
Syllabus of Ph.D. (Course Work) 
Total Credits: 12 

(8 Credits compulsory + 4 Credits Optional) 

 CORE: any 1 or 4 (PMRF) from Broad Area of Research( 4 Credits each) 
 
 

S. No. Paper 

Code 

Paper Name Credits 

Compulsory Papers 

1. PPC01 Research Methodology 4 

2. PPC02 Research and Publication Ethics 2 

3. PPC03 Annotated Bibliography 2 

Optional Papers (Broad Area of Research) 

1. PPC04 Bioinformatics and Structural Biology 4 

2. PPC05 Medicinal Chemistry 4 

3. PPC06 Biophysical Techniques 4 

4. PPC07 Reproductive Toxicology 4 

5. PPC08 Data Analysis Techniques 4 

6. PPC09 Python Programming  4 

7. PPC10 Advancement in Protein Folding and 

Dynamics 

4 

8. PPC11 Nano-biotechnology 4 

9. PPC12 Molecular Virology 4 



PPC01:Research Methodology(4Credits) 

Unit1:ResearchDesignandDataCollectionandAnalysis (12L) 

Formulating the Research Topic/Question, Defining the Research Topic/Question, Approaches and 
Methodology for Research, Formulation of Hypothesis, Research Design, Hypothesis as a framework 
for scientific projects, Experimental design, covering exploratory, descriptive, experimental, quasi-
experimental, and mixed-method approaches. Research planning: formulating objectives, hypotheses, 
and defining variables. Primary and secondary data collection techniques: observation, interviews, 
surveys, case studies, and evaluating the reliability of secondary sources. Designing effective data 
collection tools: questionnaires, refining instruments, and conducting successful interviews. Survey: 
comparativestrengthofsurveyandexperiment,enablingappropriatemethodselection.Dataprocessing and 
analysis, analyzing data for meaningful interpretations. 

Unit2:BasicFunction,Errors,andDescriptive Analysis (12L) 

Fundamental mathematical functions: straight lines, parabolas, circles, polynomials, logarithmic, 
exponential, and trigonometric functions, 2-and 3-dimensional graphical representations. Concepts of 
error analysis: Absolute, approximate, relative, percentage relative, round-off errors, and standard 
error. Techniques for tabulating and organizing data into frequency distributions and presenting them 
graphically through histograms, polygons, ogive curves, and pie charts. Measures of central tendency 
(mean, median, mode, quartiles, deciles, percentiles) and measures of data deviation (range, 
interquartile range, mean deviation, standard deviation, variance, and coefficient of variation), 
methods to analyze and interpret data. Correlation and regression analysis. 

Unit3:ProbabilityDistributionandHypothesisTesting (12L) 

Types of Data: Descriptive vs. Analytical, Applied vs. Fundamental, Quantitative vs. Qualitative, 
Population vs. sample, Discrete vs. Continuous, Levels of Measurement, and Types of Sampling. 
Samplingand probabilitydistribution,definitions and basicconcepts of hypothesis testing, hypothesis 
testingprocedures,flowdiagramfor hypothesistesting, atestofhypothesis,importantparametrictest, t-test, 
z-test, and X2 test, limitation of test of hypothesis. Basic principles of Analysis of Variance, ANOVA 
Technique, Setting up Analysis of Variance Table, short-cut method for one-way ANOVA, Coding 
method, Two-way ANOVA, ANOVA in Latin-square design, analysis of covariance (ANCOVA), 
assumptions in ANCOVA. Hypothesis testing of Correlation and regression analysis. 

Unit 4:PropertiesofSolution (12L) 

Concentration units and their calculation, pH and its significance, Buffer and buffering capacity pH, 
Henderson-Hasselbalch equation for pH of acidic and basic buffer, Preparation and applications of 
buffer solutions in biological and chemical systems. Buffering capacity of amino acid, Goods buffer, 
acid-base equilibria: Titration curves for strong and weak acid/base titrations, Conductivity of 
solutions and factors affecting it, concept of solubility and affecting factors, Modern techniques for 
analyzing solutions. The isoelectric point of amino acid and protein, Estimation of protein and DNA 
concentrations. Preparation of protein solution, dialysis and filtration techniques. 

