Meyer, and Luminol tests for 

blood; Acid phosphatase and PSA test for semen; Phadebas test 

for saliva. Blood grouping and polymorphic protein analysis. 

Microscopic examination of hair and fibers for species 

identification. Iimmunological techniques for detection of 

biological materials. Interpretation of blood spatter and 

pattern analysis. 

6 

III Forensic Toxicology: 

Definition and scope of forensic toxicology. Classification and 

routes of exposure of poisons. Common toxic substances and 

their biochemical mechanisms—cyanide, arsenic, mercury, 

organophosphates, and alcohol. Deliberate and accidental 

poisoning: symptoms and post-mortem findings. Drug 

metabolism and methods of detection. Analytical techniques 

for toxin identification including chromatography and 

spectrophotometry. Interpretation of toxicological results and 

their medico-legal implications. 

6 

IV Time of Death Analysis and DNA Profiling: 

Estimation of time of death based on early and late post-

mortem changes: rigor mortis, livor mortis, algor mortis, and 

putrefaction. Role of forensic entomology in estimating post-

mortem interval. Analysis of skeletal and dental remains for age 

and identification. Principles and methods of DNA 

fingerprinting: sample collection, extraction, and quantification 

of DNA. Polymerase Chain Reaction (PCR) and Short Tandem 

Repeat (STR) analysis. Basics of Restriction Fragment Length 

7 



Polymorphism (RFLP). Applications of DNA profiling in 

paternity disputes and criminal identification. 

V Legal, Ethical, and Emerging Aspects in Forensic Science: 

Admissibility of forensic evidence in court and legal provisions 

under the Indian Evidence Act (Section 45). Procedures for 

presenting forensic expert testimony in judicial proceedings. 

Ethical responsibilities of forensic practitioners in evidence 

handling and reporting. Emerging trends in forensic science 

including digital forensics, forensic proteomics, and 

metabolomics. Case studies highlighting the integration of 

biochemical analysis in forensic investigations.  

5  

 

References  

1. Sharma, B.R. (2019). Forensic Science in Criminal Investigation and Trials. 

Universal Law Publishing.  

2. Saferstein, R. (2017). Criminalistics: An Introduction to Forensic Science. Pearson.  

3. Noggle, T.H., & Tirpak, A.J. (2015). Forensic Biochemistry. Jones & Bartlett 

Learning.  

4. James, S.H., & Nordby, J.J. (2009). Forensic Science: An Introduction to Scientific and 

Investigative Techniques. CRC Press.  

5. Houck, M.M., & Siegel, J.A. (2010). Fundamentals of Forensic Science. Elsevier 
Academic Press.  

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc Biochemistry, Microbiology, Zoology  

Course Title Membrane Biology 

Nature of Course  Discipline specific course 

Semester  5 

Total Hours  60 

Credits  4 

 

Objective of the Course:  



The objective of the course is to provide students with the basic understanding of 

membrane composition, structure-function relationship and properties of membranes. 

The course will also provide an understanding of the various types of membrane 

transporters and their molecular mechanisms. This course also provides understanding 

of molecular mechanisms involved in vesicular transport processes and membrane 

fusion. 

Course Learning Outcomes:  

COURSE LEARNING OUTCOMES 

(What students will learn after completing the degree based on Bloom’s Taxonomy) 

CLO1 Understanding of fundamental of Prokaryotic and Eukaryotic 

membrane, general composition and structure of bio membranes. They 

would study various membrane model systems and their application. 

Learn about lipid shapes and Polymorphic Lipid-Water Systems. 

CLO2 Analysing membrane dynamics and various techniques used to study 

membrane dynamics. 

CLO3 Evaluate the biochemical pathways of the various types of membrane 

transport mechanisms. Disease related to membrane transport.  

Molecular mechanisms of vesicular transport and membrane fusion. 

Trafficking pathway to understand cargo transport 

CLO4 Apply knowledge about Signal transport, types of receptors and 

different types of signal transduction pathways. 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 

CLO1 ✓  ✓   

CLO2 ✓ ✓ ✓   

CLO3 ✓  ✓  ✓ 

CLO4 ✓ ✓ ✓  ✓ 

CLO5 ✓  ✓ ✓  

 



Course Content: 

Module                                  Content  Hours  

I Membrane composition and structure 

Composition of membranes: Lipids -Phospholipids, glycolipids, 

sterols; Proteins - Peripheral Proteins, Integral Membrane 

Proteins and Lipid-Anchored proteins, and carbohydrates. 

