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	Semester
	Course
	Paper


	Nomenclature of paper
	Credits

(6)
	Internal marks
	End Term Marks
	Total Marks
	Exam Duration

(hours)
	Contact Hours

	1
	CC-1
	B-BCH-N101
	Bioorganic Chemistry-I 
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N102
	Bioorganic Chemistry-II 
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N103
	Bioorganic Chemistry - Practicals
	2
	25
	25
	50
	3
	4

	2
	CC-2
	B-BCH-N201
	Enzymes-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N202
	Enzymes-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N203
	Enzymes-practicals
	2
	25
	25
	50
	3
	4

	3


	CC-3
	B-BCH-N301
	Metabolism-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N302
	Metabolism-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N303
	Metabolism-practicals
	2
	25
	25
	50
	3
	4

	4
	CC-4
	B-BCH-N401 
	Molecular Biology-I  
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N402
	Molecular Biology-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N403
	Molecular Biology-practicals
	2
	25
	25
	50
	3
	4

	5

(Choose one DSE from given options)


	CC-5

(For Honors Only)
	B-BCH-N501
	Recombinant DNA technology - I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N502
	Recombinant DNA technology - II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N503
	Recombinant DNA technology - Practical 
	2
	25
	25
	50
	3
	4

	
	DSE-1
	B-BCH-N504
	Plant Biochemistry-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N505
	Plant Biochemistry-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N506
	Plant Biochemistry-Practical
	2
	25
	25
	50
	3
	4

	
	DSE-2
	B-BCH-N507
	Clinical Biochemistry-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N508
	Clinical Biochemistry-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N509
	Clinical Biochemistry-Practicals
	2
	25
	25
	50
	3
	4

	
	DSE-3
	B-BCH-N510
	MOOC*

(From Swayam Portal)
	*
	*
	*
	*
	*
	*

	
	SEC-1
	B-BCH –S1
	Tools & Techniques in Biochemistry 
	2
	25
	25
	50
	3
	2

	
	
	B-BCH –SP1
	Tools & Techniques in Biochemistry - Practical
	4
	50
	50
	100
	3
	8

	
	

	6

(Choose one DSE from given options)

(Opt  SEC - Major with 

Biochem 

if not opted in 5th Sem)
	CC-6

(For Honors Only)
	B-BCH-N601
	Immunology-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N602
	Immunology-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N603
	Immunology-Practicals
	2
	25
	25
	50
	3
	4

	
	DSE-4
	B-BCH-N604
	Nutritional Biochemistry-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N605
	Nutritional Biochemistry-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N606
	Nutritional Biochemistry-Practical
	2
	25
	25
	50
	3
	4

	
	DSE-5
	B-BCH-N607
	Cell Culture –I 
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N608
	Cell Culture –II 
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N609
	Cell Culture-Practicals
	2
	25
	25
	50
	3
	4

	
	DSE-6
	B-BCH-N616
	MOOC*

(From Swayam Portal)
	*
	*
	*
	*
	*
	*

	
	SEC-1
	B-BCH –S1
	Tools & Techniques in Biochemistry 
	2
	25
	25
	50
	3
	2

	
	
	B-BCH –SP1
	Tools & Techniques in Biochemistry - Practical
	4
	50
	50
	100
	3
	8

	
	

	7
	CC-5

(For Non-Honors Students Only)
	B-BCH-N501
	Recombinant DNA technology - I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N502
	Recombinant DNA technology - II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N503
	Recombinant DNA technology - Practical 
	2
	25
	25
	50
	3
	4

	
	RAEC
	B-BCH -N701
	Research  Ethics
	4
	50
	50
	100
	3
	4

	
	
	B-BCH -N702
	Research Methodology
	4
	50
	50
	100
	3
	4

	
	Research Progression Seminar
	B-BCH-N703
	Review of Literature - Seminar 
	4
	50
	50
	100
	3
	4

	
	
	B-BCH-N704
	Synopsis writing and seminar
	4
	50
	50
	100
	3
	4

	8
	CC-6

(For Non-Honors Students Only)
	B-BCH-N601
	Immunology-I
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N602
	Immunology-II
	2
	25
	25
	50
	3
	2

	
	
	B-BCH-N603
	Immunology-Practicals
	2
	25
	25
	50
	3
	4

	
	RAEC
	B-BCH-N801
	Research (Dissertation/Thesis)
	20
	
	
	500
	
	

	
	Research Progression Seminar
	B-BCH-N802
	Mid-term seminar
	2
	
	
	50
	
	1

	
	
	B-BCH-N803
	Pre-submission Seminar
	2
	
	
	50
	
	1

	Notes:

· Core Courses (CC); Discipline Specific Elective (DSE); Skill Enhancement Courses (SEC); RAEC (Research Ability Enhancement Course)

· Major, Minor and DSE options will be offered depending upon the availability of faculty/infrastructure /timetable of the Institute/College.