 
RecommendedBooks: 
1. C.R.Kothari,ResearchMethodology(MethodsandTechniques).NewAgeInternational 

Publisher. 
2. Spickard,J.V.,2016.Researchbasics:Designtodataanalysisinsixsteps.Sage Publications. 
3. Singh,Y.K.,2006.Fundamentalofresearchmethodologyandstatistics.NewAge 

International. 
4. Mittal,KashmiriLal,ed.SolutionChemistryofSurfactants:Volume1.Vol.1.Springer 

Science & Business Media, 2012. 
5. Rastogi,V.B.,2009.FundamentalsofBiostatistics2NdEd.ANEBooksPvtLtd. 
6. KoparkarA,PrashantP,MakhijaP,SinghES.ResearchMethodologyAndBasic 

Biostatistics. Academic Guru Publishing House; 2023 Oct 27. 



PPC02:ResearchandPublicationEthics(2Credits) 

Unit-I:PatentsandIPR (6L) 
Introduction to IPR, Types of IPR: Patents, Copyrights, Trademarks, Trade Secrets, Geographical 
Indications. IPR Protection Strategies: Filing patents, Copyright registration, Trademark registration, 
Patents:PatentableinventionsPatentabilitycriteria,Patentapplicationprocess,Patentinfringementand 
remedies.Copyright,Copyrightableworks,Copyrightinfringement,Copyrightlicensingandroyalties. 
Trademarks:Typesoftrademarks,Trademarkregistrationprocess,GeographicalIndication:Definition, 
Registration process, Protection of geographical indications, Introduction to GATT, WTO, WIPO, 
TRIPS 

Unit2:Researchsupportingtechniques (6L) 

Grant/Fellowship/Report writing, Manuscript Writing, book chapters, reviews, and Preparing for 
seminar presentations.Tools and methods for paper writing: Endnote, Mandely, Grammarly, Journal 
Finder, Plagiarism software, Open source software tools, etc. Formatting issues, Figure and Table 
representations.LiteratureSearch,Use of Databases andExperimental DesignDatabasesfor literature 
search,Indexingdatabases,Citationdatabases:WebofScience,Scopus,etc.,ResearchMetrics,Impact 
FactorofjournalasperJournalCitationReport,SNIP,SJR,IPP,CiteScore,Metrics:h-index,gindex, i10 
index, altmetrics. Predatory publishers and journals. 

Unit3:Ethicsand MisconductinScience (6L) 

Ethicswithrespecttoscienceandresearch:Intellectualhonestyandresearchintegrity; Responsibilities of a 
Researcher: Professional and ethical conduct in research, accountability, and data integrity. 
Maintenance of laboratorynotebooks; Publication misconduct: definition, concept, problems that lead 
to unethical behavior and vice versa, types. Scientific misconducts: Falsification, Fabrication, and 
Plagiarism (FFP); Redundant publications: duplicate and overlapping publications, salami slicing, 
Selectivereporting,andmisrepresentationof data.Best practicesandguidelines:COPE,WAME,etc., 
Conflicts of interest, Violation of publication ethics, authorship, and contributorship. Ethical Issues 
After Research: Data sharing, publication ethics, and post-research communication. 

Unit4:EthicsandResearchDesign (6L) 

Principles and importance of ethics in research. Biosafety and Bioethics: Definitions, principles, and 
importance. Animal Ethics in Experimental Research: Guidelines for humane treatment of animals in 
research. Institutional Animal Ethics Committee (IAEC): Composition, roles, and responsibilities. 
Human Ethics in Clinical Research: Overview of ethical principles (autonomy, beneficence, non-
maleficence, and justice), ICMR Guidelines for Research in Human Participants. Subject Information 
Sheet and Consent Process, Drug Trials: Phases of clinical trials, ethical considerations in drug 
development, ethical challenges in stem cell research. Biosafety: Safe handling and storage of 
biological materials, laboratory safety guidelines. Regulatory Issues in Biotechnology, Institutional 
Biosafety Committee (IBC): Roles and responsibilities. 

RecommendedBooks: 
 P.Chaddah,(2018)EthicsinCompetitiveResearch:DonotgetScooped;donotget 

Plagiarized, ISBN; 978-9387480865. 

 DeepaGoel,ShominiParashar(2013),IPR,BiosafetyandBioethics.ISBN:9789332514249, 
9332514240. Published by Pearson Education India. 

 EzekielJ.Emanuel,ChristineC.Grady,RobertA.Crouch,ReidarK.Lie,FranklinG.Miller, David 
D. Wendler. Oxford University Press, 18-Apr-2008 – ISBN: 0199721661, 9780199721665. 

 ParintekInnovations(2019)UnfoldingIntellectualPRopertyRights:APracticalPatentGuide 
forResearchers,Academiciansandstart-ups.ISBN:9781645465362,1645465365.Publisher: 
Notion Press. 



 
PPC03:Annotated Bibliography(2Credits) 

 
 
 

 
Review the research papers in his/her area of research. 



