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MDSU/Syllabus/M . Sc. Microbiology /7 3
Name of the Program of Study: M.Se. Microbiology

!.  Programme Duration:

. Minimum | semester for PG Cenificate in Basic Microbiolopy

b, Minimum 2 semesters for PG Diploma in Microb: slopy

¢ Mininmm 3 semesters for PG Piploma in Applied Migrobiology

d. Minimum - Semesters for M.Sc. in Microbiolopy

2. Minimum Eligibility Conditions: 13 Sc./I3.Sc. (Hons}B.Sc. B.Ed. in any
disciphne of biolopy or B.5c. (Ag) with min. 50% marks

3. Relnxation in Minimum Qualifving Marks for the SC. ST and Persons willy

Disabilities Calegories; 3%,

4. Crileria for Sclection of Students for Admission: werit sl as per (he rules in

Prospectus

5. Credit Requirements: '

2. A nunimum ol 8G credits are 1o be completed by the student, 30% (24
credits) ol which will be elective including a minimum of 12 credits ( 15%4)
from other pragrams of studics (Minimum 9 Torm a single program of
study other than M.Sc. Microbiolopy) and 70% (36 credits) being core
courses. Core courses include 4 [ credits of Foundation COuUrses
(Compulsory and elective), OF the remaining 52 core credits. one short
lermz projeet (3P) will have (o be done in each of the first three scmesters,
ind one long lerm project work/dissertation (10 credils) in the fourth
semester,

b.  The maximum number of eredits that a studenl may cam in a Semesler
shall nol exceed 36 hours of leaching. and he/she shall be required Lo

. reguster for such nember of courses accordingly.
6. Conditions for the Award of Degree/Diploma/Certificate:
6.1 In case a student admitied o the Programme opts oul of the Programine afier
successful completion of minimum
20 credits of Semester 1, he/she will be awarded PG Centificate in Basic
Microbivlogy
40 credits of Seinesters I and 11 he/she will be awarded PG Diplomain Advanced
Microbiolopy |
G0 credits of Semesters |. [Tand I1L he/she will be awarded Advanced PG Diploma
in Applicd Microbislogy :
8¢ credils of Semesiers 1. 1, 11 and [V, he/she will be awarded M.Se. in
Microbiology
6.2 Studenlts opting out with the PG Cerlificate/PG Dipioma/Advanced PG Dipioma
may be permilled Lo pet lateral entry into the Programme within a period of maximuem
Lo years lo complete their Master’s Degree,
6.3 There is a provision of Certificate of specialization or skills learnt which would
be given away (0 a student by the Dean PG Studics for the University teaching
depariments (UTDs) on the recommendation of the Council of the Department of

Microbiology, if a minimum ol 9 credits have been.completed by the student in a
specific skill or field of specialization.

Courses offered in M.Sc. Microbiolopy
Foundation Courscs

Department of Micrabiology offers following Foundation Courscs, all of which are
cleclive:

FOO 421 Microorganisms and Heal(h (11.) {1hfweek)




4 / MDSU/byllabus/M.S¢. Microbiotogy

FOQO 422 Hygicene (1L) (Lhiweek)

GO 423 Scieniilic Writing { 1L) { 1h/week) :

These courses will be available in all semesters. however Uiey will be olTered on the
basis ol availabilily of Tree 1ime with the feuly.

Semister | ~

Corc Courses: (12L +4P = 24H)

MIC 4015k. Essentials of Microbiology (31.) (3hfweck)
MIC 402, Diversity of Prokaryoles (31.) (3l/weck)

MIC 403, Biochemistry (L) (h/week)

MIC 404. Molecular Biology 1 (2L) (2h/week)

MJC 405 S Sk. Short term Project (I P) {3hv/week)

MIC 406 Sk. Microbiological Techniques (3P} (9h/week)

Elcctive Courses for Semcster 1 and IIT

MIC 421 Sk. Biochemistry & Molecular Biolopy (2P) {6h/week)

MIC 422, Diversily of Cukaryatic Microorganisms (41.) (Ah/week)

MIC 423 Medical Microbiology (4L} (4h/week)

MIC 424 Sk. Virology (2L) (2Zh/week) _ 1

MIC 430 Sk Microbiology of wastes and Waste Remediation (31.) (3hfweek)

MIC 431 Sk Industrial Microbiolugy (4L) (4h/week)

- MIC 432 Sk Geomicrobiolopy & Agricullural Microbiolopy (AL + 2P) (10h/veck)
MIC 433 Energy and Alternative Enerpy (L) (1 /week)

A sludent has to opt courses of minimum 20 ¢redits in this semester, if &/he drops
afier successtul completion of minimum 20 credits in 1% semester s/he will be awarded
PG Centificate in Basic Microbiology ‘

Semester 11

Core Courses: (10L+ 4P = 22h)

MIC 407 Micrabial Physiology & Development (4L) (Pre-requisite: wWIC 403) (ah/.
week

MIC E:'flﬂﬂ Molecular Biclogy I1 (Pre requisite: MIC 404) (21,3 {24 week)

MIC 409 Microbinl Ecolopy & Biclogy of Extremes (41.) (3héweek)

MIC 410 S Sk, Short term Project (11°) (3h/weck)

MIC 411 Sk Physiology and Ecolegy (3P) {(9h/sweek)

Elective Courses for Semesters 11 & IV

MIC 425 Immunology (4L) (dhiweek)

MIC 426 Sk Bioprocess Engincering (4L + 2P) (10h/week)

MIC 427 Sk Biolue! & Biocnergy (31.4+2P) (Sh/weck)

MIC 423 Sk Food Micrabiology (3L + 2P) {Oh/weck)

MIC 429 Sk Enzymalepy (Pre-requisite; MIC.403) (3L) (3h/week)

MIL 434 Sk Bionformalics (Pre-requisite MIC 404, 408) (1= 4hv/week)
MIC 435 Biostatistics & Compulational Diology (41.) (4h/weck)

A sludent as Lo opt courses of minimum 20 credits in this semester. 11 s’he drops
aller successful compleljion of minimum 40 credits by the cnd of Semester 11, s/he
will be awarded PG Diploma in Microbiology. '

Semester HI |

Core Courses: (§L+4P = 20h)

MIC 412 Sk Synthetic Biology (4L) (4h/week)
MI1C 413 Microbial Genetics {(4L) (4h/week)
MIC 414 S Sk Short term Project { 1P)

MIDSUZSyHabis/A.Se, My romoloey /3

PO S SR Applicd Microbioto:ss & Noteoniar Biology (31) (4nfuek)

Elective Cowrses for Semeseer boandd 1T

tAC 120 8K Biochemistry & Molecular Biology (217) (hiweek)

MIC 22 Ddiversite of Bokan otie Microoreanisms (AL (dhaweek)

AR AZ23 Aledignd Microbinlogy C11) {dhv/veck)

MIC A2 Sk, Virology (21.) (20w cek)-

MICT 430 Sk Microhiology of wastes and Waste Reuediation (GL el

MIC 431 8K Industrial Micrabialopy (413 {(thAveck)

ML 132 Sk Geomicrobiolopy & Agriculiural Microbiclogy (4L 4 212} (] Ohiweek)
MIC 433 Energy und Alternative Energy (11.) (Lhiweek)

A student has 1o opt courses of minimum 20 crgdits in this semester. I s/he drops
afier suceessful completion of minimum 60 eredits by the end ol Semeater 1, s/
will be awarded Advanced PG Diploma in Applied Microbiology.

memester 1V

Core Conrse: (10P= 251 warkload and 10k teaching load)
“HC S00L Sk Project Work /Disseration (10 *= 25N per week)

Llective Courses for Semesters H & 1V

NVIC 425 Immuonology (ALY (Thaweek)

MIC 126 Sk Bioprocess Fnginesring (L + 2P) (10 'week)

MIC 127 Sk Bioluel & Bioenerpy (31.42P} (9h/week)

MIC 928 Sk Foodl Microbiclogy (3L + 21) (9hiweek)

MIC 429 Bk Enzymology (Pre-requisite: MIC J03) (3L (3h/week)

MIC 434 Sk Bionfomutics (Pre-requisite MIC 104, 448) (d1.= dhiweek:
MIC 435 Biostatistics & Computational Biclogy (4L} (4h/weck)

A stutlent has o opl courses of minimum 20 credits in this semester. Sue caslul
completion of minimum 80 eredits on compietion of Semester [V will earmn stident
the depree of Master of Science in Microbiolopy.
Certificate of specinlization Tor skills learat -
Any student compleling successllly a set of specified courses will be cligibic ora
Certificate of specialization as depicted below:
Specialization in Biochemistry and Physiology of Microorsanisnis
All of the Tollowinp courses;
MIC 403. Biochemisiry (L)
MIC 421 Sk, Biochemistry & Moleculur Bioiegy (21
MIC 407 Microbial Physiology & Development (41.)
MIC 431 Sk Physiology and Ecolopy (3P)
Specinlization in Microbiology of Extremes
All ot the tollowing courses:
MIC 402, Diversity of Prokaryotes (3L)
MIC 403. Biochemistry {41)
MIC 407 Microbial Physiology & Development (4L)
MIC <122, Diversity of Eukaryotic Microorganisms (4L)
MIC 409 Micrebial Ecolopy & Biology of Extremes (41.)
MIC 411 Sk Physiology and Ecology (3P)
MIC 421 SKk. Biochemisiry & Molecular Bioclogy (2P)
Specialization in Microbial Diversity and Ecology
Courses including MIC 402. Diversily of Prakaryoles {31.) and MIC 409 Microbial
Ecolagy & Biology of Extremes (4L) with minimum 9 eredits from the follewing:
MIC 422, Diversity of Fubarvetic Micraorpanisms (41.)
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MIC 424 Sk Virology (21.)