Fluid mosaic model with experimental proof. Overview of 

membrane functions. Comparison of the composition of various 

cellular and subcellular membranes. Lateral and transverse 

asymmetry in membranes. Role of Flippase, Floppase and 

Scramblase. Model systems to study membranes - Lipid 

Monolayers, Planar Bilayer and Liposome, and their 

application. Polymorphic Lipid-Water Systems. The various 

determinants of polymorphic phases: CMC, lipid shape, critical 

packing parameter.  

15 

II Membrane dynamics 

Membrane fluidity: lateral, transverse and rotational motion of 

lipids and proteins. Factors affecting membrane fluidity- 

composition, barriers (tight junctions), cytoskeleton 

interactions, microdomains – rafts, caveolae. Fence and gate 

model. Study of RBC membrane architecture. Homeoviscous 

Adaptation. Techniques to study membrane dynamics: Freeze 

fracture technique, Fluorescence Recovery After 

Photobleaching (FRAP), Trinitrobenzenesulfonic acid Labeling 

(TNBS), Single Particle Tracking (SPT).  

15 

III Membrane and Vesicular transport 

Thermodynamics of transport; Nernst equation and Hodgkins-

Huxley model. Simple diffusion and facilitated diffusion. 

Passive transport glucose transporter and anion transporter. 

Primary active transporters- P-type ATPases, V-type ATPases, 

F-type ATPases. Secondary active transporters - lactose 

permease, Na+ - glucose symporter. ABC family of transporters 

15 



– MDR and CFTR. Group translocation and bacteriorhodopsin. 

Ion channels: voltage-gated ion channels (Na+ and K+ channel) 

and ligand-gated ion channels (acetylcholine receptor), and 

aquaporins. Ionophores: valinomycin, gramicidin. Relationship 

of membrane transport and diseases.  

Vesicular transport; Vesicles, Clathrin-Coated Vesicles and 

COP-Coated Vesicles (COPI and COPII). Molecular Mechanism 

of Vesicular Transport. Membrane Fusion (dynamin protein, 

Rab proteins, NSF/ SNAP complex, SNARE proteins). Receptor 

Mediated Endocytosis: LDL, Transferrin.  

IV Signal Transduction: 

Introduction and organization of signal transduction, 

amplification. Signal transduction pathways; Types of 

receptors; transmembrane, cytosolic and nuclear receptors. 

Pathway: 1) G-protein linked [epinephrine]; Second 

messengers; cAMP, phosphoinositide’s, DAG and Ca2+.  

Transcriptional activation by phosphorylation cascade; CREB 

2) Ion –channel [ACh], 3) Tyrosine kinase (RTK) [insulin]; 

MAPK-Ras-Raf-Sos and 4) Intrinsic enzyme/cytokine [GF] 

receptors; JAK -STAT pathway.  

Nuclear signalling: Steroid hormone as an example.  

15 

 

Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the 

teacher. 

• Interactive Discussions and Presentations: Engaging students through 

dialogue and student-led presentations. 

• Problem-Based Learning (PBL): Student-centered approach involving solving 

real-world problems, case studies.  

• Quizzes as part of formative assessment. 

 

Evaluation Pattern: 

Test 1 30 marks scaled down to 10 



Continuous Internal 

Assessment  

Seminar/Presentation/Project 10 marks  

End Semester 

Examination  

ESE 80 marks  

 

Question Paper Blueprint:  

Modules Teaching 

Hours 

CLOs No. of Questions & Marks Distribution 

Part A 

No. of 

Questions 

Marks Part B 

No. of 

Questions 

Marks Part C 

No. of 

Questions 

Marks 

I 15 1 4 8 2 12   

II 15 2 3 6 1 6 1 10  

III 15 3 3 6 1 6 1 10  

IV 15 4 2 4 1 6 1 10  

 Total 24  36  40 

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc Biochemistry, Microbiology, Zoology  

Course Title Nutritional Biochemistry and Functional Foods 

Nature of Course  Discipline Specific Course (DSC) 

Semester  6 

Total Hours  60 

Credits  4 

 

Objective of the Course:  This course provides students with knowledge and 

understanding of the characteristics, function, metabolism and deficiency of macro and 

micronutrients in human health and disease. It also introduces the students with the 

fundamentals of functional foods and nutraceuticals.  