PPC04:BioinformaticsandStructuralBiology(4Credits) 

UnitI:MajorBioinformaticsResources 

Bioinformatics Databases and Tools, Nucleic Acid Sequence Databases: GenBank, EMBL, 
DDBJ, Protein. Sequence Databases: UniProt, PIR, High-Throughput Genomic Sequence 
Repositories: ENA, NCBI, Genome Databases: UCSC Genome Browser, Ensembl, Structure 
Databases:ProteinDataBank,ChemicalDatabases:PubChem,ChEMBL.SequenceAnalysis: File 
Formats for Biomolecular Sequences (FASTA, GenBank, etc.), Sequence Similarity, Identity, 
and Homology, Tools: BLAST, FASTA, PSI-BLAST, Sequence Patterns and Profiles: Motifs 
and their Representations, Phylogenetic Analysis: Basic Concepts of Taxonomy and 
Phylogeny, PHYLIP, MEGA, PAUP tools. 

UNIT-II:IntroductiontoStructuralBiology 

Structure-Function Relationships in Biomolecules, Hierarchy in Protein Structure: Primary, 
Secondary, Tertiary, and Quaternary Levels, Structural Features of Proteins: Peptide Bonds 
and Amino Acid Structural Implications. Protein Folding Forces, Domains, and Motifs, 
Ramachandran Plot: Conformational Maps for Glycine and Natural Amino Acids, Protein 
Structure in Drug Design and Protein Engineering, Mechanisms of Diseases and Structural 
Biology Applications in Biotechnology. 

UnitIIIStructuredeterminationandanalysis 

Crystallization Techniques: Methods for Macromolecular Crystallization, X-ray 
Crystallography Workflow: Data Collection and Phase Determination, Electron Density Map 
Generation and Refinement, Structure Validation Using PDB Resources, Protein Structure 
Prediction: Homology Modeling, Threading, and Ab Initio Techniques, Introduction to 
AlphaFold for Protein Structure Prediction. Structural Analysis Tools: Visualization and 
Classification of Protein Structures. Comparative Analysis and Function Prediction via 
Structural Data. 

UnitIV:Structure-baseddrugdesign anddiscovery 

Fundamentals of drug design using protein structures. Molecular Docking: rigid and flexible 
docking, algorithms, scoring functions, and analysis of docked complexes, AutoDock, Glide, 
etc. Protein-protein and protein-nucleic acid docking, applications in understanding 
biomolecular interactions. High-throughput and Virtual Screening, Drug Likeness Evaluation 
and QSAR Studies, and analysis of protein-ligand Interactions. Molecular dynamics (MD) 
simulations for protein flexibility and functionality studies. 

References: 
 

1. BaxevanisA.D.,DavisonD.B.,PageR.D.M.&PetskoG.A.CurrentProtocolsinBioinformatics. New 
York, John Wiley & Sons Inc., 2004. ISBN: 0555015254. 

2. Baxevanis Andreas D. Bioinformatics: A Practical Guide to the Analysis of Genes and Proteins, 
3rd Edition. Publisher: New York, John Wiley & Sons, Inc. 2002, ISBN: 9814126756. 

3. Bourne Philip E., Weissig Helge. Structural Bioinformatics (Methods of Biochemical Analysis, 
V. 44), 2003. Publisher: Wiley-Liss. ISBN: 0471202002. 

4. SternbergMichaelJ.E.ProteinStructurePrediction:APracticalApproach.Publisher:USA, Oxford 
University Press. 1997. ISBN: 0199634953. 

5. Discovering Genomics, Proteomics and Bioinformatics (2nd Edition) by A. Malcolm Campbell 
andLaurieJ.Heyer.PublishedbyColdSpringHarborLaboratoryPressandBenjaminCummings. 



PPC05:MedicinalChemistry(4Credits) 

 
UnitI:StereochemistryofOrganicCompounds [12 L] 

Symmetry properties of organic compounds, Chirality of organic compounds, chiral center, the 
configurationofchiralcenter,enantiomerism,diastereomerism,pseudoasymmetriccarbon.Homotopic 
andheterotopicligandsandfaces,Prochiralityofcenterandfaces,Stereochemistryof naturalproducts 
asexemplifiedbythestudyofthestereochemistryofmenthol,Conformationalconcepts,conformations of 
acyclic molecules, cyclohexane, and mono, disubstituted cyclohexane, conformational effect on 
physical properties of the molecules. Heterocyclic compounds: Heterocyclic ring systems with one 
heteroatom:structure,synthesis,andreactionsofaziridine,oxirane,thiranes,pyrrole,furan,thiophene, 
lactam, and pyridine. 

