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PROGRAMME OBJECTIVES & STRUCTURE 
PO # PROGRAMME OUTCOME 
PO 1 Critical Thinking: Take informed actions after identifying the assumptions that frame 

our thinking and actions, check out the degree to which these assumptions are accurate 
and valid, and look at our ideas and decisions (intellectual, organizational, and personal) 
from different Perspectives. 

PO 2 Effective Communication: Speak, read, write and listen clearly in person and through 
electronic media in English and in one Indian language, and make meaning of the world 
by connecting people, ideas, books, media and Technology. 

PO 3 Social Interaction: Elicit views of others, mediated is agreements and help reach 
conclusions in group settings. 

PO 4 Effective Citizenship: Demonstrate empathetic social concern and equity-centered 
national development, and the ability to act with an informed awareness of issues and 
participate in civic life through volunteering. 

PO 5 Ethics: Recognize different value systems including your own, understand the moral 
dimensions of your decisions, and accept responsibility for them. 

PO 6 Environment and Sustainability: Understand the issues of environmental contexts and 
sustainable development. 

PO 7 Self-directed and Life-long Learning: Acquire the ability to engage in independent and 
life-long learning in the broadest context of socio-technological changes. 

 
           



 

PROGRAMME SPECIFIC OUTCOME 
PSO # PROGRAMME SPECIFIC OUTCOME 
PSO 1 To gain a functional knowledge of theoretical concepts and experimental aspects of 

Biochemistry and their applications in the day-to-day life. 
PSO 2 To integrate the gained knowledge with various contemporary and evolving areas in 

biological sciences like Enzymes, Hormones, Vitamins, DNA, RNA, instrumental etc. 
PSO 3 To understand, analyze, plan and implement qualitative as well as 

quantitative analytical synthetic and phenomenon-based problems in biological 
sciences. 

PSO 4 Provide opportunities to excel in academics, research or Industry. 
 
 Course Outcome (COs) 

 
S.No. Course Name Course Code 
Semester-I 

Bio-molecules 101 
Course Outcome 

CO1 Understand carbohydrates  
CO2 Understand amino acids  
CO3 Discuss lipids  
CO4 Explain nucleic acids  
CO5 Understand vitamins  

Inorganic Chemistry-I 102 
Course Outcome 

CO1 Understand atomic structure  
CO2 Understand periodicity of elements  
CO3 Discuss ionic bonds  
CO4 Understand covalent bond  



 

CO 5 Concept of metallic bond and weak chemical forces  
               Techniques in Biochemistry 103 

Course Outcome 
CO1 Explain physical properties of water   
CO2 Discuss chromatography  
CO3 Understand centrifugation  
CO4 Discuss electrophoretic techniques  
CO5 Explain spectroscopy  

English Communication 104 
Course Outcome 

CO1 To enhance all the four communication skills in the students-- listening, 
speaking, reading and writing 

 

CO2 To familiarize the students with the nature and importance of effective 
communication skills in their professional life 

 

CO3 To make the students capable of actively participating in various 
individual/group communications such as group discussion, debate, 
meeting, presentation etc 

 

CO4 To enrich the vocabulary of the students to make them efficient 
communicators 

 

CO5 To strengthen the Grammar of the students  
Inorganic Chemistry Lab 105 

Course Outcome 
CO1 Estimation of carbonate and hydroxide present together in mixture  
CO2 Estimation of free alkali present in different soaps/detergents  
CO3  Estimation of Fe(II) and oxalic acid using standardized KMnO4 

  solution 
 

CO4 Estimation of oxalic acid and sodium oxalate in a given mixture  
CO5 Estimation of Fe(II) with K2Cr2O7 using internal (diphenylamine, 

anthranilic acid) and external indicator 
 



 

Bio-molecules 106 
Course Outcome 

CO1 Qualitative analysis of biomolecules  
CO2 Carbohydrates-Molisch, Benedict’s, Fehling’s, picric acid, 

Barfoed’s, Bial’s, Seliwanoff’s, osazone tests 
 

CO3 Proteins- Precipitation reactions of proteins, colour reactions of 
proteins, colour reactions of amino acids like tryptophan, 
tyrosine, cysteine, methionine, arginine, proline and histidine 

 

CO4 Colour reactions of proteins- Biuret, xanthoproteic, Millon’s  
CO5 Lipids-solubility, acrolein test, Salkowski test, Lieberman-

Burchard test 
 

Semester-II 
Cell Biology 201 
Course Outcome 

CO1 Understand introduction of cell  
CO2 Understand structure and function of sub-cellular organelles  
CO3 Explain cell fraction techniques  
CO4 Understand cell wall  
CO5 Explain cell cycle and cell division  

Bio-organic Chemistry 202 
 Course Outcome  
CO1 Discuss Introduction of organic chemistry  
CO2 Explain aliphatic hydrocarbons  
CO3 Discuss alkyl halides and organometallic compounds  
CO4 Understand Amines  
CO5 Understand Stereochemistry  

Biochemical basis of Diseases 203 
Course Outcome 



 

CO1 Understand Inborn errors of metabolism  
CO2 Understand disorders of carbohydrate metabolism  
CO3 Explain disorder of lipids  
CO4 Explain disorders of liver and kidney  
CO5 Understand the infectious diseases  

Environmental Science 204 
 Course Outcome  
CO1 Have knowledge of the Modern fuels and their environmental 

impact – Methanogenic bacteria 
 

CO2 Comprehend the Structural and Functional dynamics of microbes, 
their diversity 

 

CO3 Have knowledge of treatment of municipal waste and Industrial 
effluents, Biofertilizers 

 

CO4 Have basic understanding of Enrichment of ores by 
microorganisms  

 

CO5 know about Methanogenesis: methonogenic, acetogenic and 
fermentive bacteria 

 

Cell Biology Lab 205 
 Course Outcome  
CO1 Understand microscope  
CO2 Cytochemical staining of proteins  
CO3 Study of stages of mitosis  
CO4 Study of stages of meiosis  
CO5 Study of cell organelles  