MIC 432 Sk Geomicrobiology & Agricultural Microbielogy 1. + 217)

MIC <111 Sk Physiology and Leelogy {3P)

Specialization :n Molecular Biology

Minimum 9 --adits from (he lotlowing:

MIC 421 Sk. - wiochemistry & Molecular Biology (217

MIC 25 Imuaunolopy {41

MIC 434 SK Bionformarics (:4IL)

MIC 415 Bk Applied Microbiology & Melecular I350lopy (3P

specialization in Environmental Microbiology & Biatechnolog,

Courses including MIC 430 Sk Micrebiolopy al’ Wasles and Wasle Remediation
(3L) with minintum 9 credits from the following:

MIC 433 Energy and Altlemative Energy (11.)

MIC 432 Sk Geomicrobialogy & Agricultural Microbiology (41, + 21"

MIC 426 Sk Bioprocess Iingineering (4L + 2P)

MIC 427 Sk Biofuel & Bioenergy (3L+21%)

MIC 435 Biostatistics & Compultational Biology (41.)

Specialization in Industrial Microbiolopy & Biotechnology

MIC 426 Sk Bioprocess Engincering (4L + 2P} and minimum 5 credits of the
followinp:

MIC 431 SK Industrial Microbiology (41.)

MIC 429 Sk Enzymology (Pre-requisite: MIC 403} (3L)

MIC 435 Biostatistics & Computalional Biology (41.)

MIC 427 Sk Biofuel & Biocncrpy {3L+21

MIC 428 Sk Food Microbiology (3L + 2P)

MIC 430G Sk Microbiology of wastes and Waste Remediation (31.)

Specialization in Biofuel & Bioencrgy

Coursces including MIC 433 Encrgy and Alternative Energy (11.}. MIC 427 Sk Biolucl
& Bioenergy (3L+2P) with minimum onc of the following:

MIC 426 Sk Bioprocess Engincering (4L + 2P)

MIC 435 Biostalislics & Computalional Biclogy (4L)

Specinlization in Medical Microbiology

MIC 423 Medical Microbiology (4L) with minimum 6 credits rom the following:
MIC 424 Sk. Virolopy (2L)

MIC 325 Immunalogy (41.) el

MIC 433 Biostatistics & Compulational Diology (4Ly

Detailed course outline ol Courses offered at the Department of Micrebiology

for PG Studenis

Faundation Courses
FQO 421 Microorganisms and Health (1L) (1 hfweek)

Section A (4 L)
What is life? Where can life exist? Limits of Life on carth. lavisible life.
Microorgonisms, what are they? Types of Microorganisms, Where do they live? What
do they do? Microorganisms and man, The friends and foes,

Section B (6L)
Human micrebiome, Prevenling infectious diseases. New crop of diseases,
Legionnaires disease, A1DS, Swine Flu, Bird Flu, SARS, MERS, Lbola, Zica, West
Nile Virus

Section C {5L)
Germs and terror. Prevention of infections. Yaccines and vaceine schedules, Retum

N LSy labusMNi Se, Mol iy f g

Uy aeie! Lo AntibinDic rosistnee

FOQ 422 [Dygicne (1) (Thiweek)
Sceclion A (31)
ilyziene and s requirement. Persons! hypicne, Hand, [ead, Oral hvoeione, Mleep
Iy picne,
Seetion B (41.)

Hygiene at livme, Kitchen and Food industry hygiene, restaurant, food paclours, s
strect food, Workplace hypicne, ygiene during travel, at holel and oflice. hospiial
Scction C (8L)

FFood contimination and spoilage. food poisoning., food preservition. Soiiaiiog o
hygiene in GNP Aleohol. Elects olaleeho! consumption on hunian Do e oL lety

FFOO 423 Scientific Writing {1L) (Ihfweck)

Section A (5L}
What 1s roescarch? What is Science? Research Design. s : acnee juad
scientific writing. Plagiariso. Biocihics. Choosig @, obiem, Preparing a 1l 16
look tor answers. Writing funding proposals. Presenting results: Tubabion
Ciraphs

Section B {(5L)
Journals aid their types. Seientific paper, Wriling title, Avstraet, Inttoduc, i,
Matcriul and Methods. Writing Results imd Discussion. Acknowledpemns,
Citing references. Preparing tables and illustrations. Applying pateats

Seetion C (7L)
Submission and review of paper.
Writing a review paper, Conlerence report. Book review and Thesis,
Low 1o present o paper arally. Preparing a poster. Research at Microbiology

Deparunent of MDS University Ajpner

CORE COURSES
Semester | .
MEC 401 Sk Kssentials of Microbisloey 131)) (3i/weel,)
Seclion A (161)

History und scope of Microbiology. Pros. covaes, bal ovates,
Archacbacleniaand eubavreria, Morphology and ulireitucture of bacteri: Seecialized
components o inicreorpanizms and their structure and function. shapes and
wrangement of bacterie, Observing micreorganisms: I'rinciples and use ol microscope.
Bright ficld, Dark ficld, Mhase contrast, (luoreseénce, interlerence, Confacal. Atantic
Force and Electron microscopes. Stains and slalning technigues.

Secction B (15L)

Ascplic techniques: Principles and methods of Sierilization and
Disinfection. Disinfectants and their mode of action. Antibiolics, their classification
and mode of aclion. Isolalion and purification of microorganisms. Environmental
nnd nutritional requirements. Culture Mediom and its types. Cultivation ol bacteria,
Nulritional types.

Growth and its kinetics. growih yields, Cell Division Asynclironous,
synchronous, balch and continuous coliures, sicady slate growth and continuouvs
growth. Mainfenance and preservation of pure cultures, Méasurement al'growith and
factors alitcling growth. Enumeration of MICraorganisms, i sirn studies, sampling,
isolation lechninues and determination of biomass and growtf. ;
Biahizar!s: Conwvept of biohazards wilh cases hghlighting importance, Biozafely-
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Principles und measures,
Section C (14L.)

Basis of classilication ol bucteria. Phylogenelic and phenctic approachcs,
Chemataxonomy, Genctic and melecular methods: G+C ratio, Nucleic acid
hybridization. DNA-DNA and DNA-RNA hybridization. PCR-method und
application. 168, 238 rRNA and IGS sequencing, RFLE, RAPD, STRR & LTRE.L
REEP -PCR based DNA finger printing metheds. Numerical tixonomy and Polvphusic
approach in laxanomy. Majer groups ol bacteria according (o Berpey's Manual of

- Systematic Bacleriology.

Text Books:

1. 5alle A.J. Principles of Bacteriolopy.

2. Brock T.D., Madigan M.T. Biology ol microorganisms. Prentice Hall,

3. Pelczar M.),, Chan E.C.S., Kreig N.R. Microbiology. McGraw Hill. |

4. Stamier RY, Ingraham J.L.. Wheelis M_L., Painter P.R. 1999, General Microbiology.
MacMillan Education Lid., London. e

5. Schlegel. General Microbiology, Cambridge University Press, Cambridge.

6. Prescott. Microbiolopy

7. Priest. Baclerial Taxonomy

Relerences:

I. Bergey’s Manual of Delerminative Bacteriology. %e _

2. Bergey's Manual of Systematic Bacleriolopy (2/) P.H.A. Sneath, N.S. Mair, .M'
Elizabeth (cds). : ‘
3. Balows A., Thuper A.G, Dworkin M.. Harder W., Schlcifer K. 1991, The
Frokaryates. Spriger-Veriag,

4. Birge E.A. 1992, Modem Microbiology. Wm, C. RBrawn. Oxlord.

5. Gunsales [.C., Stanier R.Y. The Bacleria, Vol. 1, [1, 1I1. Academic Press.

6. Joklik W.K., Zinsscrs. Microbiology. Mc Graw Hill.

Websites

I. Life in a drop ol waler. http://www. youtube. com/waleh?v=_e¢pBK2t0Yeo

2. Microbes in the News. hup://cammiechlab.msu_eduw/SITES/dlc-me/news/news himl

3. Society for Microbiology Fducation resources. ht:n:ffxn.w.xﬂ.nrr.sgm.ac.ukfcnh:ducalinn{

resources/index.cim :

4. Society for Microbiology hup:/www.sgm.ac.uk/ An extensive list of links to
microbiology resources including professional societies, publications, and online
malterials.