UnitII:Quantitativestructure-activityrelationships [12 L] 

Screening of natural products, isolation and purification, structure-activity relationships, the binding 
role of hydroxyl groups, amino groups, aromatic rings, double bonds, synthetic analog, and lead 
compounds. A case study—oxamniquine. Introduction, physicochemical properties, hydrophobicity, 
electronic effects, steric factors, other physicochemical parameters, bioisosteres, relating shape and 
electronic distribution to biological activity, planning a QSAR study. Drug Metabolism: Phase I 
metabolism and Phase II metabolism, Prodrug Design: Bioprecursor prodrugs and Carrier-linked 
prodrugs. 

UnitIII:AppliedMedicinal Chemistry [12 L] 

Molecular Recognition in Drug-Receptor Binding: Molecular forces, Binding energetics, Enzyme 
Inhibitors. Antibacterial Drugs: Major drug classes, Drug resistance mechanism, Antiviral Drugs: 
Descriptionofviruses,Majordrugclasses,Drugresistance.AnalgesicDrugs,AnticancerDrugs:Major 
cancer drug targets, MOA of anticancer drugs, Drug resistance, Anesthetics (general, local), 
Neurotransmitters (adrenergic, cholinergic effects; psychopharmacology), CNS depressants 
(sedative/hypnotic, major/minor tranquilizers), CNS stimulants, Steroids, peptide synthesis. 

 
UnitIV:ChemistryofNaturalProducts [12 L] 

General methods for Isolation, Purification, Identification & Standardization of Natural Products. 
Carbohydrates: Introduction, stereoisomerism, mutarotation, configuration & ring structure of 
monosaccharides(glucose),Structureelucidationofdisaccharides(Sucrose,lactose)&polysaccharides 
(starch).Alkaloids:Classification,Isolation,andPurification.Structureelucidationofatropine,quinine, 
cinchonine and morphine. Terpenoids: Isolation, Purification, and Structure elucidation of Citral, 
Menthol & Camphor. Steroids: Isolation, purification & structure elucidation of sterols with special 
reference to cholesterol. Glyceosides: Classification, structure elucidation of Anthraquinone & 
Cardioglycoside. Flavonoids and Coremarious 

 
Recommendedbooks: 

 GrahamL.Patrick,AnIntroductiontoMedicinalChemistry,Thirdedition,Oxford. 
 PrinciplesofMedicinalChemistry,Foye’s,ThomasLLemke,sixthedition. 
 Abraham,DonaldJ.,andDavidP.Rotella,eds."Burger'smedicinalchemistryanddrug 

discovery." (2003): 847-900. 
 Kadam,S.S.,&Bothara,K.G.(2013).PrinciplesofMedicinalChemistryVolume-I(Vol.1). Pragati 

Books Pvt. Ltd. 
 Patrick,G.L.,2023.Anintroductiontomedicinalchemistry.Oxforduniversitypress. 
 Ekinci,D.ed.,2012.Medicinalchemistryanddrugdesign.BoD–Bookson Demand. 



PPC06:Biophysical Techniques(4credits) 

 
Unit-I:Spectroscopic microscopic techniques [12 L] 

UV-Visible Spectroscopy: Principles, instrumentation, and applications in quantitative analysis of 
biomolecules. Fluorescence Spectroscopy: Fluorophores, Förster resonance energy transfer (FRET), 
and fluorescence quenching. Circular Dichroism (CD) and Optical Rotatory Dispersion (ORD): 
Analysis of protein secondarystructure. Infrared (IR) and Raman Spectroscopy: Structural analysis of 
biomolecules. Mass Spectrometry: Principles, ionization techniques (MALDI-TOF, ESI), and 
applications in proteomics and metabolomics. 

Unit-II: Microscopic techniques [12 L] 

Reviewoflightmicroscope,resolutionofmicroscopes,Opticalcontrast,phasecontrast,anddarkfield 
microscopy, preparation of specimen for biochemical investigations. Electron microscopy; Working 
principleandapplications,specimensforelectronmicroscopy,fixatives,immune-goldmicroscopyand its 
advantages. Metal shadowing, design and applications of scanning electron microscopy (SEM), 
Transmission electron microscopy (TEM), and cryo-electron microscopy. Fluorescence Microscopy: 
Fluorophores, principle and applications of fluorescence microscopy, design and uses. 