Bio-organic Chemistry Lab 206 
 Course Outcome  
CO1 Systematic qualitative analysis of the organic compounds  
CO2 Organic preparations: Aspirin from salicylic acid  
CO3 Organic preparation: Benzoic acid from benzaldehyde  
CO4 Organic preparation: p- and m-dinitrobenzene from nitobenzene  



 

CO5 Qualitative analysis of chlorobenzene  
Biochemical basis of Diseases Lab 207 

Course Outcome 
CO1 Estimation of blood glucose  
CO2 Estimation of serum cholesterol  
CO3 Estimation of Haemoglobin  
CO4 Estimation of Calcium  
CO5 Gram staining of bacteria and identification of bacteria  
Semester-III 

       Human Physiology 301 
Course Outcome 

CO1 Discuss the Nervous System  
CO2 Discuss Excretory System  
CO3 Understand Body Fluids  
CO4 Understand Endocrine System  
CO5 Understand Digestive System  

Applied Zoology & Animal Behaviour 302 
Course Outcome 

CO1 Discuss Invertebrates  
CO2 Discuss Chordata  
CO3 Discuss Developmental biology & evolution  
CO4 Explain Origin of life  
CO5 Explain animal behavior & applied zoology  

                        Biostatistics 303 
Course Outcome 

CO1 Explain data collection and presentation  
CO2 Discuss sampling schemes  
CO3 Explain collection of data  
CO4 Discuss probability and hypothesis testing  
CO5 Understand Regression and Correlation  



 

                             Nutrition Biochemistry 304 
Course Outcome 

CO 1 Explain concept of food and nutrition  
CO 2 Discuss energy measurement  
CO 3 Explain Diet in Pregnancy & Lactation  
CO 4 Understand Protein energy malnutrition  
CO 5 Understand Planning and preparation of diet in hypertansion  

Human Physiology Lab 305 
Course Outcome 

CO 1 Preparation of blood smear and differential leucocyte count.  
CO 2 Estimation of Hemoglobin  
CO 3 Estimation of Uric acid  
CO 4 Understand Iron by Wong’s method  
CO 5 Understand qualitative analysis of Urine-detection of urea  

Applied Zoology & Animal Behaviour Lab 306 
Course Outcome 

CO 1 Identify and comment upon spots  
CO 2 Preparation of blood film  
CO 3 Study of LS and TS of different human organs  
CO 4 Study of living animals  
CO 5 Demonstration of different developmental stages of embryo of frog by prepared slides  

Semester-IV 
                 Biochemistry of Enzymes 402 

Course Outcome 
CO 1 Explain Enzymes and Classification  
CO 2 Discuss Characterization of Enzymes  
CO 3 Discuss Mechanism and Allosteric Enzymes  



 

CO 4 Understand Isoenzymes  
CO 5 Understand Applications of Enzymes  

Molecular Biology 402 
 Course Outcome  
CO1 Discuss basic concepts of genetic information  
CO2 Understand DNA replication  
CO3 Discuss Translation  
CO4 Understand Regulation of gene expression  
CO5 Discuss Mutations  

                         Research Methodology 403 
Course Outcome 

CO 1 Explain research methods   
CO 2 Understand Tools in Research  
CO 3 Understand Research Designs  
CO 4 Understand Research Reports  
CO 5 Discuss Bio-Ethics  

                                    Gene and Recombinant DNA Technology 404 
Course Outcome 

CO 1 Understand Concept of Gene  
CO 2 Discuss Genetic Linkage and Crossing over  
CO 3 Learn Outline of Techniques of Genetic Engineering  
CO 4 Understand Gene Techniques  
CO 5 Discuss Recombinant DNA Technology  

        Biochemistry of Enzymes Lab 405 
Course Outcome 

CO 1 Isolation of urease and demonstration of its activity  
CO 2 Purification of urease  
CO 3 Time course of urease reaction  
CO 4 Determination of initial velocity of salivary amylase  
CO 5 Determination of optimum temperature of salivary amylase  



 

        Molecular Biology Lab 406 
Course Outcome 

CO 1 Extraction and estimation of DNA from coconut endosperm  
CO 2 Extraction of RNA from spinach leaves and its estimation by 

Orcinol Method 
 

CO 3 Determination of absorption maxima of nucleic acids  
CO 4 Extraction of total nucleic acids from plant tissues  
CO 5 Isolation of total RNA from bacteria/yeast  
Semester-V 

Metabolism 501 
Course Outcome 

CO1 Discuss Biological Oxidation  
CO2 Understand Digestion and absorption of carbohydrates  
CO3 Discuss Digestion, absorption and mobilization of lipids  
CO4 Understand Digestion, absorption and mobilization of proteins and amino acids  
CO5 Discuss Haem Metabolism  

       Plant Biochemistry 502 
Course Outcome 

CO1 Explain Introduction of plant kingdom  
CO2 Understand electron transport system in plants  
CO3 Understand photosynthesis  
CO4 Understand secondary plant metabolites  
CO5 Discuss Nitrogen metabolism  

                          Bioinformatics 502 
Course Outcome 

CO1 Discuss Introduction to Bioinformatics  
CO2 Understand Biological databases and data retrieval  
CO3 Understand sequence alignment & phylogeny  
CO4 Understand Genomics  



 

CO5 Discuss protein sequence, structure prediction and analysis  
                        Genetic Engineering 503 

Course Outcome 
CO1 Understand principles of Heredity  
CO2 Understand Genetics of Bacteria and Viruses  
CO3 Understand Linkage, Crossing over  
CO4 Understand Population and Evolutionary Genetics  
CO5 Discuss Chromosomal aberrations  

Metabolism Lab 505 
 Course Outcome  
CO1 Preparation of acidic and basic buffers  
CO2 Determination of pH  
CO3 Estimation of blood glucose by DNS method  
CO4 Estimation of serum cholesterol  
CO5 Assay of salivary amylase  
Semester-VI 

         Microbial Biochemistry 601 
 Course Outcome  
CO1 Discuss Introduction of Microorganisms  
CO2 Understand Viruses and Bacteriophages  
CO3 Explain Culture Media  
CO4 Understand Microorganisms and Industry  
CO5 Explain Microbial Pathology  