3. American Socicly for Microbiotogy LABORATORY PROTOCOLS htip://
www.microbelibrary.org/aboul/5 |

6. Amcrican Society for Microbialpgy huip://www.asmeue. orp/

7. MicrobeWorld hiip://www,mierobeworld.arp/ MicrobeWorld is a division of ASM
with a dedicated team that scours the intemner finding cvery new microbiology report
daily,

8. hﬁccl the Scicntist with Carl Zimmer, Carl Zimmer interviews micrebiologists
aboul their research in some of Lhe holtest and most exciting areus of research loday.
hutp:/rwww.microbeworld.orp/ :
index.phpoption=com_content&view=calepory&lzyout=bloe& id=37& Il mid=155
9. Small Things Censidercd hip://schacchicr.asmblog org/

10. Twisted Bacteria: hitps://twilter.com/twistedbacleria  blog wrillen by César
Sdnchez, a scientist tumed edilor. César was the editor for Trends in Mjcruhiqlqu
prior 1o writing full-time on his own site. On his biog you can (ind new information
in the field of microbiclogy.
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MIC 402, Diversity of Prokaryeles (3L) (3hAweek)

Seclion A Archaea and Chemonulotrophs
Archaca-introduction. Characieristics ol important genera ol Mellinogens. Extreme
hilophiles, and Thermoacidophiles. Gram negative cubacteria. Characteristics of
Importanl generi ol Chemoaultotrophs.

Scction B Gram nepative Eubacteria
Charucteristics of imiportant genera of I*hotosynthetic eubacterta. Mycobacteria and
other gliding bacteria. Enteric group and related cubacterin, Gram nepative anacrobic
bacteria. Prosthecate and stalked cubiicieria, Bedeliovibrin, Spiracahctes. Rickettsia
Chlamycias. Myxobacteria,
Section B Gram positive Bacteria and Mollicutes
Characteristies of imporiant zenera of Unicellular cndospore fomming cubacierii.
Gram positive lermentative cubacteria, Aclinomyceles did relaled cubacteria,
wollicutes. Methophilic eubacteria, ‘
Text Bools
L. Stamier RY. Ingraham J.1.., Wheelis M.L.. Painter P.R. 1999 General Microbiolopy.
MacMillan Education Lid.. London.
2. dehlegel. General Microbiolooy. Cambridge University Press, Cambridge,
3. Prescatl. Microbiology
4. Joklik W.K., Zinssers. Microbiology. Mc Graw Hill,
3 Alan T, Bull. Microbial Diversity and Bioprospeciing, ASM press. Washinpton, D.C
Reference Books
I. Bergey's Manual of Determinative Baclerialogy. /¢
2. Bergey's Manual pf Syslemalic Bacleriology (2/¢) P.HL.A. Sncath, N.S. Mair, M.
Llizabeth {eds).
3. Balows A.. Thuper A.G., Dworkin M.. Harder W.. Schicifer K. 1991, The
Prokaryoles. Springer-Verlag, )
1. Gunsales L.C., Stanicr R.Y. The Bacteria. Vol. 1. 1] cAcademic Press.
MIC 403 Biochemistry (41) hiweek)
Section A [nstrumentation nnd Carbohydrates
Defnition and characicristics of life. Composition of living maiter-Ceilular
environment. Waler, U1s struclure and propertics. Physiclogical buflers. pllI. pH
indicators. Redox polential and redox indicators. Solutions and other conceps.
Insirumentation: Centrifugation, Colorimelry, Photomelry, Nephelomelry,
Yis, UV-Vis and IR Speclroscopy, Flame photametry. Electrophoresis.
Chromalography: PC, TLC, Column chromatography, GC and HPLC.,
Biomolecules: Siructure, [unction, diversitly and distribution.
Carbohvdrates: Definition, Mono-Di-Tri-Poly-saccharides. Sugars and dheir
derivalives. Struclure, occurrence and biological importance of polysaccharide viz,
cellulvse, agar agar, alginic acid, aggrose. carragenan, pecting, sialic acid, blood
group polysaccharides, chitin, bacterial cell wall polysaccharides.
Section B Lipids
Lipids: Definition and classificalion. Classification and nomenclalure of’
Fally acids, Syslemalic nomenclature und classes ol glycerides: MAG, DAG, TG:
Phospholipids: PA. PG, PE, PS. LPC. P] and plasmalegens; Sphingolipids,
Sphingosine, Ceramide, sphingomyelin, glycolipids, cerebrosides, pangliosdics, sialic
acids. Propertics and functions of phospholipids und prostaglandins, Classes and
stnzcture. Chemistry of sierols, bile acids, sleroid hormanes, plani sierol, ergosterol.
stigmasterol, chalesterol, plucocrticoid, mineralocorticoids, Lipoproteins-

classification, composition and impertance. Role of lipid in cellular architccture and
function,
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Scetion C Prateing, Nucleig acids and other Bionualoeules

Steuetwral feawres, nomenclatore, elassification and cherfisiy ol proleins,
Amino acids: Classification, structure and properties. Enzymes as biocatalysts.
Enzyme classifcation. Specificity. Active site, Unit activity. [sozymes, Enzyme
kinetics. Michaclis-Menien equation for simple cnzymes.

Nucleie acids: Importance and general composition. Purine and pyrimidine
bases. Tautomefric lorms ol bases. Structire of nuclcosides and nucleotides,
Deoxynucleotides, eyclic nucleotides and polynucelotides. Watson and Crick maodel
of DNA. Types of DNA and RNA. Peplidoglycans. Vitamins ind hormones.

Text Books:

1. Sirver L, 2004 Biochemistry 5¢/e. W.EL Freeman. New York,

2. Zubey GL.. Parson W. W, and Vance D.E. 1994, Principles of Biochiemistey, Wi,
C. Brwon, Oxford.

3. Lehninger 2000, -Principles ol Biachemistry. 3/e. Melson and Cox (Worlh) Pub.
4. Harper's Binchemistry 1999, Mc Graw Hill,

MIC 404. Molecular Biology | {Z21.) (2h/week)
Section A Nucleic acids
Experimental evidence (or nucleic acids as genetic information carriers. DNA and
[UNA strueture and function, forces that stabilize nucleic acids, Structural variants of
DNA and RNA. Orpanization ol aucleic acids in prokaryotes and cukaryotes. Physical
and chemicat propenies of DNA: Absomlion, Density, Denaturation, Renaluration.
solubility, size (ractionation. IDNA topology. Topoisomerases and their role m
mainlaining DNA 1opology
Section B DNA replication
Dilferent modes of IDNA replication, Siructure ol prokaryolic DNA palymerase in
comparison with cukaryatic polymerases, DNA replication mechanism, Asymmetric
and dimeric nature of DNA pelymerase 111 and simullancous synthesis of leading
and lapeing sirands. Leading strand synthesis, Lagging steand synthests. events laking
place at the replication fork. Termination of replicalion and segregahon ol daughter
molecules, Replication of linear genomes, mitochondrial DNA. Retroviruses and
their unique mode of DNA synrhesis. Inhibitors of DNA replicetion (hlockin:-
precursor synthesis, nucleotide potymerization, alteiing DNA siructire)
Section C Gene Expression

Structurpl features of RNA (TRNA, iRNA and mRMA) wad selnia v, o 0 flon.
Initiator and clongator closs of (RNA, ribosome bundit:p sie oo it - and
corrcsponding site an TRNA, peplidyliransferce activil, ¢i 23 5 BNAL T Lescoplan:
general principles, basic apparalus, types of RNA polymeraaes.