 

COURSE LEARNING OUTCOMES 



CLO1 Will be able to explain the principles of nutrition, energy balance, and 

anthropometric indices, and apply them to assess dietary requirements 

and manage common nutrition-related disorders. 

CL02 Describe the sources, functions, and metabolic roles of carbohydrates, 

lipids, and proteins, and evaluate their quality and dietary implications in 

health and disease. 

CLO3 Outline the biochemical functions, dietary sources, and deficiency-toxicity 

profiles of major vitamins and minerals and interpret their roles in clinical 

nutrition. 

CLO4 Define functional foods and nutraceuticals, classify them by source and 

mechanism, and discuss their relevance in the prevention and 

management of chronic diseases. 

CLO5 Classify major phytochemicals and antioxidants, explain their modes of 

action against oxidative stress, and correlate their roles in age-related 

diseases and chronic conditions. 

CLO6 Distinguish between probiotics and prebiotics, evaluate their health 

benefits in gut and systemic health, and discuss current advances and 

regulatory issues in their application 

 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PL06 

CLO1 ✓  ✓ ✓ ✓  

CLO2 ✓  ✓ ✓ ✓  

CLO3 ✓  ✓ ✓ ✓  

CLO4 ✓  ✓ ✓ ✓  

CLO5 ✓ ✓ ✓ ✓ ✓  

 

Course Content: 



Module 

/Unit 

                                Content  Teaching 

Hours  

I 

 

Introduction to Nutrition and Energy balance 

Definition of nutrition, role of nutrients. Unit of energy, Food 

energy, Energy balance, Recommended Nutrient Intakes (RNI) 

and Recommended Dietary Allowances (RDA) for different age 

groups.  

Measurement of Calories by bomb calorimeter. Basal metabolic 

rate (BMR) - definition, determination of BMR and factors 

affecting BMR. Respiratory quotient (RQ) of nutrients and 

factors affecting the RQ. SDA - definition and determination - 

Anthropometric measurement and indices – height, weight, 

chest and waist circumference, BMI. 

Concept of balanced diet, ICMR classification of five food groups 

and its significance. Signs of obesity (types, prevention and 

treatment). 

Dietary management with reference to hypertension, diabetes 

mellitus, post-surgical nutrition. Outline of enteral nutrition 

and parenteral nutrition. 

10 

II 

 

Macronutrients 

Food sources of carbohydrates, functions of carbohydrates, 

Factors affecting bioavailability, Glycemic index and glycemic 

load.  

Essential Fatty Acids - functions, excess and deficiency, factors 

affecting bioavailability. Dietary implications of ratios of n6 and 

n3, MUFA, PUFA and SFA, Cholesterol in the body.  

Functions of proteins in the body. Essential and nonessential 

amino acids. Complete and incomplete protein, amino Acid 

interactions: antagonism, toxicity, imbalance, amino acid 

complementation and supplementation in foods. Protein 

quality determinants - NPU, Biological Value, PDCAAS, Nitrogen 

balance. PEM: Marasmus and Kwashiorkor. 

10 



III Micronutrients 

Vitamins: Fat soluble vitamins: A, D, E, K and dietary sources. 

Role of Vitamin A in visual cycle and overview of other 

functions. Role of Vitamin K in gamma-carboxylation (blood 

clotting). Role of Vitamin E as an antioxidant. Role of vitamin D 

in maintenance of bone physiology and overview of other 

functions. Water soluble vitamins: Vitamin C- Dietary sources, 

role in collagen synthesis. The B Complex vitamins- Dietary 

sources. Functions and role in metabolism, role of vitamin B12 

in neuropathies and folate in haematopoiesis. 

Hypervitaminosis. 

Minerals: Sodium, potassium, calcium, iron, chloride, copper 

and phosphorus - Dietary sources, function, metabolism, 

excretion, deficiency, toxicity. Trace Elements - iodine, fluoride, 

magnesium, zinc, selenium, chromium, molybdenum – dietary 

sources, function, metabolism, deficiency, toxicity. 