         Advance Techniques in Biochemistry 602 
 Course Outcome  
CO1 Understand Enzyme and Pigments purification methods  
CO2 Understand Methods for protein analysis  
CO3 Explain methods for nucleic acid analysis  
CO4 Explain Cytological techniques  
CO5 Understand Labeling methods  



 

            Microbial Techniques 602 
 Course Outcome  
CO1 Discuss development of microbiology  
CO2 Understand microbial nutrition and growth  
CO3 Discuss control of microorganisms by physical and chemical 

methods 
 

CO4 Explain bacterial, fungal and algal cell organization and staining   
CO5 Discuss introduction of viruses  

        Biology of Infectious Diseases 603 
 Course Outcome  
CO1 Understand Infectious Diseases  
CO2 Understand Bacterial Diseases  
CO3 Understand Viral Diseases  
CO4 Discuss Parasitic Diseases  
CO5 Explain Fungal Diseases  

           Industrial Biochemistry 603 
 Course Outcome  
CO1 Understand Plant & Pigment  
CO2 Understand Pulp & Paper  
CO3 Explain Cement Industries   
CO4 Discuss Fertilizers  
CO5 Understand Soap and Detergents, Fats, Oil & Wax Soap and 

Detergents 
 

Microbial Biochemistry Lab 605 
Course Outcome 

CO1 Preparation and sterilization of culture media  
CO2 To perform gram staining for identification of bacteria  
CO3 Isolation of microbes from soil and sewage water  
CO4 To prepare growth curve of bacteria  
CO5 To prepare temporary mount of algae  



 

Semester-VII 
Immunology 701 

 Course Outcome  
CO1 Discuss Immunity  
CO2 Discuss Antigens and Antibodies  
CO3 Discuss Specificity & activation of immune system  
CO4 Discuss Autoimmunity and hypersensitivity  
CO5 Explain Immunological disorders  

                   Biochemistry of Hormones 702 
 Course Outcome  
CO1 Discuss chemical classification of hormones  
CO2 Discuss Pituitary  
CO3 Discuss Thyroid gland  
CO4 Explain Hormones of adrenal gland  
CO5 Explain Hormones in digestion  

          Environmental Biochemistry 702 
 Course Outcome  
CO1 Discuss Environment  
CO2 Discuss Hydrosphere  
CO3 Understand Purification & treatment of water  
CO4 Understand Soil composition  
CO5 Understand Atmosphere  

                      Biochemistry of Drugs 703 
Course Outcome 

CO 1 Explain general pharmacology  
CO 2 Discuss Dosage form consideration in preformulation  
CO 3 Mechanism of action of a drug  
CO 4 Understand Drugs in GIT  
CO 5 Understand Chemotherapy  



 

                       Immunology Lab 705 
Course Outcome 

CO 1 Isolation of lymphocytes from blood / spleen  
CO 2 Purification of antibodies of immunoglobulins  
CO 3 Demonstration of antigen antibody interaction or binding reaction  
CO 4 Assays based on agglutination reactions  
CO 5 Enzymes linked immunosorbent assay (ELISA)  

Semester-VIII 
               Clinical Biochemistry 801 

Course Outcome 
CO 1 Understand water and electrolyte balance and imbalance  
CO 2 Discuss functions of liver  
CO 3 Explain clinical significance of enzymes assay  
CO 4 Discuss blood sugar  
CO 5 Understand biochemistry of cancer cells  

Biotechnology 802 
 Course Outcome  

CO1 Discuss principles of gene cloning  
CO2 Discuss plant genetic engineering  
CO3 Discuss protein engineering  
CO4 Discuss transgenic plants and animals  
CO5 Explain fermentation technology  

                Nursing and Hygeine 802 
Course Outcome 

CO1 Discuss scope and concept of nursing  
CO2 Explain documentation and reporting  
CO3 Explain temperature and pulse  
CO4 Discuss needs of patient  



 

CO5 Understand Nutrition  
                Clinical Biochemistry Lab 801 

Course Outcome 
CO1 Qualitative and quantitative analysis of Urine  
CO2 Qualitative analysis of abnormal constituents in Urine  
CO3 Pigments, bile salts and ketone bodies  
CO4 Experiments on Blood  
CO5 Gel Electrophoresis of serum proteins  

 
 
 
 



 
 



 

 



 

 



 
 



 

Subject I 
Major 

Semester-I  
Core  

Bio-molecules 
 

 
Course Objective 

 Exposure with the nature of various biomolecules present in living cells. 
 Get exposed to key contributions of scientists such as Hans Kreb, G. N. 

Ramachandran, Melvin Calvin, Louis Pasteur, HarGobind Khorana, Watson 
and Crick and Venky Ramakrishnan, etc.in order to create scientific interest 
amongst students in life processes. 

 To understand the properties of carbohydrates, proteins, lipids, cholesterol, 
DNA, RNA, glycoproteins and glycolipids and their importance in biological 
systems. 

 To understand the process of fermentation and manufacture of Biodiesel. 
 To develop skills to determine amino acid and nucleotide sequences of 

proteins and DNA respectively. 
 
Unit-1: Carbohydrates 
Definition, empirical formulae, classification, biological importance. Monosaccharide: 
Configuration relationship of D-aldoses, D-ketoses. General properties of aldoses and 
ketoses. Oxidation, reduction, reducing property, formation of glycosides, acylation, 
methylation, phenyl hydrazine reaction. Inter-conversion of aldoses and ketoses. 
Isomerism in monosaccharides, (+) and (-), D and L, epimers, anomers, and stereoisomers. 
Structure and biological importance of amino sugars, deoxy sugars, sugar acids, neuraminic 
and muramic acid. 
 
Disaccharides: Establishment of structures of sucrose and lactose, biological importance 
and structure of isomaltose, trehalose and maltose. 
Polysaccharides: Partial structure, occurrence and importance of starch, glycogen, inulin, 
cellulose, chitin, and pectin. 
Glycosaminoglycans: Occurrence, importance and the structure, Bacterial cell wall  
polysaccharide, peptidoglycans. 