· CC-5 and CC-6 are honors courses to be taken if students opt for Honours course in 3rd year and will have to be taken compulsorily by the students opting for 4th year of the programme (Honors and Research) if these courses are not completed earlier.

· Each candidate shall be examined in the courses through a system of Comprehensive Continuous Assessment using a mix of Internal and End term evaluation. The Internal Assessment and End term evaluation for different courses of programme shall carry weight-age of 50% each. 

· Internal assessment (50%) shall be based on clearly defined components of class attendance and participation (10%), mid term exam of 2 hour duration (30%) and assignments-presentations (10%) of the credit (approved by staff council) and the rest (50 %) through End term Examination.

· All the field work, Internship, dissertation/thesis will be effected through guided learning by allotting a teacher as guide to every student.

· Students can opt exit only after completing internship after 2nd semester and earn a Certificate. Internship@10 credits (450hours) after 2nd sem.

· Continuing students can do internship after 4th semester.Internship@10 credits (450hours) after 4th semester (compulsory for all)


Programme Outcomes (POs) for UG courses of Faculty of Life Sciences

1. To develop skills in graduate students to be able to acquire theoretical and practical knowledge in fundamentals of biology in respective disciplines of plants, animals, microbes and environment.

2. To inculcate ability to critically evaluate problems and apply lateral thinking and analytical skills for professional development.

3. To create awareness on ethical issues and adoption of good laboratory practices and biosafety.

4. To develop ability in youth for understanding basic scientific learning and effective communication skills.

5. To prepare youth for career in teaching, industry, government organizations and self reliant entrepreneurship.

6. To make students aware of natural resources and environment and its sustainable utilization.

7. To provide learning experience in students that instills deep interest in biological science for the benefit of society.

Programme Specific Outcomes (PSOs) for Under-Graduate Programme of course Biochemistry 

After the successful completion of the course the student will be able to

1. PSO1- To demonstrate the knowledge and understanding of biochemistry, structure and function of biological molecules, biological mechanisms, such as the processes and control of bioenergetics and metabolism, as chemical reactions

2. PSO2- critically think and correlate the biochemical knowledge day to day routine to improve quality of life in person & community in general  

3. PSO3- Demonstrate and understanding of the principles of biochemical techniques and exhibit basic professional skills pertaining to biochemical analysis carry out laboratory-orientated numerical calculations and analyze biochemical data (e.g. in enzyme kinetics, molecular structure analysis, clinical analysis, immunological inferences)   

4. PSO4- demonstrate the scientific writing and authentic reporting, effective presentation skills and ability to work in a group in collaboration and with cooperation

	CORE COURSE - BIOCHEMISTRY-1

Bioorganic Chemistry-I & II

	CO#
	After the successful completion of the course the student will be able to

	101.1
	Describe the basic chemistry including types of organic reactions and concept of isomerization

	101.2
	Describe the properties of water; physiological buffers; Classify, define and explain various properties of carbohydrates and correlate them to their functions.

	102.1
	Classify, define, draw structures and explain functions of various types of lipids:  Illustrate various parameters of characterization of lipids.

	102.2
	Classify, draw structures of standard amino acids, explain chemical and physical properties of amino acids; Explain the characteristics and draw structures of various types of nucleic acids

	103.1
	Prepare various types of solutions used in qualitative and quantitative biochemical estimations

	103.2
	Analyse the unknown samples qualitatively for the presence of various biomolecules


	CORE COURSE-BIOCHEMISTRY-1

Bioorganic Chemistry-I & II

	CO#
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PSO1
	PSO2
	PSO3
	PSO4

	
	Knowledge
	Critical evaluation, lateral thinking, analytical skills
	Ethics/

Good Laboratory Practices/ Biosafety
	Scientific learning/Effective communication
	Preparation for career
	Awareness of natural resources and Environment
	Society benefit
	Biochemical Structure, function and mechanism
	Techniques and applications in improving QOL
	Biochemical data analysis
	Scientific Writing and group working