Steps lor ranscription: Initiation, elongatien and lermination, mhnbiors ol RINA
synthesis. Polycistronic and monocistronic RNAS. Matwration and processing ol RNA:
Melthylation, cutling and trimming of rRNA, capping polyadenstation and spheing
of mRNA. culting and modification of tRNA. mRNA turnaver mechanism. RNAI
Catalyiic RNA. Group ] and group 1! intron splicing. RNase P

Books:

Genes VIL Lewin (Oxford University Press) 2000
E.coli and Salmonella, Cellular and molecular biology. 2™ cdition. Neidhar ¢ al,,
1996 ASM Press. -

Molecular Cell Biology. Lodish, Berk, Zippursky (W l'recmany

Matsudaira, Ballimore, Damcll .—_!u- edition 2000

MIC 405 S Sk. Short term Project (19) {3h/waeeli;
Students will be given basic experimental work 1o achicye specific 200 b 38 o

MDSU/Syllabus/M.Se. Microbiology /1 |

acquaint iimdher with the handling of microorginisms.

| MIC 406 Sk. dMicrobiological Technigues (3P) (Yhiweek)
Experiments based on MIC 401, 402 und 422

Semester 11

MIC 407 Microbial Physiolopy & Development (41.) (4h/week)
_ Section A Microbial Development and Bioenergetics
Cell wall and membrane chemisiry in bacteria, algae and (ungi. Peplidoglycan.
!3iﬂ|m!ynu:r5 as cell componems. Cell division. Synthesis ol cell wall and its regulation
In bacteria. Transporl in cells. Cell-cell signaling mechanisms. Quorum scusing: A
and C signaling system, Microbial develepment. Sporulation and morphogencsis.
Hyphae versus yeast forms and their significance. Multicellular oreanization of
selected microbes. dormancy, )
Biocnergetics: Basic aspects: entropy. enthalpy. bonding energy. Phosphorylation.
Flow nfenergy through bivsphere, Stralegy ol energy production in the cell, oxidation
—teduction reactions, coupled reactions and group transfer, ATP produetion. Struciural
teatures of biomembrancs, Transport. free energy and spontaneity of reaction. G, G
G’ :n?d cquilibrium. Strategics of melubolisin. Microbial melaholism and fueling
reactions,
Section B Catabolism
~ Catabolic prineiples and breakdown ol carbohydrates. Lipids. proteins and
nucicic acids. Respiratory metabolism- Embden Mayer Hoi¥ pathway, Entner
Doudorafl puthway. Glyoxylate pathway. Kreb's cycle, Oxidative and substrale level
phosphorylation. Reverse TCA cyele, Gluconeogenesis. Pasteur effect. Fermentation
of carbehydrates. Flomo- and hclerolactic fermentations. ETC- Electron carriers.
Arlilicial electron donors. Inhibitors, Uncouplers.
Section C Anabolism
Carbohydrates-anabolism, autotrophy, oxyperic and anoxygenic photosynthesis.
Autoirophic generilion of ATF. Fixalion of carbon di oxide. Calvin cycle. C3, C4
pathway, Chemolithetrophy-Sulfur, iron, hydrogen. nitropen oxidations,
Mullm:mgcm:sis. Luminiscence. Brief account of photosynthetic and accessory
pigments-chlorophyll. bacteriochlorophyll, rhodopsin, carolenoids,
phycobilliproteins. Assimilation ol nitregen, dinitrogen, nitrate nilrogen, ammonia,
s_',{mhus:is of major amine acids. Polyamines. Synihesis of polysaccharides.
Biosynihesis of amino acids, fatty acids 2nd nucleotide bases.
Text Books:
1. Caldwell, DR 1995. Microbial physiology and metabolism. Brown Pub.
2. Mout AG & Toster JW 1999. Micrabial Physiology. Wiley
3. Stanmer RY, Ingraham 1L and Wheelis, ML apd Painter PR 1986. General
Microbiology. Mac Millan Education 1.td., London
4. Brun Y V, and Shimkets LJ 2000. Prokaryotic development, ASM Press,
MIC 408 Molecular Biolegy IT (Pre requisite: MIC 404) (2L} (2/weck)
Scetion A Regulalion of gene expression
Cnrlurul of transcription by interaction between RNA polymerases and promoter
reglons. usc of allernate sigma factors, Operon concept, constitutive/ induced,
negatvely/ positively controlled, catabolile repression, inducers, FEPressors ind
corepressers. Negative regulation- £ coli fuc operon: Positive regulation: £, colf
ara operon, Regulation by attenuation- Aiv and trpoperons; Antitermination- N prolein
and it sites in Regulmory circuits: SOS regulon, stringent response and repulation

by small molecules such as ppGpp and cAMP, antisense RNA, hear shock response.
regulation of rRNA and IRNA synthesis.
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Section B Genelie cade and Transiation
Origin of the genctic code, Evolution of the genetic code, General leatures and
characters of the penetic code, Why is the code universal?
Review of RNA Iypes and functions, Structure ol the ribosome. Pre-initiation,
Initiation of translation, mechanism ol action of aminoicyl IRNA synthetase, ilenlity
clements, Factars involved in initiation. Chain elongaion, elongation tactors and
their regeneration, Termination af translation. Polyribosomes, coupled transcriplion
and transiation. Regulation of translalion, Rales and energetics ol transtation, Post
.iranscriptional medificatien of proteins, Translational inhibition. synthesis vl exported
protein on membrane bound ribosomes. Signal hypothesis, In vitro transeription and
iranslational systéms. -
Section C Recombination
Homologous/ general and non homelogous/ illegitimate recombinalion, Holiday
modecl, single sirand invasion, and double strand break model of recombination, Site
specific, replicative, nenreplicative. reciprocal. nonreciprecal recombination. Enzyimes
required for recombination in £ cofi, other recombination systems: FL/PRT and
Cre/l.ox recombination. Genetic inalysis using recombination. Advantages ol genetic
recombinaticn,
Reference Books:
1. Lewin Genes VI {Oxlord University Press) 2000
2, E.coli and Salmonella, Cellular and molecular hiology. 2™ edition.
3. Neidhart ¢ al., 1996 ASM Press.
4. Lodish. Berk, Zippursky Molecular Cell Biology. {WEI Freeman)
5. Matsudaira, Baltimore, Darncll 4% edition 2000
MIC 409 Microbial Ecology & Biolopy of Exiremes (4L} (:4hfweck)
. Seclion A Microbial Diversity
Diversity of microorganisms. Conventional and molecular methads of
studving microbial diversity. TGGE, DGGE, Measures of diversily. Species richness
versus Diversity Index. Unculturable and cultwrable bacteria.
Ecolegical principles: Distribution, Abundance, Frequency, lZcological
Niche and guild. Substrale groups and nutritional sirategies. Resource partilioning
and successions. Biomonitoring. Ecological indicators and Biomarkers.
Biomagnification. Pollulion and 115 indicalors.
Scation B & Interactions Extremophiles
Abiolic-abiolic and abiotic-bigiic interactions. Symbiosis of bacleria-
prolozoa. algue- invericbrales, Bactleria -plants. insect endosymbionls. Rumen
micrabiclogy. Theory of Endosymbiogencsis, Parasitism, mulualism, competition,
Stress and strain. Constant and fluctuating stress. Strategics 1o survive stress. Density
dependent and density independent stresses. Life stratepics: - and K- selection.
Stresses in arid soils and rocks. Microbiology el exireme environments, Extremephiles
and their types. Mechanisms and adaplations in acidophilic. alkalephilic, barophilic,
osmophilic and oligolrophic organisms.
ection C Desert Microbiotn and ils survivil
; Microblal diversity of hot and cold deserts. Desert varnish, rhizesheatl,
cryplobiotic crust. Rack crusts. Epilithic, endolithic and hypolithic microbiota,
Bictechnological polential of desert microorpanisms. [ypersaline cnvironments, their
microbial diversity. Saline playas of Rajasthan and their microbial diversity.
Phystological and molecular mechanisms to olerate desiccation, salt stress, cold,
heal and radiations. Applications of extremophiles.
Text Books:
1. Johri BN, 2000. Extremopbhiles, Springer Verlag, New York.
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2 Yunagita, Natural Microbia! Communities.
3. Odam .. Basic Leolops
A. Cowld 12, 199%, Microbial diversity,
MMIC 310 5 Sk, Short term Project (1P) (3h/week)

Stuclents wrll be given basic eaperimental work 1o achieve specitic gonl so s 10
acquaint im/her with the handling al’ microorginisms. )

‘ MIC 411 Sk Physiolopy and Ecology (3P) (9h/week)
Experiments based on MI1C 407 & 409

Scmester 111

M1C 412 Sk Synthetic Biology (4L) (4h/week)

Seclion A
DNA sequencing: Maxam Gilberl methed. Sanger’s sequencing. aulomaied
sequencing, High throughpuit-sequencing technolopies. Essential enzymes used in
Gienelic enginecring. Restriction nucleases: endo and exonucleases, DNA lioase:
Properties and specilicity, S1 nuclease, BAL 31 noclease. IDNA pulwnm?as:c.
polynucleatide kinase, DNase, RNause, melhylase, phosphatase, Reverse lrEIIl-EC!'J'p[EHE.
115 activity and mode of aclion.
Melhods ol nucleic acid. delection, Palymerase chain reaction (PCRY and its
applicalions, Variaions in PCR and their applications. Methods of nucleic acid
h?'bridizmiun. PProbe and 1argel scquences. Nueleic acid imutagenesis in vive and in
ifrer.