 

Unit-2: Amino acids 
Structure and classification of amino acids based on polarity. Reactions of the amino groups 
due to amino and carboxylic group, Zwitterionic properties. Peptides: Peptide bond, 
biologically active peptides. 
Proteins: Classification of proteins based on solubility, structure and functions with 
examples. Primary Structure of proteins, methods of determining N- and C- terminal 
aminoacids, amino acid composition. Sequencing by Edman’s degradation method. 
Secondary Structure-α Helix. β-sheet, β-bend. Tertiary of myoglobin and quaternary 
structure of hemoglobin, denaturation and renaturation of proteins.  
 
Unit-3: Lipids  
Classification and biological role. Fatty acids- Nomenclature of saturated and unsaturated 
fatty acids. Physiological properties of fatty acids. 
 
Acylglycerols: Mono, di and triglycerols. Saponification, saponification value, iodine value, 
acid value and significance. 
Phosphoglycerides: Structure of lecithin, cephalins, phosphotidylinosital, plasmalogens, 
and cardiolipin. Biological role of phosphoglycerides. 
Sphingolipids: Structure and importance of sphingomyelin. Glycosphingolipids: Structure 
and importance of gangliosides and cerebrosides. 
Unit-4: Nucleic acids 
DNA: Composition of DNA. Nucleosides and nucleotides. Chargaff’s rule. Watson and Crick 
model of DNA. Types of DNA. 
RNA: Composition, types (mRNA, tRNA and rRNA), secondary structures of tRNA-clover 
leaf model. Chemical reactions of RNA and DNA with acid and alkali, colour reactions of 
DNA and RNA. 
Unit-5: Vitamins  
Introduction and biological significance of vitamins, Water soluble vitamins, their 
occurrence, functions, structure, diseases, Fat soluble vitamins, their occurrence, functions, 
structure, diseases. 
 
Recommended Books/References:  

1. A.L., Lehninger, principles of biochemistry (1982), Worth Publishers, Inc. New York. 
2. E.E. Conn and P.K. Stumpf. Outlines of Biochemistry (1976) Wiley Eastern, New Delhi. 
3. Biochemistry by L. Stryer (1995) W.H. Freeman Press, San Francisco, USA. 
4. Biochemistry, by Voet, D. and Voet, J.G. (2004). 3rd Edition, John Wiley & Sons, Inc. USA. 



 

Course outcomes 
 Students will be exposed to the history of Biochemistry and key contributions of 

scientists such as Hans Kreb, G. N. Ramachandran, Melvin Calvin, Louis Pasteur, 
Hargobind Khorana, Watson and Crick and Venky Ramakrishnan. 

 They will study the properties of carbohydrates, proteins, lipids, cholesterol, DNA, 
RNA, glycoproteins and glycolysis and their importance in biological systems.  

 They will understand the process of fermentation and manufacture of Biodiesel.  
 They will understand the methods of determination of amino acid and nucleotide 

sequence of proteins and DNA respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Semester - I  
Subject I  
Practical 

 
Course Objective 

 Exposure to basic reactions of biomolecules. 
 Determine presence of biomolecules like carbohydrates, proteins, lipids, etc. in known and unknown samples. 
 Determine the extent of adulteration in samples containing biomolecules.   

Practical content 
1. Qualitative analysis of biomolecules 
2. Carbohydrates-Molisch, Benedict’s, Fehling’s, picric acid, Barfoed’s, Bial’s, 

Seliwanoff’s, osazone tests. 
3. Glucose, fructose, lactose, maltose and sucrose. 
4. Proteins- Precipitation reactions of proteins, colour reactions of proteins, colour 

reactions of amino acids like tryptophan, tyrosine, cysteine, methionine, arginine, 
proline and histidine. 

5. Colour reactions of proteins- Biuret, xanthoproteic, Millon’s. 
6. Lipids-solubility, acrolein test, Salkowski test, Lieberman-Burchard test. 
7. Qualitative tests for nucleic acid. 

Course outcomes 
 The student will gain awareness about basic reactions of biomolecules and their 

utility in identification of adulterants. 
 The student will known Glucose, fructose, lactose, maltose and sucrose. 
 Student will gain the skill of qualitative tests for nucleic acid and other biomolecules 

 
 
 
 
 



 

Subject II 
Minor 

Semester I  
Inorganic Chemistry-I 

 
 

COURSE OBJECTIVES 
On completion of this course, the students will be able to understand:  

 Atomic theory and its evolution.  
 Elements in periodic table; physical and chemical characteristics, periodicity.  
 Identity of given element, relative size, charges of proton, neutron and electrons and 

their assembly to form different atoms.  
 Physical and chemical characteristics of elements in various groups and periods 

according to ionic size, charge, etc. and position in periodic table.  
 Characterize bonding between atoms, molecules, interaction and energetic, 

hybridization and shapes of atomic, molecular orbitals, bond parameters, bond- 
distances and energies.  

 Valence bond theory incorporating concepts of hybridization predicting geometry of 
molecules.  

 Importance of hydrogen bonding, metallic bonding.  
 
Unit-1: Atomic Structure 
Bohr’s theory, its limitations and atomic spectrum of hydrogen atom. Wave mechanics: de’ 
Broglie equation, Heisenberg’s Uncertainty Principle and its significance, Schrödinger’s 
wave equation, significance of ψ and ψ2. Quantum numbers and their significance. 
Normalized and orthogonal wave functions. Sign of wave functions. Radial and angular 
wave functions for hydrogen atom. Radial and angular distribution curves. Shapes of s, p, d 
and f orbitals. Contour boundary and probability diagrams. Pauli’s Exclusion Principle, 
Hund’s rule of maximum multiplicity, Aufbau’s principle and its limitations, Variation of 
orbital energy with atomic number.  
Unit-2: Periodicity of Elements 
s, p, d, f block elements, the long form of periodic table. Detailed discussion of the following 
properties of the elements, with reference to s and p-block.  
Effective nuclear charge, shielding or screening effect, Slater rules, variation of effective 
nuclear charge in periodic table. Atomic radii (van’der Waals), Ionic and crystal radii. 
Covalent radii (octahedral and tetrahedral), Ionization enthalpy, Successive ionization 
enthalpies and factors affecting ionization energy. Applications of ionization enthalpy. 
Electron gain enthalpy, trends of electron gain enthalpy. Electronegativity, Pauling, 