	101.1
	3
	3
	2
	3
	3
	3
	2
	3
	3
	2
	3

	101.2
	3
	3
	1
	3
	3
	3
	3
	3
	3
	2
	3

	102.1
	3
	3
	2
	3
	3
	3
	3
	3
	3
	2
	3

	102.2
	3
	3
	1
	3
	3
	3
	3
	3
	3
	2
	3

	103.1
	3
	3
	3
	3
	3
	2
	2
	1
	3
	3
	3

	103.2
	3
	3
	3
	3
	3
	3
	2
	3
	3
	3
	3

	Average
	3
	3
	2
	3
	3
	2.83
	2.5
	2.66
	3
	2.33
	3


	CORE COURSE - BIOCHEMISTRY-2

ENZYMES I & II

	CO#
	After the successful completion of the course the student will be able to

	201.1
	Describe different classes of proteins and explain different levels of structural organization in protein architecture; define various characteristics of enzymes and classify them

	201.2
	Elaborate the role of cofactors in enzyme catalysis and correlate the structure of enzymes to their functions and mechanism of enzyme catalysis

	202.1
	Exhibit the knowledge of enzyme kinetics of unisubstrate reactions, various kinetics parameters (Km, Vmax etc.) and describe different types of enzyme inhibitions.

	202.2
	Correlate different ways of enzyme regulation to cellular metabolism: discuss and analyze the industrial importance of enzymes and the techniques to use them.

	203.1
	Extract and quantitatively estimate the enzyme activity and protein content of the samples

	203.2
	Exhibit skills in studying various characteristics of enzymes like pH optima, temperature optima, Km, Vmax 


	CORE COURSE-BIOCHEMISTRY-2

ENZYMES-1 & II

	CO#
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PSO1
	PSO2
	PSO3
	PSO4

	
	Knowledge
	Critical evaluation, lateral thinking, analytical skills
	Ethics/

Good Laboratory Practices/ Biosafety
	Scientific learning/Effective communication
	Preparation for career
	Awareness of natural resources and Environment
	Society benefit
	Biochemical Structure, function and mechanism
	Techniques and applications in improving QOL
	Biochemical data analysis
	Scientific Writing and group working

	201.1
	3
	3
	1
	3
	3
	3
	3
	3
	2
	2
	3

	201.2
	3
	3
	1
	3
	3
	3
	3
	3
	3
	3
	3

	202.1
	3
	3
	1
	3
	3
	3
	3
	3
	3
	2
	3

	202.2
	3
	3
	3
	3
	3
	3
	3
	3
	3
	2
	3

	203.1
	3
	3
	3
	3
	3
	1
	1
	2
	3
	3
	3

	203.2
	3
	3
	3
	3
	3
	1
	1
	3
	3
	3
	3

	Average
	3
	3
	2
	3
	3
	2.33
	2.33
	2.83
	2.83
	2.5
	3


Semester – I 

	Course
	Paper
	Nomenclature of paper
	Credits
	Internal Marks
	External Marks
	Total marks
	Exam. duration
	Hours/week

	CC-I Biochemistry
	B-BCH-N101
	Bioorganic Chemistry-I


	2
	25
	25
	50
	3 hrs
	2


Learning Outcomes: After the successful completion of the course the student will be able to

101.1 Describe the basic chemistry including types of organic reactions and concept of isomerization 

101.2 Describe the properties of water; physiological buffers; Classify, define and explain various properties of carbohydrates and correlate them to their functions.

Approaches to teaching

Lectures, Chalk and board teaching, power point Presentations, models, Group Discussion

Requirements

Regular attendance and active participation during the course; Books and reference material; assignments and presentations etc

Evaluation

The performance of the students will be evaluated against the expected learning course outcomes on the basis of class participation, regularity, house tests, quiz and assignments carrying 20 percent of the marks and the rest through Terminal Examination

Mode of paper setting
Seven questions will be set in all. Question No.1 comprising of objective/short answer type questions from the entire syllabus, will be compulsory.  The remaining six questions will be set taking three questions from each section.  The candidates will be required to attempt Q.No.1 & four others selecting two questions from each section. All questions carry equal marks. 
SECTION -A