10 

IV Phytochemicals and antioxidants 

Definition, mode of action. Classification of phytochemicals: 

I. Terpenoids, 

II. Carotenoids -carotene, lycopene 

III. Polyphenols - Non-Flavonoid polyphenols, flavonoids - 

flavanols, flavones, flavanones. 

Anthocyanidins, phytoestrogens (isoflavonones), other 

polyphenols: curcumin, tannins, lignan and resveratrol. 

IV. Sulphur containing compounds: sulphides and 

glucosinolates. Antinutrients and their significance.  

Antioxidants: Definition. Formation of free radicals, Reactive 

Oxygen Species and oxidative Stress. Reductive stress. 

Mechanism of action of antioxidants. Barker’s hypothesis.  

Role of Retinol, β –carotene, ascorbic acid and tocopherol in 

prevention of cancer, CVD, ageing and inflammation. 

10 

V Functional foods and Nutraceuticals  10 



Evolution and definition of functional foods. Types of 

foods categorized as functional foods. Health benefits of 

functional foods. 

Nutraceuticals-Definition, history, sources. Classification of 

nutraceuticals based on chemical nature and mechanism of 

action. Phytochemicals as nutraceuticals – isoprenoids, 

polyphenolics, glucocyanovates, phytosterols, dietary fiber 

Animal products and microbes (prebiotics and probiotics) as 

nutraceuticals. Role in gut-brain axis. Significance and 

relevance of nutraceuticals in the management of disease and 

disorders – CVD, cancer, diabetes, obesity, osteoarthritis, 

immune enhancement, endurance, performance and mood 

disorders. 

VI Probiotics and Prebiotics 

Probiotics – definition, types, health benefits of probiotics in 

gastrointestinal health, cancer, and other diseases. Recent 

advances in probiotics – Lactobacillus casei, L. casei strain 

shirota, Challenges and regulatory issues related to probiotics. 

Prebiotics –definition, types, health benefits of prebiotics, 

Recent advances in prebiotics – galactooligosaccharides, (GOS), 

functional disaccharides, (lactulose, lactitol and lactose), 

Resistant starch (RS). Prebiotic ingredients in foods. 

10 
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Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

• Interactive Discussions and Presentations: Engaging students through dialogue and 

student-led presentations. 

• Problem-Based Learning (PBL): Student-centered approach involving solving real-

world problems, case studies.  

• Quizzes as part of formative assessment. 

Evaluation Pattern: 

   

Continuous Internal 

Assessment  

Test 1 30 marks scaled down to 10 

Seminar/Presentation/Project 10 marks  

End Semester 

Examination  

ESE 80 marks  

 

Question Paper Blueprint:  

Modules Teaching 

Hours 

CLOs No. of Questions & Marks Distribution 

Part A 

No. of 

Questions 

Marks Part B 

No. of 

Questions 

Marks Part C 

No. of 

Questions 

Marks 



I 10 1 2 4 1 6 1/2 05 

II 10 2 2 4 1 6 1/2 05 

III 10 3 2 4 1 6 1 10 

IV 10 4 2 4 1 6 1/2 05 

V 10 5 2 4 1 6 1 10 

VI 10 6 2 4 1 6 1/2 05 

 Total 24  36  40 

 

 

 

Nutritional Biochemistry and Functional Foods Practical 

1. Anthropometric measurements (height, weight, waist-hip ratio, BMI) 

and determination of BMR using standard equations. 

2. Determination of calorific value of food samples.  

3. Estimation of phosphorous in food samples by titration. 

4. Colorimetric estimation of iron in green leafy vegetables and fortified 

foods  

5. Determination of crude fiber in food samples. 

6. Determination of total phenol content in food samples using gallic 

acid as standard. 

7. Study of effect of food processing on total phenolic content in food 

samples.  

8. Quantification of flavonoids in plant samples by AlCl3 method 

9. Determination of antioxidant potential by DPPH assay 

10. Preparation of a prebiotic drink using Lactobacillus cultures 

and analysis 

11. Preparation of kombucha using starter culture and 

organoleptic evaluation of the product.  