 

Mullikan, electronegativity and bond order, partial charge, hybridization, group 
electronegativity. 
Unit-3: Ionic Bonding 
General characteristics, definition of ionic bonds, examples, formation of ionic bond, 
strength of ionic bonds, types of ions, size effects, radius ratio rule and its limitations. 
Packing of ions in crystals. Born-Landé equation with derivation, expression for lattice 
energy. Madelung constant, Born-Haber cycle and its application, Solvation energy.  
Unit-4: Covalent bond 
Lewis structure, Valence Shell Electron Pair Repulsion Theory (VSEPR), Shapes of simple 
molecules and ions containing lone-and bond-pairs of electrons multiple bonding, sigma 
and pi-bond approach, Valence Bond theory, (Heitler-London approach). Hybridization 
containing s, p and s, p, d atomic orbitals, shapes of hybrid orbitals, Bents rule, Resonance 
and resonance energy, Molecular orbital theory. Molecular orbital diagrams of simple 
homonuclear and heteronuclear diatomic molecules, MO diagrams of simple tri and tetra-
atomic molecules, e.g., N2, O2, CO, NO, and their ions; HCl, BeF2, CO2, Covalent character in 
ionic compounds, polarizing power and polarizability. Fajan rules, polarization. Ionic 
character in covalent compounds: Bond moment and dipole moment. 
Unit-5: Metallic bonding and Weak chemical forces  
Metallic Bond: Definition of metallic bond, properties and examples of metallic bonds, 
qualitative idea of free electron model, Semiconductors, Insulators.  
Weak Chemical Forces: van’der Waals, ion-dipole, dipole-dipole, induced dipole dipole-
induced dipole interactions, Lenard-Jones 6-12 formula, hydrogen bond, effects of 
hydrogen bonding on melting and boiling points, solubility, dissolution, intermolecular and 
intramolecular hydrogen bonding.  
Recommended Books/References:  

1. J. D. Lee, Concise Inorganic Chemistry, Wiley, 5th Edn.  
2. B. E. Douglas, D. H. McDaniel, J. J. Alexander, Concepts & Models of Inorganic Chemistry, (Third Edition) 

John Wiley & Sons,1999.  
3. P. W. Atkins, J. DePaula, Physical Chemistry, Tenth Edition, Oxford University Press, 2014.  
4. G. E. Rodger, Inorganic and Solid State Chemistry, Cengage Learning, 2002. 
5. Advanced Inorganic Chemistry, F.A. Cotton and Wilkinson, John Wiley. 

 
COURSE OUTCOMES 
The students will be able to 

 know the concept of wave function and wave mechanics. 
 know the physical and chemical properties of elements in various groups and 

periods in the Periodic Table. 
 Demonstrate and understanding of VSEPR theory 



 

 To predict the atomic structure, chemical bonding and molecular geometry based on 
accepted models.  

 To understand atomic theory of matter, composition of atom.  
 Get knowledge about importance of metallic bonding and weak chemical forces. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Subject II  
Semester I  
Practical 

 
COURSE OBJECTIVES 

 The students will learn 
 The basics of estimation of carbonate and free alkali 
 Oxidation-reduction titrimetry 

 
Acid-Base Titrations  
(i) Estimation of carbonate and hydroxide present together in mixture.  
(ii) Estimation of carbonate and bicarbonate present together in a mixture.  
(iii) Estimation of free alkali present in different soaps/detergents  
Oxidation-Reduction Titrimetry  
(i) Estimation of Fe(II) and oxalic acid using standardized KMnO4 solution.  
(ii) Estimation of oxalic acid and sodium oxalate in a given mixture.  
(iii) Estimation of Fe(II) with K2Cr2O7 using internal (diphenylamine, anthranilic acid) and 
external indicator.  
Recommended Books/References:  

1. J. Mendham, A. I. Vogel’s Quantitative Chemical Analysis Sixth Edition, Pearson, 2009.  
2. G. Svehala, I. B. Sivasankar, Vogel’s Qualitative Inorganic Analysis, Pearson, India, 2012.  

 
COURSE OUTCOMES 
 The students will be able to 

 Estimate cations and free alkali 
 Estimate the Fe(II) and oxalic acids 

 
 

 
 
 
 
 
 
 
 

 



 

Subject III 
Generic Elective Course  

Semester - I 
Biochemical Techniques 

 
Course Objective 

 Develop competence in handing various chromatographic techniques and apply them in isolating and characterizing different biological molecules. 
 Understanding the applications of centrifugation and chromatography in biological investigations.  Purify proteins by affinity chromatography using epitope tags such as histidine tag, GST tag, Flag tag etc. 
 Understanding the principles of Electrophoresis, Spectrophotometry and 

ELISA and their applications in biological investigations/experiments. 
Unit-1:  Physical properties of water 
Physical properties and structure of water, hydrogen bonding, ionization of water, pH scale, 
cocept of acid-bases and buffers, behavior of amino acids and proteins, Handerson-
Haselbalch equation, Biological buffering system, Principle of osmosis, Electroendosmosis, 
Donan-membrane equilibrium & its biological applications. 
Unit-2: Chromatography  
Principles of partition chromatography; paper, thin layer, ion exchange and affinity 
chromatography, gel permeation chromatography. 
Unit-3: Centrifugation 
Principles of centrifugation, concepts of RCF, preparative, differential and density gradient 
centrifugation, ultra-centrifugation, subcellular fractionation. 
Unit-4: Electrophoretic techniques  
Principles of electrophoretic separation. Different types of electrophoresis including paper, 
cellulose acetate/nitrate and gel. PAGE and SDS-PAGE. 
Unit-5: Spectroscopy  
Concepts of spectroscopy, Visible and UV spectroscopy, Beer- Lambert’s law, Principles and 
applications of colorimetry. 