Section B
[solalien and purification of nucleic acid (genomic/plasmid DNA and RNAD
Quantilicalion and sterage ol nucleic acids, Genomic IPNA libraries: Procedures (or
Partzal, Representative, Enriched, Large-insert DNA librarics. Hall-arm clonine,
cDNA libranes: Prominent Adapters/Linkers based directivnal ¢loning. )
Cloning strategics: Vector preparation and diverse cloningstralegics viz. blunt end
cloning. directional cloning, TA-cloninpol PCR products, linkers and adaptors based
cloning Methudologics. Clening vectors: Plasmids, Lambda phages, single stranded
DN Avectors (M 13, Id, 11):Cosmids, Phasmtds and Phagemids, Fosmids. YACS.BACS.
PACs. Plant Transformation vectors: Introduction o T, R plasmids and BIBACs.
lixpresston Vectors for high level protein expression C

Section C
Gene transfer techniques: biological methods, Gene transler techniques: chiemica)
methods. Gene ransker techniques: physical or mechanical methods, Agrobacteritm-
medialed gene ransler in plants, Chloroplast transformation.
Selection and screening of recombinam (ransformiants: Introduction (o marker and
reporter genes and scleclion stratepics, Labeling and delection of nucleic acid
sequences: End-Labelling (37- and 37), Random priming and Nick translation using
radhonctive non-radioactive fabeling technigues. Site Directed Mutagenesis: Cassetie
mulagenests. Primer extension {single primer method), PCR nethods for sile-directed
muligencsis, selection ol mutant peptides by phage/plasiuid display).
Text Books:

1. Maloy et af, 1994, Microbial Genetics, Jones & Dartlett Pub.

2. Dale LW, 1994, Molccular Genelics of Bacteria. Jolhin Wiley & sons
3. Sireips & Yasbin, 1991, Modern Microbial Genetics. Niley Lid.

 0ld & Primrose. 1994, Principles of Gene Manipulution. Blackwell Scientific Pub,
. Sambrose & Russell. 2000. Molecular cloning. 3 volumes. CSH Press 1
. 2000. Gepome Analysis, 4 volumes. CSH Press '

—

s h
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7. Peruski I and Peruski 1997, The intemet and thie new bialogy: Tools for (ienomic
and Molecular Rescarch. (ASM Pross). : :

8. Hunt SP and Liveey R (ED).2000. Funclional genomics: practical approach {OL17),
9. Schena M. DNA microarrays: A practical approach {QUP).

10. Roderic 2. M, Pape, Edward €. Holmes {1998). Molecular LEyvolutiont A
Phylogenctic Approuach, Blackwell publishing. USA.

11. Principles ol Genome Analysis: A Guide o Mapping and Sequencing DNA from
DifTeren. Organisms by 5. B, Primrose {Paperback - Jan 1994)

12. Microoial Genome Methods by Kenneth W Adelph (Hardeover - Qe 28, 1990)
| 3. Genome Mapping and Sequencing by [an Dunham {Hardcover - Sep L. 2003).
14, Brendan Wren (Lditor), Nick Dorrell (2002) Functional Micrabinl Genomies
(Valume 33) (Methods in Microbiology). Academic Press, UK.

MIC 413 Microbial Geneties (4L) (dh/week)
Section A Mulation, Fiasmids & Transposons

Molecular basis ol spontaneous and induced musations, Types of mutalions: point,

rame’shill, lethal, conditional lethal, inversion and deletien, null mulation, reversion
ol mulations, intra and intergenic suppression mutation. Mutalional rates, Mulapens
:physical and chemical mutagenic agents. Mutational selection and screening. Sile
dircered mulagenesis, PCR based mutagenesis,

Types of plasmids and their properties. Plasmid copy number and Incompatibility.
Transposable elemenls: Types and propertics. Mechanism of transposition: rep licative.
nonreplicalive and conservative {ransposition. Phages as transposens,

Seclion B Systems safeguarding DNA and Conjugation

DNA methylation and DNA repair mechanisms - exeision, mismalch, SOS,
photoreactivation, recombination repair and glycoeyclase system.

Basis ol fertility in bacteria. Sclf-transmissable and mabilizable plasmids. Meleeular
mechanism of gene transler by conjugation — genes and profeins involved, Repulation
of pene transler by conjugation. Hir strains. Mapping baclerial genomes using Hir
strains. Chromosomal DNA transfer by plasmids — by inlegrated plasmids. by
chromosome mabilizalion and by creation of prime [actors. Transler systems i gram
posilive bacteria, Ti plasmid transfer system and its application in creating transgenics,

Section C Transformation, Phage Genelics & Trausduclion

Gene ranslar by transformation: Natural transformation and conpelencr. Molecular
basis ol natural transformation — IXNA uplake compelence systems in Gram posilive

and Gram negative bacleria, Regulalion of compelence in 8. subiifis, lmportance ol

natural (ranslformation. Artificially induced competence. Genetic imalysis based on
iransiormation.
T4 virulent phage: structure, life cycle, penetic map and DNA replication. Lamda
(emperale phage: Structure, genetic map, lytic and lysegenic cycle. Lysogenic
repression and phage immunity. Lambda regulon applications of phages in microbial
genelics,
Generalized versus specialized transduction - T4 and lJambda phage, Mapping bucierial
genes by Lransduction. |
Text Books:
\_ Lewin 2000. Genes VI, Oxlord Unjversily Press.
2. I, cofi and Salmeneffa: Cellular and moelecular biolopy. 2/ed.
3. Lodish, Berk, Zippursky. Moleeular Cell Biology. W.H. I'reeman,
5. Malsudaira, Baltimore, Damnell 2000. 4/¢.

MIC 414 S Sk Short term Project {(1P)
Studenls will be given basic experimemal work 1o achieve specilic paal so as 10
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aequamt inm/fher with the handling ol inicroorgimnisms,
BILC 415 Sk Applied Microbiolngy & Moleeular Bivloay (31°) {Yh/week)
Isperiments based oo MIC L2 03,0 423, 425, 030 & 031

Semesier 1y

‘ ¥1C 0L Sk Project Work /Dissertation (10 P)

len eredits {30 hourAweek eachy o workload such as independent individual/croup
wark, obligitory 7 optional work placement: field work: project work/ dissertation.
which will be equivalent o 101, eredits { 1 0hAvechy workload tor the advisorieacher.
Petiils are as belaw:

5. | Coursu Credits (batch | Student
No. limil 10 workload
students) {(h/week)
] Ground work {Review of literature) l 1.5
2 I’lan of wark l 1.5
3 | Conduction ol Experiments 14
4 | Presenlation ol data | 1.5
3 Analvais ol dala 2 2
0 Presenting weekly reports {20 min 1 I
seminars+3min discussion)
7| Reporl Writing ] 1.5
8 Presentation as Seminar (8 min+2 min | [
discussion} and Prescntation as Posler Paper
Y | Popular writing on social/scientilic issues/ | 2 [
awareness/presenling on public phuform
Towal (1-9) 10 23

Content of Elective Courses

Semester T & 111
MIC 421 Sk, Biechemistry & Molecular Biology (2P) (hfweek)
sitfety norms
[[andhing ol instrumenis: pl1 meter, Flame Pholemeter. Colorimeter, Vis and UV-vis
Spectrophotometer, FTIR Spectrometer. Electrophoresis unils, Centriluge. GC. HPLC.
lxperiments o learn techiniques in biochemistry and molecular biology.
MIC 422. Diversily of eukaryolic microorganisms (4L) {4h/week)
Section A Algac
Algac: General characteristics. Classification up (o class level with their distinctive
features. Thallus organization. Nutrition, cultivation and reproduction. Types ol hilk
Iuslarivs. Blooms and wxic algae. Control of algal growth. [mportance ol algac.
Section B Fungpi

_ General features of fungi. Classilicalion up to class level willy their
distinctive fealures. Life eyvele of sclecled fungi (Aspergilius, Peniciliinm, Yuasls).
Nul!'iliﬂn and culuvation of fungi. Structure of fungal cells and prowth. Eflcct of
enviranment on prowih. Prevenlion of fungal growth, Helerothallism, Domuancy
and reproduction in fungi, Spore diversity. Importance of fungi. Dr:nnalnph}'ll:':;.
IXimorphic lungi. Opportunistic [ungal pathogens. Descriplion and classilication of
pathogenic fungi and their laboratory diagnosis,

Seclion C Lichens & Protozoa
Lichens. Biotechnological potential of microalgae — foed — feed —Colourant

-fiiel and broactive compounds. Protozoa: Classilication up Lo class leve] with their
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distinclive features. Body coverings and skeletons. Locomolive oreanclles and
locaimotion. Nulrition, Reproduction, citltivation, Tmpertance ol ,protozea.
Text Bouks
l. Burneit ).H. Fundamentals of Mycalogy. Ldwar Amold. Crane Russak,
2. Charlie M., and Walkinson S.C, The 'ungi. Academic Press.
3. Moore E. Landeekeer. The Fundamentals of Fungi, Prentice Flall.
4. Venkataraman G.S.. Geyal S.K., Kaushik. B.D. and Rouchoudhary, P. Algac-Form
and [Function. - _
3. Aczxopolous C.J. and Mims C.W, 1979. Introduction to Mycalogy (3/e). Wiley
Easterny, New Delhi.
6. Kotpal R.L. Prolozea,
7. Mehrotra RS and Ancja KR 1990, An introduction 1o Mycology. New Age [nt Pub.
8. L. Moorc & Lendecker Fundamentals of the fungi
9. LK. Ross Biolopy of the [ungi
1. Alan 1. Bull. Microbial Diversity and Bioprospecting. ASM press. Washington, D.C.
VL. Stanier RY. Ingraham J.L.. Wheelis M. L., Painter P.R. 1999, General Microbiology.
MacMillan Education Lid., London.
12. Schlegel. General Microbiology. Cambridge University Press, Cambridee,
| 3. Prescoll. Microbiology
14, Joklik W.K., Zinssers. Microbiology. Mc Graw [1il,
MIC 423 Medical Microbiology {(4L) (dh/weck)
. Seclion A Cellular Microbiolopy

Prokaryolic and Eukaryotic signaling mechanisms: Lukarvotic cell-lo-cell
signaling. Endocrine signaling. Prokarvotic signaling: Quorum sensing. Baucterial
pheromones, Intracellular signaling. Signaling pathways,

Normal microbial flora.ol human body and its role. Sourees. vehicles and
reservairs of infection. Palhogenesis: Microbial pathogenicity, transmissibility,
infectivity. virulence and virulence factors. Opportunistic pathogens, true pathogens.