 

 

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc. Biochemistry, Microbiology, Zoology  

Course Title Drug Designing and Clinical Research  

Nature of Course  Discipline Specific Course (DSC) 

Semester  6 

Total Hours  60 

Credits  4 

 

 

 

Objective of the Course:   

COURSE LEARNING OUTCOMES 

CLO1 Introduce the concepts of clinical research 

CL02 Explain the structural organization of clinical research organization and 

the guidelines 

CLO3 Understanding the concepts of pharmacology and the clinical practices 

CLO4 Apply the knowledge of drug structure, designing and interaction 

studies with the targets  

 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PL06 

CLO1 ✓  ✓ ✓ ✓  

CLO2 ✓  ✓ ✓ ✓  



CLO3 ✓  ✓ ✓ ✓  

CLO4 ✓  ✓ ✓ ✓  

 

Course Content: 

Module 

/Unit 

                                Content  Teaching 

Hours  

I 

 

Basic pharmacology: General concepts of pharmacology, drug 

categories, drug nomenclature, subdivisions of pharmacology, 

sources of information about drugs.  

Pharmacokinetics: Definition and ADME concept.  

Absorption: Types of absorption. Factors affecting absorption. Routes 

of administration. Bioavailability, first-pass metabolism and 

enterohepatic circulation. 

Distribution: Apparent volume of distribution – definition and clinical 

significance. Factors affecting distribution. Special Barriers - Blood-

brain barrier and placental barrier. 

Metabolism: Purpose of metabolism. Phase I - Oxidation, reduction, 

hydrolysis. Phase II – Glucuronidation, acetylation, methylation, 

sulfation, glutathione conjugation.   

Excretion: Overview of excretion. Renal Excretion - glomerular 

filtration, tubular secretion and tubular reabsorption. Non-Renal 

Excretion – Biliary, pulmonary, saliva, milk and sweat. Factors 

affecting excretion.  

Pharmacodynamics: Dose-response relationship - graded and 

quantal response curve. Definition and clinical significance - EC50, 

Emax, Potency vs efficacy, therapeutic index (TI). Factors affecting 

drug response. Drug interactions. Adverse drug reactions: Type A and 

Type B. Therapeutic drug monitoring. Drug tolerance, drug 

intolerance, drug allergy, and tachyphylaxis. 

15 

II 

 

Drug designing and Molecular docking: Nature and sources 

of drugs. Use of cheminformatics, Basic considerations of drug 

15 



design, de novo drug design. Selected physiochemical 

properties like isosterism, steric behaviour, ionization, 

hydrogen bonding, chelation, oxidation- reduction potential, 

surface actions. Prodrug and soft drugs concepts. 

Understanding Molecular Targets: Identification of potential 

drug targets, such as specific proteins, enzymes, or receptors. 

Validation of the biological relevance of these targets in the 

context of a particular disease. Hit discovery and lead 

optimization: Screening methods to identify initial compounds 

High-throughput Screening (HTS) Techniques. Molecular 

modelling using computer. 

III Origin of Clinical Research: Thalidomide tragedy, 

Sulphanilamide disaster, WMA Declaration of Helsinki- Ethical 

Principles for Medical Research Involving Human Subjects, The 

Belmont Report. 

Preclinical testing and clinical trial with specific examples. 

Institution Ethics Committee / Independent Ethics Committee. 

Data Management in clinical Research 

Drug Discovery: Drug design-Ligand based, Structure based, 

Active site identification, Structure Activity Relationship (SAR), 

Computer assisted drug designing (CADD)- concepts and 

principles and applications. Small molecule databases: 

Pubchem, ChEMBL, Drugbank and NIST, Protein structural 

databases: PDB and MMDB. Lipinski rule of five, ADMET 

prediction. 

15 

IV Clinical/Contract Research Organizations (CRO): New drug 

discovery process- purpose, main steps involved in new drug 

discovery process, timelines of each step. Advantages, purposes 

and safety monitoring in clinical trials.  

Fundamental operations of CRO, Role and responsibilities of 

CRO, Organogram of CRO, basic documentation in CRO. 

15 



Introduction to regulatory agencies- ICMR, DGCI, CIB, NBA, 

GEAC, FSSAI, CDSCO, ISO. 