UnitIII:Biophysical and biochemical techniques [12 L] 

Surfacetension,viscosity,Contactangle,Conductivity,Refractiveindexforsolute-solventinteractions, 
Electroosmosis, Differential Scanning calorimetry, Isothermal titration calorimetry, TGA, Estimation 
of proteins by various methods, Principles and applications of Cyclic voltammetry, Impedance 
spectroscopy.Definitionofviscositycoefficient,Stroke’slawandterminalvelocity.Determinationof 
viscosity coefficient of liquids, Relation between intrinsic viscosity and molecular weight, dynamic 
light scattering technique.Brief introduction to NMR and X-Ray diffraction. 

UnitIV: Centrifugation and Analytical Techniques [12 L] 

Principles and types of Centrifugation: Differential, density gradient, and ultracentrifugation. 
Applications in subcellular fractionation and macromolecular studies. Design and work on analytical 
ultracentrifuges,sedimentationvelocity,andsedimentationequilibriumanalyses.Basiccalculationsof 
centrifugation.Determinationofmolecularweightbycentrifugationmethod.Ultra-filtration;Principle, 
instrumentation and application. Dialysis, principle and uses of equilibrium dialysis. Precipitation; 
methods and applications Isotopic and Non-Isotopic Tracer Techniques: Principles of radioisotopes, 
autoradiography, and scintillation counting. Applications in metabolic studies and molecular labeling. 
 

 
RecommendedBooks: 
[1] C.N.Banwell,Fundamentalsofmolecularspectroscopy,4thed. London;NewYork: 
McGraw-Hill, 1994. 
[2] JosephR Lakowicz, Principlesoffluorescencespectroscopy,3rdedition 
[3] A.W.AdamsonandA.P.Gast,PhysicalChemistryofSurfaces,Sixthed.Wiley,2012 
[4] P.W.HawkesandJ.C.H.Spence, Eds., Science ofmicroscopy. New York:Springer, 2007. 
[5] KevinRobardsandPaulR.Haddad,PrinciplesandPracticeofModernChromatographic 
Methods, 1994 
[6] A.Braithwaite,ChromatographicMethods,1985 



PPC07: Reproductive Toxicology (4 Credits) 
 

Unit I: Gonadal development and Reproductive cycle         [12 L] 
 Reproductive development and sexual differentiation, Sex determination, gonadal-sex 
determination, differentiation of sex accessory ducts and glands, differentiation of external 
genitalia, gonadotropins, sex-steroids in males and females, hypothalamus-pituitary axis in 
males, hormone action in the male reproductive tract, hypothalamus-pituitary axis in females, 
ovarian hormones synthesis, ovarian cycle, estrous cycle, follicular development, 
gametogenesis in male and female.  
 
Unit II: Male reproductive physiology             [12 L]  
Physiology of testis, Sertoli cell proliferation and function, Leydig cell function, 
spermatogenesis and its endocrine regulation, physiology of male sex accessory duct: 
epididymis, vas deferens, regulation of epididymal functions, physiology of male accessory 
sex glands: the prostate gland, seminal vesicles, and bulbourethral glands, abnormalities of 
sperms, diseases associated with testosterone excess or deficiency.  
 
Unit III: Female Reproductive Biology: Oocyte, Fertilization and Implantation [12 L] 
Physiology of ovary, oocyte maturation and ovulation, regulation of corpus luteum, anatomy 
of uterus and vagina, mechanisms of ovulation, molecular and biochemical events associated 
with fertilization: pre-fertilization events; physical and chemical changes at fertilization, 
capacitation, acrosomal reaction and penetration, activation of the oocyte, post-fertilization 
events, implantation, diseases of overproduction and undersecretion of ovarian hormones. 
 
 Unit IV: Reproductive toxicity             [12 L]  
Identification and characterization of specific classes of reproductive toxicants, mechanisms 
of action of these agents at the molecular and cellular level, risk assessment and regulatory 
issues relevant to reproductive health, methods for assessing male and female reproductive 
toxicity, ovotoxicity, spermatotoxicity, endocrine disruption, known effects of EDCs 
(Endocrine disrupting chemicals) in humans and animals, testing for endocrine disrupting 
chemicals, environmental androgens and anti-androgens, environmental estrogens.  
 
Books recommended  
1. Knobil and Neill’s Physiology of Reproduction (Third Edition).  
2. Human Reproductive Biology (Third Edition) by Jones, R. E. And Lopez, K. H  
3. Yen and Jaffe’s Reproductive Endocrinology (Ninth Edition)



PPC08: Data Analysis Techniques(4Credits) 
 
Unit 1: Descriptive statistics and probability distribution [12L] 
Measures of location and spread; symmetry of data (moments, skewness and kurtosis). Data 
Transformation,clusteringanalysis.Probability,thelawofprobability,conditionalprobability, 
Bayes’ Rule and Screening Tests; ROC curves, Prevalence and Incidents. Random variable, 
probability distribution, binomial, Poisson and normal distributions. 
 