Fundamentals of Bio-Organic Chemistry

Mechanism of Organic Reactions: Curved arrow notation, drawing electron movements with arrows, half-headed and double-headed arrows, homolytic and  heterolytic bond breaking. Types of reagents–electrophiles and nucleophiles.Types of organic reactions (Substitution, Addition, Elimination, Rearrangement etc.). Reactive intermediates: Carbocations, carbanions, free radicals, carbenes (structure & stability). Concept of isomerism: Types of isomerism, Optical isomerism, elements of symmetry, molecular chirality, enantiomers, stereogenic centre, optical activity, properties of enantiomers, chiral and achiral molecules with two stereogenic centres, diastereomers and  mesocompounds (tartaric acid and 2,3-dichlorobutane), Relative and absolute configuration, CIP rules, R & S nomenclature. Geometric isomerism: Configuration of geometric isomers. Cis-Trans and E & Z nomenclature, Conformational analysis of ethane, n-butane and cyclohexane.

SECTION -B

Water and Buffers: Structure, hydrogen bonding, solvent properties, and ionization, , Weak acids and bases, ionization of weak acids, titration of weak acid by a strong base, pH, buffers, Henderson-Hasselbalch equation and physiological buffers; phosphate, bicarbonate, hemoglobin buffer system

Carbohydrates: Definition and classification.  Monosaccharides:  Structure occurrence; Stereoisomerism; Mutarotation; Reactions: oxidation, reduction, periodic acid oxidation, reactions with hydrazine, hydroxylamine, action of acids & alkalies, formation of glycosides and esters. Important derivatives of monosaccharides: deoxy sugars and amino sugars. of important Disaccharides: Structure and occurrence. Polysaccharides: Structure and occurrence of starch, glycogen, cellulose, chitin, glycosaminoglycans & proteoglycans. Importance of carbohydrates in day to day life

Suggested reading

1. Bioorganic Chemistry: A Chemical Approach to Enzyme Action, H.Dugas and C. Penny, Springer-Verlag 

2. Lehninger: Principles of Biochemistry, 7th edition, by David L. Nelson and M M Cox (2017), Macmillan / Worth publishers/ W H Freeman and Company 

3. Biochemistry, 6th edition, by R H Garrett and C M Grisham (2017), Saunders College Publishing, New York.

4. Fundamentals of Biochemistry: Life at the Molecular Level, 5th Edition, by Donald Voet, Judith G Voet, Charlotte W. Pratt (2016).  John Wiley & Sons, NY  

5. Outlines of Biochemistry, 5th Ed: E.E.Conn, P.K.Stumpf, G. Bruenimg and Ray H.Doi (2006), John Wiley

6. Fundamental of Biochemistry (2016), by J.L. Jain, Sanjay Jain, Nitin Jain, S. Chand & Co. Publication.

Semester – I 

	Course
	Paper
	Nomenclature of paper
	Credits
	Internal Marks
	External Marks
	Total marks
	Exam. duration
	Hours/week

	CC-I Biochemistry
	B-BCH-N102
	Bioorganic Chemistry-II


	2
	25
	25
	50
	3 hrs
	2


Learning Outcomes: On successful completion of the course the student will be able to

102.1Classify, define, draw structures and explain functions of various types of lipids:  Illustrate various parameters of characterization of lipids.

102.2 Classify, draw structures of standard amino acids, explain chemical and physical properties of amino acids; Explain the characteristics and draw structures of various types of nucleic acids; 

Approaches to teaching

Lectures, Chalk and board teaching, power point Presentations, models, Group Discussion

Requirements

Regular attendance and active participation during the course; Books and reference material; assignments and presentations etc

Evaluation

The performance of the students will be evaluated against the expected learning course outcomes on the basis of class participation, regularity, house tests, quiz and assignments carrying 20 percent of the marks and the rest through Terminal Examination

Mode of paper setting
Seven questions will be set in all. Question No.1 comprising of objective/short answer type questions from the entire syllabus, will be compulsory.  The remaining six questions will be set taking three questions from each section.  The candidates will be required to attempt Q.No.1 & four others selecting two questions from each section. All questions carry equal marks. 
SECTION – A