Good Clinical Practices (GCP): Overview of International 

Conference on Harmonization guidelines for registration of 

pharmaceuticals for human use. The Nuremberg Code, 

Principles of ICH-GCP. 

 

Reference Books 

1. Rang & Dale's Pharmacology, 7th Edition. By Humphrey P. Rang, Maureen M. Dale,   

James M. Ritter, Rod J. Flower, and Graeme Henderson. Publisher: Elsevier.  

2. Basic and Clinical Pharmacology, 12th Edition. By Bertram G. Katzung, Susan B. 

Masters, Anthony J. Trevor. Publisher: Lange.  

3. Goodman and Gilman's The Pharmacological Basis of Therapeutics. 12th Edition. 

Laurence Brunton, Bruce Chabner, Bjorn Knollman. Publisher: Mc Graw Hill. 

4. Essentials of Medical Pharmacology, 7th edition. By K D Tripathi. Publisher Jaypee.  

5. Ganong’s Review of Medical Physiology, 24th Edition. Authors: Kim E. Barrett, Susan 

M. Barman Scott Boitano, Heddwen Brooks. Publisher: Lange. 

6. Drug Discovery and Development, R.G. Hill and D Richards, Elsevier, (2021). 

7. Modern Pharmacology with clinical correlations, 6thEdn., Charles R. Creig, and 

Robert E.Stitzel, Lippincott Williams & Wilkins. 

8. Foye’s Principles of Medicinal Chemistry, Williams,D.A. et al., 6thEdn.Lippincott 

Williams & Wilkins (2008). 

 

Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

• Interactive Discussions and Presentations: Engaging students through dialogue and 

student-led presentations. 

• Problem-Based Learning (PBL): Student-centered approach involving solving real-

world problems, case studies.  



• Quizzes as part of formative assessment. 

Evaluation Pattern: 

Continuous Internal 

Assessment  

Test 1 30 marks scaled down to 10 

Seminar/Presentation/Project 10 marks  

End Semester 

Examination  

ESE 80 marks  

 

Question Paper Blueprint:  

Modules Teaching 

Hours 

CLOs No. of Questions & Marks Distribution 

Part A 

No. of 

Questions 

Marks Part B 

No. of 

Questions 

Marks Part C 

No. of 

Questions 

Marks 

I 15 1 3 6 2 12 ½+1/3 08 

II 15 2 3 6 1 6 1+1/2.5 14 

III 15 3 3 6 2 12 ½+1/3 08 

IV 15 4 3 6 1 6 1 10 

 Total 24  36  40 

 

SYLLABUS BLUEPRINT 

Program Title  B.Sc Biochemistry, Microbiology, Zoology  

Course Title Molecular Biology 

Nature of Course  Discipline Specific Course (DSC) 

Semester  6 

Total Hours  60 

Credits  4 

Objective of the Course:   

COURSE LEARNING OUTCOMES 

CLO1 Explain the chemical basis of heredity, DNA/RNA structures, genome 

organization in prokaryotes/eukaryotes, and the central dogma. 



CL02 Describe mechanisms of prokaryotic and eukaryotic DNA replication, 

including enzymes, regulation, and telomere maintenance. 

CLO3 Analyze prokaryotic and eukaryotic transcription processes, RNA 

processing, and regulatory elements like promoters and enhancers. 

CLO4 Elucidate translation steps, genetic code properties, protein 

modifications, and antibiotic effects on protein synthesis. 

CLO5 Evaluate prokaryotic operon models and eukaryotic gene regulation 

mechanisms, including enhancers, silencing, and RNAi. 

CLO6 Identify mutation types, DNA damage, and repair pathways, linking 

defects to human diseases like xeroderma pigmentosum. 

 

MAPPING OF COURSE LEARNING OUTCOMES TO PROGRAM LEARNING 

OUTCOMES 

 PLO1 PLO2 PLO3 PLO4 PLO5 PL06 

CLO1 ✓  ✓ ✓ ✓  

CLO2 ✓  ✓ ✓ ✓  

CLO3 ✓  ✓ ✓ ✓  

CLO4 ✓  ✓ ✓ ✓  

CLO5 ✓ ✓ ✓ ✓ ✓  

 

Course Content: 

Module 

/Unit 

                                Content  Teaching 

Hours  

I 

 

Chemical Basis of Heredity and Genome Organization   

Introduction, Experimental proof of DNA and RNA as genetic 

material; Structure and functions of DNA and RNA; Watson and 

Crick model of DNA and other forms for DNA, A and Z; 

Functions of DNA and RNA including Ribozymes; Prokaryotic 

genome -Chromosomal and plasmid; Eukaryotic genome- 

10 



chromosomal DNA organization.  Mitochondrial and 

chloroplast genomes. 