 

Electron microscopy-Transmission and scanning, freeze fracture techniques, specific 
staining of biological materials. 
Recommended Books/References:  

1. Wilson K. and Walker J., Principles and Techniques ofBiochemistry and Molecular Biology, 7thed., 
Cambridge University Press, 2010. 

2. Boyer, R.F., Biochemistry Laboratory: Modern Theory and Techniques, 6thed., Boston, Mass: Prentice 
Hall, 2012. 

3. Plummer D. T., An Introduction to Practical Biochemistry 3rd ed., Tata McGraw Hill Education Pvt. 
Ltd. (New Delhi), 1998. 
 

Course outcomes 
 Students will learn about the principle and applications of spectrophotometry, 

different chromatographic techniques like gel filtration, Ion exchange, thin layer, etc.  
 Students will also learn about various electrophoresis techniques such as cellulose 

acetate, gel, PAGE, etc. and their applications in analyzing proteins and nucleic acids.  
 Students will learn the basic principles of centrifugation, various types of 

centrifuges, rotors and methods for sub cellular fractionation.  
 They will also learn the principles of electron microscopy more especially of SEM 

and TEM and their applications in characterizing biological samples. 



 

Semester - I  
Practical 

Biochemical Techniques 
 

Course Objective 
 The students will obtain hands-on training in basic separation techniques in biochemistry like electrophoresis, chromatography, etc. 
 Gain expertise in the isolation of various biomolecules and organelles.  

Course content 
1. Verification of Beer’s Law 
2. Determination of absorption maxima (λmax) of proteins and nucleic acids 
3. Determination of protein concentration using UV-Vis spectrophotometer 
4. Fractionation of sub cellular organelles from leaves using differential centrifugation 
5. Separation of amino acid acids/sugars by thin layer/paper chromatography 
6. Separation of proteins by gel filtration chromatography 
7. Separation of nucleic acids using agarose gel electrophoresis 
8. Separation of proteins by PAGE and SDS-PAGE. 

 
Course outcomes 
Students will acquire practical training to handle the instruments like colorimeter, 
spectrophotometer and to use them for biochemical determinations.  
Using the techniques of paper/thin layer chromatography, students will be able to separate 
amino acids, sugars.  
They will acquire practical skill to separate proteins by gel filtration and PAGE. 
 

 
 
 
 

 



 

Subject I 
Major  

Semester - II  
Cell Biology 

Core  
 
Course Objective 

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

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

 Students will have an understanding of the composition of cytoskeleton and 
extracellular matrix. 

 Students will acquire knowledge of cell cycle, cell division and cell death 
mechanisms. 
 

Unit-1: Introduction of Cell 
Origin of life, Cell theory, Structure of prokaryotic and eukaryotic cell. Differences in Animal 
and Plant cell. Mycoplasma, viruses, viroids, prions. 
 
Unit-2: Structure and function of subcellular organelles 
Composition ofbiological membranes. Nucleus: Structure of nuclear envelope, nuclear pore 
complex nucleolus and chromatin. Endoplasmic Reticulum: RER - Brief overview of co-
translational and post-translational transport of proteins; SER – Lipid synthesis, brief 
overview of export of proteins from ER; Golgi apparatus: organization, brief overview of 
glycosylation of proteins within Golgi, lipid and polysaccharide metabolism in Golgi 
apparatus. 
 
Unit-3: Cell Fractionation techniques 
Centrifugation, Sedimentation Coefficient, Differential and Density Gradient (isopycnic and 
rate zonal) centrifugation. Cell Visualization techniques: Principle of Light microscope, 
Phase Contrast microscope, Fluorescence microscope, Confocal microscope and Electron 
microscope; Staining techniques for microscopy studies. Principles of identification of sub 
cellular organelles. 
Unit-4: Lysosomes  
Different forms of lysosomes, role in cellular digestion, lysosomal storage diseases.  



 

Peroxisomes: assembly, functions, glyoxysomes.  
Mitochondria: structure, endosymbiont theory, genome,  
Chloroplast: Structure, function, organization 
Cell Wall: Structure of prokaryotic and eukaryotic cell wall; ECM components– proteins, 
polysaccharides and adhesion proteins; concept of anchoring junctions, tight junctions and 
communication junctions (gap junctions and plasmodesmata). 
Cytoskeleton. Microtubules: Axonemal and cytoplasmic microtubules (cilia, flagella, 
centrioles, basal bodies). Microfilaments: Actin and Myosin Filaments. Role of cytoskeletal 
elements in the entry of infectious agents 
Unit-5: Cell Cycle and Cell Division  
(mitosis and meiosis); Apoptosis and necrosis; Types and potency of Stem Cells, Cancer-
types, salient features of a transformed cell, causes of cancer. Apoptotic death in relation to 
cell cycle. 
 
Recommended Books/References:  

1. The Cell: A Molecular Approach (2013) 6th ed., Cooper, G.M. and Hausman, R.E., ASM Press & Sunderland (Washington DC), Sinauer Associates, MA, ISBN:978-0- 87893-300- 6. 
2. Cell and Molecular Biology: Concepts and Experiments. (2010). Karp, G., 6th ed. John Wiley and Sons. Inc. ISBN: 978-1-118-65322-7 
3. Principles and Techniques of Biochemistry and Molecular Biology: - Ed. K. Wilson and J. Walker, Cambridge University Press. 
4. Physical Biochemistry- Application to Biochemistry and Molecular Biology: Friefelder D. WH Freeman and Company. 
5. Lehninger: Principles of Biochemistry (2017) 7th ed., Nelson, D.L. and Cox, M.M. 
6. W.H. Freeman & Company (New York), ISBN:13: 9781464126116 / ISBN:10- 1464126119. 
7. Molecular Biology of the Gene (2008) 6th ed., Watson, J.D., Baker, T.A., Bell, S.P., Gann, A., Levine, M. and Losick, R., Cold Spring Harbor Laboratory Press, Cold Spring Harbor (New York), ISBN:0-321-50781 / ISBN: 978-0-321-50781-5. 