Viralence and process ol inleclion — Crossing physical. chemical and
biological barriers. Colonization, Assaciation; Achesion. Invasion of hast tissue and
loxigencsis with delails account of virslence laclors — Adhesins (pili, capsule,
hemagglutinins). Mechanism of baclerial adhesion, colonization and invasion of
mucous membranes of respiratory. enteric and uropeniial tracls. Invasins
{Fibrinolysins, hyaluronidase. hemolvsins, hypal extensions). Evasins (catalase,
coagulase, Siderophores, l.eucocidins, Kinins), Toxins (diphtheria, choler. tetinus
loxins and endotoxins of Gram negative bacleria — mode ol action and in vive and in
vilro assay systems), Mechanisms of bacterial resistancs Lo host cellular (phagocytosis)
and humaral defenses, Molccular basis of bacterial pathopenecity — cytoskelelal

" modulation ol'host eell, virulence genes and pathogenccity islands,
Section B Human Diseases (Viral)

Exogenous and endogenous inlection, Respiralory, skin, wound and burn
infection. venereal infections, alimentary (ract infection, arthropod-borne blood
infections and laboratory infections. Diagnosis, symptoms, ctiology, Lreaiment,
prevention and discase development in man with relerence 10 Hepatitis, Cancer,
FHIV, Dengue. Polio, Mumps, Small pox, Chicken pox, Measles, SARS, MERS,
Ebola, Swine flu, Chicken Guinca, Infectious hepalitis and AIDS. Viral vaccines
(Conventional. genelic recombinani vaccines used in National Immunization programs
with examples. Newer generation vaccines including DNA vaccines with examples),
[nterferons and antiviral drugs.,

Section C Human Discases (Bacterial and Protozoan)
Causal organisms, diagnosis, symploms, loXic components, ¢liclogy and
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disease development i man with reference o TB. leprosy. typhoid, cholera, diphiheria.
gonorrhocea, 1etanus, syphilis, trachoma, amoebic & bacterial dysentery, malaria and
kala azar. Antibiotics, their classification and mode of action.
Text Books:
I. Morag C. and Timbury M.C. 1994, Medijcal virology, X/c. Churchill Livingsione.
London. .
2.Topley and Wilson 1995, Tex( book on Principles of Bacieriology, Virology und
[mimunelogy. Edward Arnold, London,
3. Ananthnarayanan R and Jayaram C.K. 1997.Textbook ol Microbiology. Oricni
Longman.
4, Mackie and McCartney. 1996. Medical Microbiology. Vol.1. Micrabial Infection.
Val. 2. Practical Mcdical Microbiology. Churchill Livingstone,
3. Shimson DC. Wright PSG1982. Microbiology in ¢ 'linical Pruclice.
6. Baron [J, Peterson LR and Finegold SM. 1990, Bailey and Scou's Diaenostic
Microbiology. Mosby
MIC 424 Sk. Yirology (21} (2h/week)
Section A Basic Virology

Acellular living enlities {Virus, Viroid, Virusoid, Prion), Bricl oulline of
the discovery of viruses. Virus, their nalure, structure, diversity and mode of
replication. Nomenclature and classification of viruses. Vical genome, their types
and structures. General Melheds of Diagnesis and Serology: Cell culiures. Cultivarios
ol viruses in embryonated egps. Serological methods- ITucmagglutination and
Haemagglutination inhibition. Complement fixation. Imnwnollzorescence methods,
EL1SA and radivimmunoassays, Physical and clemical assays, [nleclivily assays,

Section B Baeterial and Plant Viruses

Bacierial virusces: Bacteriophage structure, organization and life cycles
{Lysogenic and Lytic), One step growih curve. Transcription. DNA replication. Lclipse
phase. Phage production. Burslt sjze, Bacleriophage typing, Applications in baclerial
genelics. Viruses of cyanobacteria, alguc and fungi. Plant Viruses: Classification and
namenclalure, Effects of viruses on plants: Paddy. Colton, Tomato, Suparcane.
Transmission of plant viruses wilh (insect, nematodes, fungi) and witheur vectors
(Contact. seed. pollen).

Section C Animal YViruses

Ammal Viruses: Classification. nomenclauzre and structure af animal and
human viruses. Life cycle of RNA viruses: Picomic Crihomyxo, Paramyxo, Toga
iand arbo- virus. Rhabdo, Roto, HIY and ONncogenic viruses. DNA vinuses: Pox. Hemes,
Adeno, SV 40, Hepatilis viruses, Viral vaccines, interferons and antiviral drugs,
Text Books:

I. Morag C. and Timbury M.C. 1994, Medical virology. X/c. Churchill Livingstone,
l.ondon.

2. Dimmock N.J.. Primrose S.B. 1994, introductior to Medern Virology. [V/ie.
Blackwell Scientific, Qxford.

3. Conrat H.F.. Kimball P.C. and Levy J.A. 1994, Virology-I[/¢. Prentice Hall, New
Jersey,

4. Mathews R.E. 1992, Fundamenials of Plant Virology. Academic Press, San icgo.
5, Topley and Wilson 1995, Text book on Principles of Bacteriology, Virology and
Immunology. Edward Arnold, London.

6. Leanciter E.H. 1984, Diagnostic procedures for viral and Rickelssial diseases.
Amcrican Public Health Asso., New York.

7. Hayes W, 1983, The genetics of Bacteria and their viruses. Blackwell Scicentific
Publishers, London.
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MIC 430 Sk Microbiology of Wasles aind Waste Remediation (3L) (3h/week)
Scction A Wasicwater Broremediation

Biaremediation and Bioaugmentation: Pollution. wasles, their Lypes and
characlerization, Methods of treamtment-Physical, chemical, biological-acrobic and
anacrobic {Oxidalion ponds, FHIRABP, ASP, Trickling Filter, Fluidized Bed Reaclor,
Biopas, Rotaling contaclor). Bioaccumulation ol metals and dctoxilication,
biosorption. scavenging. Biodegradation of Xcnobiotics (Pesticides and dyes).

Scection B Biofiims nnd Solid Waste Remedintion

Biefilms in natural and manmade environments. Solid waste treatiment
(Agriculturaifurban); Degradable wastes: Saccharilicalion. gasification, composling.
vermicompost mushraom compaost, cnsilage. Uhilization ol'solid wasies- [ood {SCP,
mushcoom, veast), luel (clthanol, methane-biogas plant), manure.{(composting). Non
biodegradable solid wasle and its management: Landfll development, incineralion
and rceycling.

Section C Flue Gas Management & Nanotechnology

Flue Gas Management: Trcalment strategics and microbiological options.
Fuel desutlurizalion. Biclogical ulternatives lor xenobiolic and Chemical synihesis
{biopesticides. biosurfaciants, biocolours and Biefuel). Genetically Enginecred
Microorganisms for bioremedialion. Genelic modification ol creps. Environmental
concemns regarding release of GMQOs.