Gene concepts: cistron, muton, replicon and recon. Central 

dogma of molecular biology. 

II 

 

Replication  

Prokaryotic DNA Replication: Unidirectional and bidirectional 

replication, semiconservative and semi-discontinuous 

replication. Priming of DNA synthesis in bacteria; components 

of primosome, regulation of initiation. Enzymes of DNA 

replication: DNA polymerases, helicases, primases, 

topoisomerases.  

Eukaryotic DNA replication: Initiation, elongation by eukaryotic 

DNA polymerases. Control of eukaryotic DNA replication, role 

of MCM proteins. Maintenance of ends of linear DNAs; telomeric 

DNA and telomerase. Regulation of eukaryotic DNA replication 

and inhibitors of DNA replication. DNA repair and their 

mechanisms– Direct repair, base excision repair, nucleotide 

excision repair, mismatch repair, recombinational repair, SOS 

repair. 

12 

III Transcription  

Transcription in prokaryotes: prokaryotic RNA polymerase; 

molecular composition and mechanism of transcription. 

Initiation of prokaryotic transcription: structure and function of 

promoters and sigma factor. Promoter clearance, role of α-

subunit in upstream element recognition. Elongation: Role of β-

subunit in phosphodiester bond formation. Termination of 

transcription - Rho-dependent and independent. 

Transcription in eukaryotes: RNA polymerases and its types. 

Eukaryotic promoters and regulatory elements: Class I, II and 

III. TATA box, downstream promoter elements, proximal 

promoter elements, enhancers and silencers.  

14 



Mechanism of transcription: Initiation -Formation of pre-

initiation complex, Elongation and Termination. Post 

transcriptional modification of mRNA: Capping, 

polyadenylation and splicing Inhibitors of transcription. 

IV Translation  

Genetic code, deciphering the genetic code, characteristics of 

genetic code, Wobble hypothesis. Prokaryotic translation- 

Components. Activation of tRNA. Initiation - Shine-Dalgarno 

sequence; initiation factors; formation of 30S and 70S initiation 

complex. Elongation- elongation factors, binding of aminoacyl t-

RNA, GTP hydrolysis, peptide bond formation and 

translocation. Termination – stop codon recognition, release 

factors, ribosome recycling.  

Eukaryotic translation: Initiation – Kozak sequence, initiation 

factors, preinitiation complex, formation of stable 48S initiation 

complex. Elongation. Termination: release factors; aberrant 

termination.  

Inhibitors of prokaryotic and eukaryotic translation. Post-

translational modifications of proteins. 

14 

V Gene regulation  

DNA binding motifs– Helix turn helix, zinc fingers, leucine 

zippers/ b zip, helix-loop-helix motifs.  

Gene regulation in prokaryotes: Operons. Positive and negative 

control: lac and trp operon. Gene regulation in eukaryotes: Role 

of methylation, acetylation and deacetylation in gene 

regulation. 

10 
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Teaching Pedagogy: 

• Lecture-Based Instruction: Structured delivery of course content by the teacher. 

• Interactive Discussions and Presentations: Engaging students through dialogue and 

student-led presentations. 

• Problem-Based Learning (PBL): Student-centered approach involving solving real-

world problems, case studies.  

• Quizzes as part of formative assessment. 

Evaluation Pattern: 

   

Continuous Internal 

Assessment  

Test 1 30 marks scaled down to 10 

Seminar/Presentation/Project 10 marks  

End Semester 

Examination  

ESE 80 marks  

 

Question Paper Blueprint:  

Modules Teaching 

Hours 

CLOs No. of Questions & Marks Distribution 

Part A 

No. of 

Questions 

Marks Part B 

No. of 

Questions 

Marks Part C 

No. of 

Questions 

Marks 

I 10 1 2 4 2 12   

II 12 2 2 4 1 6 1 10  

III 14 3 3 6 1 6 1 10  



IV 14 4 3 6 1 6 1 10  

V 10 5 2 4 1 6 1 10  

 Total 24  36  40 

 

Molecular Biology Practical 

1. Determination of absorption spectra of DNA and protein using UV-Visible 

spectrophotometer.  