Course Outcomes 
 This course will provide an understanding of the structure of cell and function of various sub cellular organelles.  
 Students will learn about cell theory, basic cell structure, cell fractionation and cell visualization techniques. Besides, students will have an understanding of the composition of cytoskeleton and extracellular matrix.  
 Students will acquire knowledge of cell cycle, cell division and cell death mechanisms. 



 

Semester-II 
Practical 

Cell Biology 
Course objectives 

 Students will learn the handling of microscope. 
 Obtain hands-on training in basic separation techniques in biochemistry 
 Gain expertise in the isolation of various cell organelles and staining of 

cellular biomolecules. 
Course Content: 

1. To study different parts of microscope 
2. Cytochemical staining of proteins by Methylene blue 
3. Cytochemical staining of polysaccharides by PAS 
4. Cytochemical staining of RNA by Methyl Green 
5. Study of stages of Mitosis  
6. Study of stages of Meiosis  
7. To study cell organelles  
8. To study the effect of isotonic, hypotonic and hypertonic solutions on cells 

 
Course outcomes: 

 Students will learn the handling of microscope.  
 They will gain knowledge about the structure and function of various cell organelles.  
 The students will obtain hands-on training in basic separation techniques in 

biochemistry and gain expertise in the isolation of various cell organelles and 
staining of cellular biomolecules. 

 
 
 
 
 



 

Subject II 
Minor 

Semester II  
Bioorganic Chemistry 

 
Course objectives 

 Understand the significance of organic reactions with reference to biological 
systems. 

 Apply the principles of electrochemistry to conductance, voltaic, and 
electrolytic systems. 

 Understanding chemical bonding, strong and weak interactions, hydrogen 
bondingand to apply these principles in various biomolecules and biological 
reactions. 

 To develop understanding of aliphatic and aromatic compounds, IUPAC 
nomenclature, reactivity of functional groups and the importance of 
stereoisomers in biological systems. 

 Understanding the formation of polymers and their importance; difference 
between biodegradable and non-biodegradable polymers and biohazards of 
polymers. 

 Apply concept of stereochemistry in determining conformations of biomolecules. 
 
UNIT I: Introduction to organic chemistry  
Classification of organic compounds, unique characteristics, IUPAC nomenclature of 
organic compounds (including bi-functional) and 
biomolecules. 
Reaction mechanisms: Concept of inductive effect, resonance and hyperconjugation. 
Classification of organic reactions (substitution, addition, elimination and rearrangement), 
with two examples for each. Concepts of the following-carbanions, carbocations, free 
radicals, carbenes, nucleophiles and electrophiles (Formation and Stability). 
 
UNIT II: Aliphatic hydrocarbons  
Mechanism of Markownikoff and anti-Markownikoff addition. Addition of HBr to propene. 
Dienes-types with examples, 1,3 butadiene-Preparation, stability and mechanism of 
addition of HBr. Diels-Alder reaction. Conformational analysis of ethane. 
Cycloalkanes: Reactivity and relative stability. Bayer’s strain theory. Sachse-Mohr theory. 
Boat and chair forms of cyclohexanes. Axial and equatorial bonds and their relation with 
biological activities of carbohydrates. 
Arenes: Structure of benzene by resonance and molecular orbital theories. Aromaticity. 



 

Mechanism of Nitration and Friedel craft reaction. Electronic interpretation of the 
orientating influence of substituents in the electrophilic substitution of toluene, 
chlorobenzene, nitrobenzene and phenol. Resonance structures of naphthalene and 
anthracene. 
 
UNIT III: Alkyl halides and organomatellic compounds  
SN1 and SN2 reaction, their mechanism with one example for each. Concept of elimination 
reactions, Applications of organometallic compounds-organo lead, organo lithium, cis-
platin. 
Alcohols: Definition, classification, monohydric alcohols-distinguishing reactions for 
primary, secondary and tertiary alcohols. Dihydric alcohols: Glycol, preparation (any 2 
methods) and uses. Trihydric alcohols: Glycerol, synthesis from propene, properties, 
(reaction with conc. H2SO4, HNO3, Oxalic acid and HI). Phenols: Acidity of phenols, effect of 
substituent on acidity. 
Hydroxy acids and dicarboxylic acids: Structure & properties ofhydroxy acids: Lactic 
acid, citric acid and isocitric acid. Dicarboxylic acid: Maleic and fumaric acid. Ketoacids: 
Pyruvic, α-ketoglutaric, oxalo acetic acids.  
 
UNIT IV: Amines  
Classification, properties, functional amino group-Basicity of amines, acylation. React with 
HNO2& Schiff’s base formation. Distinguishing reactions of primary, secondary and tertiary 
amines. 
Heterocyclic compounds: Definition, classification with examples, structure and 
biological importance of furan, pyrrole, thiophene, pyridine, pyran, thiazole, pyrimidine, 
purine, indole, imidazole, quinoline and isoquinoline. Basicity of pyrrole and pyridine. 
Terpenes: Definition, isoprene rule, classification, isolation, structure and biological 
importance of menthol, camphor, farnesol, phytol, lanosterol, lycopene and dolichols. 
Steroids: Basic ring structure in steroids. Structure and biological importance of 
cholesterol, phytosterols and ergosterol. Bile acids (Mono, Di & Tri cholic acids). 
Alkaloids: Definition, classification based on their structure and biological functions, 
isolation, structure and biological action of morphine, nicotine & atropine. Chemical 
synthesis of nicotine and atropine. 
 
UNIT V: Stereochemistry  
Stereoisomerism, types, Fischer-projection formulae, chiral carbon atom, asymmetry and 
dissymmetry, chirality, conditions for optical isomerism ex: glyceraldehyde, lactic acid, 
tartaric acid, Nomenclature of enantiomers, diastereomers. D and L notation, R and S 
system, racemisation and resolution (Biochemical, chemical and physical methods). 
Geometrical isomerism. 
 