~  Wanotechnology : Concepl, scope and lechniques. Wicroorganisms and

nanotechnology.
Text Books:
I. Alexander M [97]1. Microbial Ecology. John Wiley & Sons Inc., New York.
2. Eldowney E¢ S., Hardman D). and Waite § 1993, Pnllution: Ecology and
biotretament, Longman Scicntific Technical,

3. Baker X1 and Herson DS 1994, Bioremediation. Mc Graw Hill Inc.. New York.

4. Norris JR and Pcltipher GL 1987. [ssays in agricultural and fvod microbiclogy.
Jobn Wiley & Sons, Singapore.

5. Michel R, 1999, Inlroduction lo cnvironmental microbiology.

6. Atlas & DBartha, Microbial Ecolopy

7. Mayer & Maver, Environmental Microbiology

8. [ndu Shekhar, Environmental Biotechnology

9. Environmenial engincering and management S, K. Dhameja, Publ: Katana & Sons
10. A wxl book of environmental chemistry and pollution control S. 8. Dara

11. Biotechnology U. Salyanarayana

12. Experimental ecology R.M. Allas ;

13. Asscssing Ecological Risks of Biolechnology Lev R. Ginzburg

t4. Environmental biolechnolegy G M. Livans and J. C. Furiong

I 5. Environmental biolechnology A. Scrage, Oxford

[6. Cnvironmental Microbiology — A Laboratory Manual Pepper ct. al

17. Genelic centrol of environmenta! pollutants Gilbert & Alexander

18. Flandbaok of water and waste walcer treaument Technology Paul

[9. Waste Waler Treatment Arccivala

20. Environmental Microbiology by A H. Yarnam & M.G Evans, Manson Publishing
Lid., 2000.

21. Manual of Environmental Microbiolegy by Christon ). HursL, Ronald L. Crawford,
Jay L. Garland. David A. Lipson, Aaron L. Mills, ASM Press, 2007,

22. Environmental Microbiology by W.D. Grant & P.E. Long, Kluwer Academic Pu
23. Ewesis LT, Al, 1998. Bioremedialion Principles. Mac Graw FHill,

24, Dart. R.K. and Shettron R.J. 1980, Microbiological aspects of pollution control. 2 ¢d.
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YWebsites ,
EPA Microbiology Resources. hip://www.epa.rov/nerlcwww /microbes/
cpamnicrobiology. himl

A Microbiology Home Page hitp://wwwepa. povierlewsww/findex, i ml

MIC 431 Sk Industrial Microbiology (4L) (4h/week)
Seclion A

Microbial Fermentations: Metabolic pathways and metabolic control
mechanisms. Indusirial production ol ¢itric acid. lactic acid, enzymes (alpha-amylase.
lipuse, xytasc, pectinases, proleases). acclone- butanol, lyvsine and glutamic acid.
Vilamin B, and riboflavin fermentation.

Scction B

Microbial production of therapeulic compounds (beta-lactam,
aminoglvcosides, ansumycins (Rilamycin), peplide antibiotics. quinolinones).
Diotransformation ol steraids.

Modern (rends in microbial produclion ol bioplastics (PI11B. PHA).
bioinscclicides {thuricicde), biopolymer {dextran, alginale, xanthan. pullulan).
Biofertilizers (Azotobacter, Rizobium, Cyanobacicria. Mycorrhiza. -zolfa and
Phosphate solubilizing microorganisms).

Seclion C

Alcoholic brews: Types and their production.

Brofuels. Uselul features ol biofuels. Gasohol. Praduction ¢l ethanel from
sugar, molasses, sturch and cellulosic maierials. Ethanol recovery. Biogas production
(biemethanation). Algac as biodiese]l (cedstock and its praduction. Microhijal
production ol hydrogea gas, Microbial Fue] Cell.

Immobilization. Techniques Ior whole cell and enzyme immobilization.
Application and advantages of cell and enzyme immobilization in pharmaceutical,
[ood and finc chemical industrics.

Books

I. Biotechnological [nnovations in Chemical Synihesis, BIOTOL. Publishers /
B3ultenworth- Heinemann.

Z. Industrinl Microbiology by G Reed (Ed). CBS Publishers (AV] Publishing Co.)
3. Biology of industrial Microorganisms by A.L. Demain.

4. Genetics and Biotechnology of Industrial Microarganisms by C.1. Hershnergey.
S.W, Queener and Q. Hepeman. Publisher ASM,

3. Annual Reports in Fermenlation Processes by D. Pearlman, Academic Press.

6. Fundamentals of Biochemical Engincering by Bailey and Ollis.

7. Amnal Review of Microbiclogy by Charles E. Cliflon {Volumes)

8. Biolechuelogy, A Textbook of Industrial Microbiology by Creuger and Creuger.
Sinacur pssociates.

9. Manual of Industrial Microbiology and Biotechnology 2nd edition by Davis LI,
and Demain AL, ASM publications.

1. Biatechnology: A Text Book of Industrial Micrabiolagy by W. Crueger & A.
Crueger, Panima Publishing Corporation, New Delhi/Rangalore, 2000,

Il. Principles ol Fermentation Technolopy by P.F. Stanbury, W. Whitaker &S.J. Hall.
Aditya Books (P) Lid., New Delhi, 1997,

12. Modern Industrial Micrabiology & Biotechnology by N. Okafer, Scientific
Publishers., Enfield, USA., 2007, |

13. Fermentation Microbielogy and Biotechnology by El Mansi & Bryee, Taylor &
Fraucis, London, Philadelphia, 1999,

I4. Fermeniation Biotechnology by 0.1, Ward. Open Universily Press, Millon Keynes.
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UK., 1989 .

5. industrinl Microbiology: An Introduction by Wailes, Morgan, Rockey & Highlon,
Blackwel! Seience, 2001.

15, Biclogy of Industrial Microorganisms A_L.. Duncun

i 7, Microbial Biotechnology A. N. Glazer and 1. Nikaido

18. Molecular Industrial Mycology Leong & Berka

19. Manual of Industrial Micrabiology and Biotechnology, Demain & Davies, 2nd cd.
20. Microbial Biotechnology A. N, Glazer and H. Nikaido

21, Biotechnology An Introduction Susan R, Barmum

22. Topics in Enzyme & lermentation Biolechnology Volumes by Wisemen

MIC 432 Sk Gmmicrubiulug}"& Agricultural Microbiology (4L:+ 2F) (10h/week)
The course is divided into.two papers, Part I Theory and Part 1T Practical.

Part [ Theory
Section A Geomicrobiology _
Almosphere and its microbiology. Geomicrobiology: Basic concepts in Bi pgeacemical
cycles. Biogeochemical cycles of Carbon, Nilrogen, Phosphorus and Sulfur,
Geomicrobiology of Iron, Magnesium, Manganese and Calcim, .
Bioleaching and biomining. Mechanisms of biogeohydrotechnology of SUIF.hldl{:
minerals, Mclhods of biogeohydratechnology. Biobeneficiation, Acid mine drainage
formation and control. ,
Fossi! fuel microbiology-Pelealeum praspecting, migration, MEQR. Petroleum
degradation,
Section B Soil Microbiology
Soil Microbiology: Soil, its formalion, physical and chemical characteristics. Microflora
of various soils. Rhizosphere and phiyllosphere. Biological nitrogen fixalion. Nilrogenase
and its regulation. Symbiotic and non symbiolic nitrogen fixalion. _
Biofertilizers versus ferilizers. Mycarrhiza. PGPR. Process, struclure, biochemistry
and genclics of Rhizobium-legume. Frankia-nonlegume, and Anabaena-Azolia
symbiosis.
. Seclion C Aquatic Microbiology _

Aquatic microbiology: Freshwater (Ponds, lakes, streams) and marine
habilats {esiuaries. mangroves, deeps sca, brackish water, hydrothermat vents, salt
pans, coral reefs). Zonations of aquatic ccosysiems. Upwelling. Potabilily u:fwaler.
Microbial assessment of waler quality. Water purification. Water bome d_IEE-HSES-
Eutrophication. Algal/cyanobacterial blooms and toxic algae, Subterranean microbes.
Ground water contamination.

Part 11 Practical

Experiments based on part [ of 1his course.
Texi Books: '
1. Alexander M 1971. Microbial Ecology. John Wiley & Sons Inc., New York.
2. Alexander M. 1977. Introduction to Seil Microbiology, John Wiley & Sons New York.
3. EmeassL WC 1982, The environment of the deep sca. Vol.Il J.G. Morin Rubey.
4. Marshail KC 1985. Advances in Microbinl Ecology. Vol.8 Plenum Fress.
5. Burns RG and Slater JH 1982, Experimental Microbial Ecology. Blackwell
Scientific Pub, Oxford. _ .
6. Norris JR and Pettipher GL 1987. Essays in agricultural and food microbiology.
John Wiley & Sons, Singapore. ,
7. Burges A and Raw F 1967, Soil Biolopy. Academic Press, Londen, o
8. Vanghan D and Malcolm RE. 1985. Soil Crganic Matter and Biological Activity.
Martinus Nighoff W. Junk Pub.

PUTEUR—————— SR T SUCEEE SR EEEE T—

MDSU/Syllabus/M.Sc. Microbiology /21

9. Buckman | ]. and Brady N.C. The nature and properties of soil. Eurasis: Puhb. FHouse
(P} Lad, New Delhi.

10. Michel R. 1999. Inlroduction w environnienlal microbiology.

11. Adas & Bartha. Microbial Ecolopy

2. Mayer & Mavyer. Environmental Microbiology

13. Indu Shekhar. Environmental Biclechnolopy

| 4. Geomicrobiology Ehrlich & Newman, CRC Press

| 5. Microbial ecolopy Bartha and Allas, Pearson Edu

16. Experimental ecolopy R.M. Atlas

17. Environmental Microbiology — A Laboratory Manual Pepper et. al

18. Microbial Mineral Recovery Ehrlich & Biericy

19, Environmental Microbiology by A.H. Varnan: & M.G Evans, Manson Publishing
Lid., 2300.