Lipids: Definition and classification. Fatty acids: introduction, classification, nomenclature, structure and properties of saturated and unsaturated fatty acids.  Essential fatty acids. Waxes, Triacylglycerols: physical and chemical properties. Characterization of fats: Saponification values, iodine value, rancidity of fats, Reactions of glycerol.  Structure of glycerophospholipids (lecithin, cephalin, phosphatidylserine, phosphatidylinositol), sphingolipids and glycolipids (cerebrosides), Structure  of steroids (cholesterol, bile acids). Structure of isoprenoids and prostaglandins. Biological importance of lipids in day to day life

SECTION – B

Nucleic acids: Structures of purines and pyrimidines, nucleosides and nucleotides in RNA and DNA, generalized structural plan of nucleic acids, nomenclature used in writing structure of nucleic acids, features of DNA double helix and forces stabilizing DNA double helix. A, B and Z-DNAs. Chargaff’s rules (brief).  Structure and roles of different types of RNA (mRNA, tRNA, rRNA). Central dogma of molecular biology. 

Amino Acids: Introduction, classification based on shape, composition and functions. Common structural features, stereoisomerism and RS system of designating optical isomers, classification and structures of standard amino acids as Zwitter ion in aqueous solutions, titration of amino acids,  essential amino acids and non protein amino acids. Biological function of amino acids
Suggested reading

1. Lehninger: Principles of Biochemistry, 7th edition, by David L. Nelson and M M Cox (2017), Macmillan / Worth publishers/ W H Freeman and Company 

2. Biochemistry, 6th edition, by R H Garrett and C M Grisham (2017), Saunders College Publishing, New York.

3. Fundamentals of Biochemistry: Life at the Molecular Level, 5th Edition, by Donald Voet, Judith G Voet, Charlotte W. Pratt (2016).  John Wiley & Sons, NY  

4. Outlines of Biochemistry, 5th Ed: E.E.Conn, P.K.Stumpf, G. Bruenimg and Ray H.Doi (2006), John Wiley

5. Fundamental of Biochemistry (2016), by J.L. Jain, Sanjay Jain, Nitin Jain, S. Chand & Co. Publication.

6. Harpers Illustrated Biochemistry, 31st edition, Peter J. Kennelly, P. Anthony Weil, Victor W Rodwell, David A. Bender, Kathleen M. Botham (2018) McGraw Hill Educations Publishers.

Semester – I 

	Course
	Paper
	Nomenclature of paper
	Credits
	Internal Marks
	External Marks
	Total marks
	Exam. duration
	Hours/week

	CC-I Biochemistry
	B-BCH-N103
	Bioorganic Chemistry- Practicals


	2
	25
	25
	50
	3 hrs
	2


Learning Outcomes: On successful completion of the course the student will be able to

103.1 Prepare various types of solutions used in qualitative and quantitative biochemical estimations

103.2 Analyse the unknown samples qualitatively for the presence of various biomolecules

Approaches to teaching

Instructions, Chalk and board teaching, demonstrations, models, practical and practice

Requirements

Regular attendance and active participation during the course; reference material; laboratory equipments, glassware and chemicals 

Evaluation

The performance of the students will be evaluated against expected learning course outcomes on the basis of class participation, regularity, performance in lab practicals, records and viva voce.

Practicals:

1 Preparation of normal, molar and percent solutions. .

2 Preparation of buffer solutions (using buffer tables) and determination of their pH.

3 Qualitative tests for Carbohydrates  

4 Qualitative tests for lipids 

5 Estimation of acid value/saponification value of fat sample

6 Qualitative tests for amino acids 

Suggested reading

1. An introduction to Practical Biochemistry, by David Plummer (2017). Tata Mc-Graw Hill

2. Introductory Practical Biochemistry by S.K. Sawhney & R. Singh (2014).  Narosa Publishers

3. Walker J. and Wilson K (2010), Principles and Techniques-Practical Biochemistry, 7th Edition, Cambridge University Press, London.

4. Modern Experimental Biochemistry, 3rd edition, by R. Boyer, Addison-Wesley Longman.

Please add  in the mapping matrix.

Semester – II 

	Course
	Paper
	Nomenclature of paper
	Credits
	Internal Marks
	External Marks
	Total marks
	Exam. duration
	Hours/week

	CC-II Biochemistry
	B-BCH-N201
	ENZYMES-I 


	2
	25
	25
	50
	3 hrs
	2


.