 

 
Recommended Books/References:  

1. ArunbBahl and B. S. Bahl: Advanced Organic Chemistry, S. Chand. (2019) 
2. L. Finar:Organic Chemistry (Vol. I & II), E. L. B. S. (2002) 
3. R. T. Morrison & R. N. Boyd: Organic Chemistry, Prentice Hall. (2011) 

 
Course outcomes 
 

 On completion of this course, students will understand the significance of organic 
reactions with reference to biological systems, chemical bonding in various 
biomolecules, strong and weak interactions.  

 They will gain a good understanding of aliphatic and aromatic compounds, IUPAC 
nomenclature, reactivity of functional groups and the importance of stereoisomers 
in biological systems.  

 Students will understand the formation of polymers and their importance; 
difference between biodegradable and non-biodegradable polymers and biohazards 
of polymers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Subject II  
Minor 

Practical 
Bioorganic Chemistry  

 
Course objective 
 

 Analyse common organic reagents and compounds based on their properties. 
 Analyse organic compounds from unknown mixture/origin. 
 Apply the properties of functional groups of organic compounds to carry out 

selective organic reactions. 
 Verify reactivity of organic functional groups. 
 Develop skills to prepare useful organic compounds in the laboratory. 

 
Practical content: 
 
Systematic qualitative analysis of the organic compounds: 
Urea, benzamide, benzaldehyde, aniline, acetophenone, m-cresol, nitrobenzene, 
chlorobenzene, naphthalene, p-toluidine, benzoic acid, salicylic acid, resorcinol, benzyl 
alcohol and p-dichoro benzene. 
 
Organic preparations: Aspirin from salicylic acid, benzoic acid from benzaldehyde, p-
bromo acetanilide from acetanilide and meta-dinitrobezene from nitrobenzene. 

 
Course outcomes: 

 Students will analyze the properties of common organic reagents and compounds, 
carry out 

 Selective reactions of organic functional groups and verify reactivity of organic 
functional groups. 

 
 
 
 
 
 
 

 



 

Subject III 
Generic Elective Course 

Semester - II 
Biochemical basis of Diseases  

 
Course objectives 

 To know the Students will get acquainted with various types of  human diseases and 
their biochemical basis.  

 Student knows about disorders due to improper dietary constituents. Therefore 
students will get curiosity to have balanced diets to prevent many nutritional 
disorders/diseases. 

 They will acquire a good understanding of biochemical basis of diseases related to 
inherited metabolic disorders, digestive and infectious diseases.  

 They will learn microbial diseases and pathogencity along with protection.  
 

Unit-1: Inborn Errors of Metabolism  
Phenylketonuria, alkaptonuria, albinism, tyrosinosis, maple syrup urine disease, Lesch-
Nyhan syndrome, sickle cell anemia, Histidinemia. 
Unit-2: Disorders of Carbohydrate Metabolism  
Diabetes mellitus, glycogen storage diseases, pentosuria, galactosemia. 
Unit-3: Disorders of Lipids  
Hyperlipidemia, hyperlipoproteinemia, Gaucher’s disease, Tay-Sach’s and Niemann-Pick 
disease, ketone bodies, Abetalipoproteinemia. 
Digestive diseases: Maldigestion, malabsorption, creatorrhoea, diarrhoea and  
steatorrhoea. 
Unit-4: Disorders of liver and kidney  
Jaundice, fatty liver, hepatitis 
Haemorrhagic disorders: Haemophilia, Anaemias, thrombotic thrombocytopenic purpura 
(TTP). 
Unit-5: Infectious diseases  



 

Bacterial infections: Tetanus, Diphtheria, Tuberculosis, Typhoid, Cholera. Viral infection: 
Polio, Measles, Mumps, influenza, HIV. Protozoan: Malaria and Trypanosomiasis. Parasitic 
infection: Leishmaniasis.  
Recommended Books/References:  

1. Biochemistry (2013) 4th edn., Voet, D., Voet, J. & Pratt, C. Wiley & Sons, Inc. (New Jersey), ISBN:978-1-
11809244-6. 

2. Biochemistry (2012) 7th edn., Berg, J.M., Tymoczko, J. L. and Stryer, L., W.H Freeman and Company 
(New York) 

3. Textbook of Biochemistry with Clinical Correlations (2011) Devlin, T.M. John Wiley & Sons, Inc. (New 
York) 

4. Klein’s Microbiology, (2008) 7 ed., Prescott, Harley, Wiley, J.M. Sherwood, 
5. L.M. Woolverton, C.J. McGraw Hill International Edition (New York) ISBN: 978-007- 126727. 

 
Course outcomes 

 Students will get acquainted with various types of human diseases and their 
biochemical basis.  

 They will know about disorders due to improper dietary constituents. Therefore 
students will get curiosity to have balanced diets to prevent many nutritional 
disorders/diseases.  

 Students will acquire a good understanding of biochemical basis of diseases related 
to inherited metabolic disorders, digestive and infectious diseases.  

 They will learn pathogenicity and prevention measures for microbial diseases. 
 
 
 
 
 
 
 
 
 



 

Generic Elective Course  
Practical  

Biochemical Basis of Diseases 
Semester-II  

 
Course Objectives 

 Students will acquire practical training for estimation of clinically important 
compounds. 

 The students to perform diagnostic tests for the various diseases related to varying 
levels of these compounds/chemicals/ biomolecules  

 They will be updated with routine checkup parameters such as blood pressure, BMI, 
Waist/Hip Ratio, Mid Arm Area (MAA) for a normal or diseased person. 

 
Practical content: 

1. Estimation of blood glucose 
2. Estimation of serum cholesterol 
3. Measurement of blood pressure, BMI, Waist/Hip Ratio, Mid Arm Area (MAA). 
4. Estimation of Haemoglobin 
5. Estimation of calcium 
6. Gram staining of bacteria and identification of bacteria 

 
Course outcomes: 

 Students will acquire practical training for estimation of clinically important 
compounds like blood glucose, serum cholesterol, hemoglobin, calcium, etc.  

 This will enable the students to perform diagnostic tests for the diseases related to 
varying levels of these compounds/chemicals.  

 They will also get acquainted with routine checkup parameters such as blood 
pressure, BMI, Waist/Hip Ratio, Mid Arm Area (MAA) for a normal or diseased 
person. 

 
 


















































































