Unit2:StatisticalInference-I [12L] 
Hypothesis, z-test, t-test, One-sample hypothesis: a hypothesis concerning the mean, 
confidence limit for the population mean, sample size and estimation of population mean, 
hypothesis limit for the population variance, the hypothesis concerning the variance. Two-
sample hypothesis: the difference between two means, testing for the difference between two 
variances. Pair-sample hypothesis: mean comparison of pair sample. Multiple hypotheses: 
mean comparison of more than two groups (ANOVA). Nonparametric statistics, 𝑅 × 𝐶 
Contingency tables, chi-square goodness of fit test. 
 
Unit3:StatisticalInference-II [12 L] 
Fitting regression line- method of least squares, inference about parameters from regression 
lines, interval estimation for linear regression, assessing the goodness for the fit of linear 
regression lines, correlation coefficient, inference of correlation coefficient, multiple 
regressions, partial and multiple correlations and rank correlation. 
 
Unit4:NetworkScience [12 L] 
Network in terms of Graphs, type of graphs (directed, undirected, weighted, multi, simple 
graph), graphs terminology; type of biological network (PPI, TRN, brain-network, metabolic 
network, etc.), network characteristics (degree and its distribution, path length, shortest path 
length,clusteringcoefficient,between-ness,centralityetc.);networkmodel:ER(ErdosRenyi) 
model, BA (Barabasi Albert) model, Strogatz small-world network model. Bipartite graphs, 
represent of graphs and graphs isomorphism, Eulerand Hamiltonian paths, Trees, application 
of trees; Subgraph, modular network, modularity measure, module detection algorithms, and 
networks related tools (Cytoscape/ Gephi). 
 
 
RecommendedBooks: 
1. B.Rosner,Fundamentalsofbiostatistics.Boston:Brooks/Cole,CengageLearning, 2011. 
2. J.H.Zar,Biostatisticalanalysis,4thed.UpperSaddleRiver,N.J:PrenticeHall,1999. 
3. P.N.Arora,P.K.Malhan,Biostatistics,Himalaya PublishingHouse,2006. 
4. S.C.Gupta,V.K.Kapoor,Fundamentalofmathematicalstatistics,SultanchandandSons New 
Delhi. 
5. V. K. Rohatgi, A. K. Md. Ehsanes Saleh, An introduction to probability and statistics, 2nd 
ed., John Wiley and Sons (Asia) Pte. Ltd. 
5.DiscreteMathematicalandItsApplications,7thEdition,byKennethH.Rosen. 



PPC09: Python Programming (4 Credits) 

 
 
Unit 1               [12 L] 
Basic Concepts: Features of Python, Python Framework and Libraries, Applications of 
Python, Python IDLEs: Interpreter for Python programming, Data types: numeric, sequence, 
mapping, set, Boolean, binary; Variables and assignment, Statements, Keywords, Script 
mode. Operators and Expressions: Arithmetic operators, Relational operators, Logical 
operators, Bitwise operators, identity operators, membership operators, Python operator 
precedence, Input/output functions. 
 
Unit II                          [12 L] 

Control structures and Functions: Control structures, if-else conditional statement; Looping 
statements: while loop and for loop, Nested loops, break, continue and pass, Debugging, 
Functions, function declaration, Types of Functions: Built-in Functions, user-defined 
Functions, function call, arguments: default, keyword, positional and arbitrary arguments, 
Function Definition and Call: pass by reference and pass by call, Importing user-defined 
modules 
 
Unit III                [12 L] 

Lists: declaration, accessing lists, working with lists, various operations, list comprehensions 
related functions and methods; Tuples: creating tuple with one item, declaration, accessing 
tuples, various operations, iterating through tuples, converting tuples into lists, related 
functions and methods; Dictionary: creating dictionaries, accessing values in dictionaries, 
working with dictionaries, various operations, working of loops, related functions and 
methods 
 
Unit IV         [12 L] 
Arrays: creating an array, accessing an array, slicing an array, working with arrays, 
Operations, loops in arrays, related functions and methods; Sets: creating sets, accessing sets 
elements, working with sets, related functions and methods, Strings, accessing strings to 
variables, string iteration, String manipulations, looping in strings, string slicing, string 
functions and methods; Files and Exceptions: File Handling, file and directory operations, 
Errors and Exceptions. 
 