Outcomes: After successful completion students will be able to

201.1 Describe different classes of proteins and explain different levels of structural organization in protein architecture; define various characteristics of enzymes and classify them 

201.2 Elaborate the role of cofactors in enzyme catalysis and correlate the structure of enzymes to their functions and mechanism of enzyme catalysis 

Approaches to teaching

Lectures, Chalk and board teaching, power point Presentations, models, Group Discussion

Requirements

Regular attendance and active participation during the course; Books and reference material; assignments and presentations etc

Evaluation

The performance of the students will be evaluated against the expected learning course outcomes on the basis of class participation, regularity, house tests, quiz and assignments carrying 20 percent of the marks and the rest through Terminal Examination

Mode of paper setting
Seven questions will be set in all. Question No.1 comprising of objective/short answer type questions from the entire syllabus, will be compulsory.  The remaining six questions will be set taking three questions from each section.  The candidates will be required to attempt Q.No.1 & four others selecting two questions from each section. All questions carry equal marks. 
SECTION - A

Peptides: structure of peptide bond,.  Determination of the amino acid sequence of a polypeptide chain. Protein structure: levels of structure in protein architecture (Primary, secondary, tertiary and quaternary structures of proteins), Ramachandran plot and forces stabilizing these structures. Denaturation and renaturation of proteins. Salting-in and salting-out of proteins. Biological functions of polypeptides and proteins

Enzymes: Historical perspectives, general characteristics, nomenclature & classification, significance of numbering system, holoenzyme, apoenzyme, coenzymes, cofactors, activators, inhibitors, active site, metallo-enzymes, isoenzymes, monomeric enzymes, oligomeric enzymes, multifunctional enzyme and multi-enzyme complexes.  Enzyme specificity (absolute, group and optical specificity), Three point attachment theory of enzyme specificity, Measurement and expression of enzyme activity: Enzyme assay, enzyme units, enzyme turn over number and specific activity

SECTION - B
Cofactors: NAD/NADP, FMN/FAD, coenzyme A, biocytin, Vitamin B12 Coenzyme, lipoamide, TPP, pyridoxal phosphate, tetrahydrofolate and metal ions with special emphasis on coenzyme functions.

Enzyme catalysis: Reaction co-ordinate diagram, transition state, Acid-base catalysis, covalent catalysis, proximity and orientation effects, strain and distortion theory. Mechanism of action of chymotrypsin and carboxypeptidase

Suggested reading

1. Structure and mechanism in Protein Science, by Alan Fersht (2017). World Scientific

2. Walker J. and Wilson K (2010), Principles and Techniques-Practical Biochemistry, 7th Edition, Cambridge University Press, London.

3. Enzymes: Biochemistry, Biotechnology and Clinical Chemistry by Trevor Palmer, Philip Bonner, East West Publishing.

4. Lehninger: Principles of Biochemistry, 7th edition, by David L. Nelson and M M Cox (2017), Macmillan / Worth publishers/ W H Freeman and Company 

5. Biochemistry, 6th edition, by R H Garrett and C M Grisham (2017), Saunders College Publishing, New York.

6. Fundamentals of Biochemistry: Life at the Molecular Level, 5th Edition, by Donald Voet, Judith G Voet, Charlotte W. Pratt (2016).  John Wiley & Sons, NY  

7. Fundamentals of Enzymology, 3rd edition, by Nicholas C. Price and Lewis Stevens (2009) Oxford U.

8. The Chemical Kinetics of Enzyme action by K.J. Laidler and P.S. Bunting, Oxford University Press London.

Semester – II 

	Course
	Paper
	Nomenclature of paper
	Credits
	Internal Marks
	External Marks
	Total marks
	Exam. duration
	Hours/week

	CC-II Biochemistry
	B-BCH-N202
	ENZYMES-II 


	2
	25
	25
	50
	3 hrs
	2


Learning Outcomes: After successful completion students will be able to

202.1 Exhibit the knowledge of enzyme kinetics of unisubstrate reactions, various kinetics parameters (Km, Vmax etc.) and describe different types of enzyme inhibitions. 

202.2 Correlate different ways of enzyme regulation to cellular metabolism: discuss and analyze the industrial importance of enzymes and the techniques to use them.

Approaches to teaching

Lectures, Chalk and board teaching, power point Presentations, models, Group Discussion

Requirements

Regular attendance and active participation during the course; Books and reference material; assignments and presentations etc

Evaluation

The performance of the students will be evaluated against the expected learning course outcomes on the basis of class participation, regularity, house tests, quiz and assignments carrying 20 percent of the marks and the rest through Terminal Examination

Mode of paper setting
Seven questions will be set in all. Question No.1 comprising of objective/short answer type questions from the entire syllabus, will be compulsory.  The remaining six questions will be set taking three questions from each section.  The candidates will be required to attempt Q.No.1 & four others selecting two questions from each section. All questions carry equal marks. 