2. Isolation of genomic DNA from plant. DNA quantification and agarose gel 

electrophoresis 

3. Isolation of total RNA from plant sources. RNA quantification and agarose gel 

electrophoresis 

4. Restriction digestion of λ-DNA and visualization on agarose gel electrophoresis. 

5. Ligation of digested λ-DNA using T4 DNA ligase and visualization on agarose gel 

electrophoresis. 

6.  Preparation of competent cells for the bacterial transformation.  

7. Bacterial transformation.  

8. Identification of transformed bacteria using blue white screening.  

9. Determination of transformation efficiency.  

10. Study of bacterial conjugation. 

11. Amplification of desirable genes by Polymerase chain reaction. 

12. Rapid amplification of polymorphic DNA. 

13. Dissection of salivary gland and observation of polytene chromosome in Drosophila 

melanogaster.  

14. Identification of drosophila mutants. 

 

 

 

 

 

 

 

 

 

 



B.Sc. Biochemistry – Semester VI 

Course Title: Applied Scientific Writing and Literature Synthesis  

Compulsory Skill Enhancement Course 

Credits: 2 

Structure: 1 hr guidance + 2 hrs activity/project/week 

 

Course Objective  

To train students in scientific thinking, literature synthesis, and structured writing, culminating in 

a publishable-quality review paper in biochemistry. 

 

Module 1: Understanding Scientific Writing  

• Types of scientific articles (review, research, short communication) 

• IMRAD structure 

• Scientific tone and clarity 

Activities 

1. Paper Dissection Workshop: Break down 2 research papers + 1 review article. Identify 

each section and its function 

2. Good vs Poor Writing Exercise: Rewrite poorly written paragraphs into scientific style 

3. Title Analysis Task: Compare 10 paper titles → identify effective patterns 

4. Abstract Sorting Activity: Match abstracts with full papers 

5. Mini Task: Write a 150-word summary of a given paper 

 

Module 2: Literature Search & Critical Reading  

• Database search (PubMed, Google Scholar) 

• Keywords, Boolean operators 

• Impact factor, citations 

• Prompt Engineering and AI Hallucination 

Activities 

1. Keyword Building Exercise: Develop search strings for a chosen topic 

2. Database Scavenger Hunt: Find: 5 review papers, 5 recent research papers (last 5 years) 

3. Annotated Bibliography (Major Task): 10 papers 

4. Critical Reading Grid: Compare 2 papers (methodology, results, limitations) 

5. Topic Finalization Workshop: Students present topic + justification 

 

Module 3: Referencing, Paraphrasing & Ethics  

• Citation styles (APA/Vancouver/MLA) 



• Plagiarism and ethical writing 

• Reference managers 

Activities 

1. Paraphrasing Drill: Convert 5 paragraphs into original writing 

2. Citation Correction Exercise: Fix incorrectly cited references 

3. Reference Manager Setup: Create library in Mendeley/Zotero 

4. Plagiarism Detection Task: Run draft through checker → revise 

5. Mini Assignment: Write a 300-word literature synthesis with citations 

 

 

Module 4: Data Presentation & Visualization  

Activities 

1. Figure Creation Task: Pathway diagram / mechanism illustration 

2. Graphing Exercise: Convert data into charts 

3. Table Design: Create comparison tables 

4. Figure Caption Writing: Clear, standalone explanations 

5. Infographic Creation (Canva) 

 

Module 5: Review Paper Development  

Activities 

1. Draft Submission 1  

2. Peer Review Session  

3. Faculty Feedback  

4. Revision  

5. Draft Submission  

6. Formatting Task - Journal guidelines (font, spacing, references) 

7. Plagiarism Check & Correction 

 

Module 6: Scientific Presentation  

1. Poster Preparation 

2. 3-Minute Thesis (3MT Style Presentation) 

3. Oral Defense (Viva) 

4. Peer Q&A Session 

 

 

 