 
Reference Books: 

 MartinC.Brown,Python:TheCompleteReference,McGrawHill4thEdition,2018 
 ReemaThareja,PythonProgramming,OxfordUniversityPress,2ndEdition, 2023 
 Aditya Kanetkar YashavantKanetkar, Let Us Python:Python Is Future, BPBPublications, 6th 

Edition, 2023 
 Taneja&Kumar:PythonProgramming:AModularApproach,PearsonPublications,1st Edition, 

2017 
 
Required software 
Python: http://www.python.org.(Freeware)   



PPC10: Advancement in Protein Folding and Dynamics(4Credits) 
 
Unit-I: [12 L] 
Definitionofnativeprotein,typesofbondinginnativeproteins.Physicalforcesandprinciples 
underlyingproteinfoldingandstructure,co-solventengineering,andOsmolytesclassification 
(structural and functional) and definition. Denaturing stresses. Mechanism of stabilization. 
Physiological relevance of osmolytes – protein interaction. Protein folding by osmolytes 
(osmolytes, mechanism of action). Effect of macromolecular crowding on protein folding. 
 
Unit-II: [12 L] 
Measures of protein stability. Protein stability (definition). Various techniques to follow 
proteinunfoldingandmeasurementsofproteinstabilityusingstructuralpropertiesofproteins. 
Analysisoftransitioncurves(chemicalandheatinduceddenaturations)for∆GD,Gibbsenergy 
changeondenaturation.Equilibriumandreversibility,Determinationofproteinstabilityunder 
physiologicalconditions.Modelsofproteindenaturationbyureaandguanidinehydrochloride. 

Unit-III: [12 L] 
Anfinsen hypothesis. Levinthol’s paradox. The protein folding problem. Models of protein 
folding: Hydrophobic collapse model, Framework model, Nucleation Model, Energy funnel 
model, Protein folding intermediates, the molten globule state, Characterization of molten 
globule state, The pre-molten globule state, Characterization of pre-molten globule state 
 
Unit-IV: 12 L] 
Protein folding in the cell, methods to study protein folding dynamics in the cell, Protein 
misfolding and Aggregation, Molecular chaperones, Chapronin protein folding, Structural 
Biology of Chaperonins, Alzheimer's Disease and other neurodegenerative diseases, Clinical 
aspects and cellular pathology, Multiscale Approach to Protein Folding Dynamics, 
Understanding Protein Folding with H Exchange Methods 

Recommendedbooks: 
1. Tanford,C.(1968) AdvancesinProteinChemistry23, 121-282. 
2. Tanford,C.(1970) AdvancesinProteinChemistry24, 1-95. 
3. LapanjeS.(1978)Physico-chemicalAspectofProteinDenaturation,JohnWiley& Sons, 

New York. 
4. Editor,R.H.Pain(1994)MechanismofProteinFolding,IRLPress,Oxford 

University Press, Oxford. 
5. Timasheff, S. N. and Arakawa, t. (1997) Stabilization of Protein Structure by 

Solvents,(Ed,T.E.Creighton)pp348-364, IRLPress,OxfordUniversityPress, 
Oxford. 



PPC11: Nano-biotechnology (4credits) 
 
UnitI: Fundamentals of Nanotechnology [12 L] 
 
Introduction to Nanotechnology: Definition and history, Nanoscale dimensions and size 
effects, Types of nanomaterials and their classifications (1D, 2D and 3D etc. Mechanical, 
electrical, optical, and magnetic properties, Surface area-to-volume ratio. Nanocrystal, 
Nanoparticle,Quantumdot,QuantumWireandQuantumWell,etc)Top-downandbottom-up 
approaches, Physical and Chemical methods of Nanomaterial Fabrication, Overview of 
synthetic methods, Surfactants, polymers, emulsions. Micelles/reverse micelles and colloids, 
Biological Methods, Self-assembly. 
 
Unit II: Methods of Nano-bio conjugate     [12 L] 
Physical Adsorption, Covalent Bonding, Affinity Interactions and Encapsulation. 
Nanomaterial-Cellinteractions-ManifestationsofSurfaceModification,SurfaceModified 
Nanoparticles,HybridNanocomposites:Combiningbiologicalmoleculeswithhybridnanomateria
ls (e.g.,metal-organicframeworks,carbon-basednanomaterials).MEMS/NEMS based on 
NanomaterialsPeptide/DNA Coupled NanoparticlesLipid Nanoparticlesfor drug 
deliveryinorganicnanoparticlesfordrugdeliveryMetal/MetalOxideNanoparticles(antibacterial/a
nti-fungal/anti-viral). 
 