SECTION-A

Enzyme Kinetics: Factors affecting enzyme activity- enzyme concentration, substrate concentration, pH and temperature. Derivation of Michaelis - Menten equation for uni-substrate reactions. Km and its significance. Lineweaver-Burk plot. Importance of Kcat/Km. Bi-substrate reactions- brief introduction of sequential and ping-pong mechanisms with examples. 

Reversible (competitive, non-competitive and uncompetitive inhibitions) and irreversible inhibition. Determination of Km & Vmax in the presence and absence of inhibitor. 
SECTION-B

Enzyme regulation: Feedback inhibition, Allosteric enzymes. Covalently modulated enzymes. Zymogen activation.

Immobilized enzymes: Advantages, methods of immobilization - Adsorption, ionic binding, covalent coupling, cross-linking, entrapment, microencapsulation etc. Applications of immobilized enzymes (A brief account). Industrial applications of enzymes (Production of glucose from starch, cellulose and dextran; use of lactase in dairy industry; production of glucose-fructose syrup from sucrose; use of protease in food, detergent and leather industry). 

Suggested reading

1. Structure and mechanism in Protein Science, by Alan Fersht (2017). World Scientific

2. Walker J. and Wilson K (2010), Principles and Techniques-Practical Biochemistry, 7th Edition, Cambridge University Press, London.

3. Enzymes: Biochemistry, Biotechnology and Clinical Chemistry by Trevor Palmer, Philip Bonner, East West Publishing.

4. Lehninger: Principles of Biochemistry, 7th edition, by David L. Nelson and M M Cox (2017), Macmillan / Worth publishers/ W H Freeman and Company 

5. Biochemistry, 6th edition, by R H Garrett and C M Grisham (2017), Saunders College Publishing, New York.

6. Fundamentals of Biochemistry: Life at the Molecular Level, 5th Edition, by Donald Voet, Judith G Voet, Charlotte W. Pratt (2016).  John Wiley & Sons, NY  

7. Fundamentals of Enzymology, 3rd edition, by Nicholas C. Price and Lewis Stevens (2009) Oxford U.

8. The Chemical Kinetics of Enzyme action by K.J. Laidler and P.S. Bunting, Oxford University Press London.

Please add  in the mapping matrix.
Semester – II 

	Course
	Paper
	Nomenclature of paper
	Credits
	Internal Marks
	External Marks
	Total marks
	Exam. duration
	Hours/week

	CC-II Biochemistry
	B-BCH-N203
	Enzymes - Practicals


	2
	25
	25
	50
	3 hrs
	2


Learning Outcomes: After successful completion students will be able to

203.1 Extract and quantitatively estimate the enzyme activity and protein content of the samples

203.2 Exhibit skills in studying various characteristics of enzymes like pH optima, temperature optima, Km, Vmax 

Approaches to teaching

Instructions, Chalk and board teaching, demonstrations, models, practical and practice

Requirements

Regular attendance and active participation during the course; reference material; laboratory equipments, glassware and chemicals 

Evaluation

The performance of the students will be evaluated against expected learning course outcomes on the basis of class participation, regularity, performance in lab practicals, records and viva voce.

Practicals: 

1. Verification of Beer- Lambert’s Law.

2. Protein estimation by biuret / Lowry’s method 

3. Assay of acid phosphatase activity from germinating mungbean seeds and calculation of its specific activity.

4. Effect of enzyme concentration on enzyme activity.

5. Effect of substrate concentration on acid phosphatase activity and determination of its Km value.

6. Demonstration of enzyme immobilization 

Suggested reading:

1. An introduction to Practical Biochemistry, by David Plummer (2017). Tata Mc-Graw Hill

2. Introductory Practical Biochemistry by S.K.Sawhney & R. Singh (2014).  Narosa Publishers

3. Walker J. and Wilson K (2010), Principles and Techniques-Practical Biochemistry, 7th Edition, Cambridge University Press, London.

4. Modern Experimental Biochemistry, 3rd edition, by R. Boyer, Addison-Wesley Longman.