Unit III: Characterization of Nano- and Nano-biomaterials [12 L] 
CharacterizationofNanoandNano-biomaterials:X-raydiffraction,X-rayphotoelectron 
spectroscopy,Augerelectronspectroscopy,FTIRandRamanspectroscopy,Electronmicroscopy 
(SEM,FESEM,TEMandHRTEM),Uv-VisibleandfluorescenceandRaman 
spectroscopy,Brunauer–Emmett–Teller(BET)Analysis,ZetaPotentialAnalysis.Differential 
Scanning Calorimetry, Thermogravimetric Analysis and Mass spectrometry. 

Unit IV: Application of Nano and Nano-biomaterials [12 L] 
Compatibilityissues of nanomaterial with biomaterials, Toxicityof biomaterials, applications 
of Nano-biomaterials in diagnosis and therapeutics, drug delivery systems, Sensors, 
Energydevices,Memorydevicesandothers.EnvironmentalApplications:Nanomaterialsinwater 
treatment,AirpurificationandenvironmentalremediationandSustainablenanotechnology 
practices.Ethical,Environmental,andSocietalImplications,Regulatoryandsafetyissues. 
 
 
Recommended books: 
1. UnderstandingNanotechnology 
2. Nanoscaletechnologyinbiological systems, Greco,Prinz and Smith 
3. Nanobiotechnology,NiemeyerandMirkin 
4. NanoscaleMaterialsin Chemistry 
5. ScanningProbe MicroscopybyKenin 
6. AtomicForceMicroscopyfor biologist 
7. Scienceofmicroscopy,Springer,2007 



PPC 12: Molecular Virology (4 credits) 

Unit I: General virology         [12 L] 

Virus structure and morphology, virus classification, RNA viruses, DNA viruses, prions, 
virioids, overview of viral life cycle, characterization of viral life cycle on the basis of 
functional mRNA, characteristic features of viral life cycle among DNA viruses, significance 
of genome size, shape and segmentation in viral life cycle, general principle of viral life cycle 
among RNA viruses with special reference to positive sense RNA viruses, exception to 
general trend in viral life cycle. 

Unit II: Hepatitis B virus         [12 L] 

Structure of infectious Dane particle, Genome organization of Hepatitis B virus, Genes and 
Proteins of Hepatitis B virus, Promoters and enhancers of the viral genome, Serological 
pattern during acute and chronic hepatitis B virus infection, Basic understanding of resolution 
of acute and chronic infection (sero-conversion), Molecular events in hepatitis B virus 
replication, Antiviral therapy and molecular targets for antiviral therapy, Response and 
resistance to antiviral drugs, Molecular and serologic diagnostics in HBV infection. 

Unit III: Human respiratory and arthropod mediated viruses                           [12 L] 

An overview to human respiratory viruses: respiratory syncytial virus, influenza and corona 
viruses. RSV biology- virion, proteins, groups, genotypes, re-infection, therapy; challenges to 
vaccine development; arthropod borne viral infections, Dengue and Chikungunya fever; 
mosquito vector; clinical infections; virion, genome, protein, serotypes, epidemiology; 
differential laboratory diagnosis, prevention and control of vector borne viral infections, 
vaccine development; tetravalent vaccine for Dengue virus. 

Unit IV: Applications of virology                                                                                 [12 L] 
  
Concepts of biosafety levels (1-4), containment measures, biosafety cabinets. Disinfection, 
decontamination, sterilization. Antiviral strategies; their mechanism of action; Antiviral 
vaccines (killed, attenuated, recombinant protein, subunits, VLPs, DNA and mRNA vaccines, 
vaccine formulation, vaccine delivery and adjuvants); Antiviral drugs and resistance; drug 
repurposing; Diagnostics in virology: serological and molecular methods; Animal cell culture 
and maintenance of cell lines, adherent and suspension cells, transfection and infection. Virus 
propagation in cell lines, cytopathic effect; use of organoids to grow viruses; pseudo viruses, 
virus like particles and lentiviruses. 

 

Recommended books: 

1.Tortora, Funke and Case, 2007. Microbiology, an Introduction. Ninth Edition, Pearson 
Education. 

2. Fields Virology, 2007. Fifth edition. Lippincott Williams and Wilkins. 

3.Prescot, Harley and Klein, 2008. Microbiology, Seventh Edition. McGrawHill. 

4. Viral Hepatitis: Edited by Haward C Thomas, Anna SF Lok, S A Lokarnini and A J 
Zuckerman, Fourth edition, Willey Blackwell. 

 