© 20, Manual of Environmensal Microbiology by Christon I. Elursl, Ronald §.. ¢ rawflord,

Jay L. Garland. David A. Lipson, Aaron L. Mills, ASM Press, 2007,

21. Lovironmental Microbiology by W.ID. Grant & P.E. Long, Kluwer Academic Pu
22. Reihcimer. G. 1991, Aquatic microbiolopy, 4 ed.

Websites

EPA Micrabiology Resources, hip://www.epa.rov/nerlewww/microlies/
cpamicrobiolooy.himl

I:PA Microbiology Home Page hitp:/Avww.epa.sovinerlewww/index_him|

MIC 433 Enerpy and Alternalive Energy (IL) (1h/weck)
Section A Introduction to Energy and Fuels
Lnergy and FFuel. Sources of energy. Current Energy scenario: Demand, supply and
prospects. Transport encrey and [uels, Pros and cons of cach luelenerpy source.
Problicms ansing wilh currenl sources ol energy and [iels. Altemalive sources ol
encrgy (Nuclear, solar, wind, tida) and othcrs).
Section B Solid fuel and Fossil fuels

Solid [uel. Clean Encrgy. Clean coal. Emproving cnergy effic.ncy. Co-generation
and other strategies. '

[Fassil fuels: Coal, Nawral Gas and Pctroleum. Pelroleum refincrics and petro bye
products, Pollution and Global warming.

Section C Bioenergy and Bioluels
Bioenergy and Bioluels: Biomass for sicam and power. Biofuel crops in the werld.
Orl crops. Slarch crops, Sugar craps. Extraclion of otl, starch and sugar. I'ood vs fuc)
conlroversy. Lignocellulosic candidates and their production. Wastelands available
in India and candidate bioluel crops [or these regions. Lilc cyele analysis of biolucls.

Content of Elective Courses
Semesters IF and TV

MIC 425 Immunology (4L) (4h/week)
Section A
Immune response: Humoral, cellular, aclively nequired, passively acquired,
Natural or innate immunily. Delerminants of innale immunity. Species and strains.
Individual differences. Inftuence of age, hormonal influence, nutritional factors,
mechanical barriers and surface secrctions, Tissue melabolites with baclericidal

~ propertics (lysozymes, nucleins, histones, prolamines). Basic peplides gF tissues-

Leukins, Phagocytins, Lecterin, Heme compounds), Other Non specific immune
mechanisms: Opsonization, Inflammalory reactions, Interferon, Complernent system:
Struclure, properties and functions. Complement pathways and bialopical
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consequence al complement activation, |

lmmune system: Organs and cells involved in immune system and immune
response. Lymphoeyies, their subpepulation, their praperties and I"uu_c:}iuﬂ::, M::mhralm.:
hound receptors of lvmph celis. Helper T cells inimmuone response., T cell suppression
in immune response. _ -

Anligens, structure, properlies and Lypes ol antigens. antigen spccn'!cﬂy.
haptens. Adjuvanis-antigen specificity. form. dose and roule al entry of antigen.
Vaccines and Lloxoids.

: Section B

[mmunily to inlcction- Theories of antigen recognition, Immunf:uglu]mlins.
Structure, heterogeneily, types and sublypes. properics. Diversily ol anubodics and
its peneration. Lymphoid cell interactions. /n vivo-immune memory.

Major Histocompatibifity Complex and Tumor Immunology: S!ruclurc :!.m]
functions ol MHC and HL-A sysiem. [1.-A and tissue transplantition. Tissue typing

methods for orpan and (issue transplantations in humans. Grafl versus host reaction

and rejection. Tumor specific anligens. Immune response 10 tumars. Immunadiagnnsjs
of tamors. Detection of wmor markers. Alphafoctal proteins, Carcingembryenic
anligen,

Section C
Immunc lolerance and autoimmunity, Immunosuppression-Specific. nonspecific.
Autoimmunitly-theorics. mechanism and discases with their diagnosis.
[vpersensitivity renctions- Antibody mediated hypersensitivity. Type I- Anaphylaxis,
Type 1I- Antibody dependent cell cylotoxicity. Type [1i- immunc cnm_plux nmglmlud
rcactions. Type IV-Cell mcdiated hypersensilivity reaclions. hnhgun-anuhpdy
ceactions- I vitro methods-agglutination, precipilation. complement lixation,
immunoiluorescence, ELISA, Radioimmunoassays. /1t vive melhods- Skin tests and
immune complex tissue demaonsteations. Applications of these methods in diagnosis
of microbial discases.
Text Books:
L. Flenderson ef af. 1999. Cellular Microbiology. Wiley.
2. de Bruijn er af. 1998. Bacierial genomics. Chapman & klall.
3. Dorman C.J. 1994, Genetics of bacterial virulence. Blackwell. _
4. Barrewt J.T. 1983. Textbook of immunelogy: An intraduction le immunochemisiry
and immunology. Mosby, Missouri. _
5. Boyd R.F. 1984, General Microbiolagy. Times Mimor/Mosby {College Pub, S1. Lou iS).
6. Davis, Dulbecco. Microbiolopy.
7. Broude AL 1981. Medical Microbiolopy and infectious diseases. W.I3, Saunders
& Co., Philadeiphia. | _
8. Chapel and Haeney 1984. Essential of Clinical Immunology. Blackwell Sci.
Relerences: : |
. Clark W.R. 1991, The experimental foundations of madern immunology. John Wiley
2. Mackie & McCarincy. Medical Microbiology. 14/¢.
3. Bailey & Scott's Diagnoslic Microbialogy. :
4. Franklin TJ, Snow GA. 1981.Biechemistry of antimicrobial aclion. Chapman &
Hall, New York,
5, Roitt IM. 1995. Essential Immunology. Blackwell Sci. Oxford.
6. Roth J.A. 1985. Virulence mechanisms of bacterial pathogens. American Socicly
for Microbiology. Washington D.C. _
7. Smith CGC. 1976, Epidemiology and infections. Medowf(ief Press Fad. Shildon,
England. ~ :
g, ‘Sg.:icm F. 1980. Immunological disorders in infants and children, W.B. Saunders &
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Co. Philadelphia. 1

Y. Todd IR, 1992 Lecture notes in immunolegy. Blackwell Sci. Pub. Oxlord.

10. Roilt IM, Brostoll and Male 1993, Immunology /e Gower Medics! Pub Co..
1. Kuby J 1994 I[mmunolagy. 2/c. W.H. IFreccman and Co.. New York.

Websites

CLELLS Alive! About unique images of micrnorganisms thal make you sick, and the
blood cells thal do battle 10 keep you well. Inclides links (o stles oflering [urther

informaltion on microbiology, inlectious discases and cell biology. hupz//
www.cellsalive.coln/

MIC 426 Sk Bioprocess Engincering (4L + 2P) (10h/weels)
The course is divided inle two parts, Part [ Theory and Part [§ Pracrical,
Part 1 Theory
Section A Biorcactors

Bioreactors: Design of a basic fermenter, individual parts, balfles. impellers,
[opm separators, sparger, culture vessel, cooling and heating devices, probes lor online
monitoring. measurement and conlrol olprocess. Reactors (or speéialized apphications:
Tube reactors. packed bed reactors. MNuidized bed reactors, cyclong reactors, (rickle
Now reactors, their basic construction and types for distribuiion of pases.

Transpourt phenomena in fermentalion; Gas- liquid exchange and mass
trans[cr, oxygen transter, critical oxyveen concentration, determination of Kla, heat
transler, ueration/agilalion and their imporance. Sterilization of Bioreaciors, nutricnts,
air supply, products and ¢ffluenis.

Section B Fermentation and Dewnstream Processing

Fermenlation process: Media formulation, selection af components, bullers.
precursers, pH adjusiment. Growth ol cuttures in the Jemnenter. Kinctics of prowlth
with respect o subsirale utilization. Specilic growth rate. Batch cullure, Fed-batch
and continueus culture. Steady state in a chemostat. Yield of biomass and producl.
Ineculum development, Storage of cultures for repealed fermentations, scaling up of
process from shake (lask Lo indusirial lfecmentation.

Downstream processing: [3iomass separation by centrifugation, filiration,
ficcculation and other recent developments, Cell disinlegration: Physical. chemical
und enzymatic methods. Methods ol exiraclion of the producl. Purification ol the
product: Concentration by precipitation, ullra-filtration. reverse osmosis. Drying and
costallization.

Section C Strategies to reduce cost of production

Expenses for industrial orpanisms, sirain improvement, mediasterilizalion,
hexing, cooling, acration, agitalion, Cosl of plant and cquipmenls, bilch process
cycic time, continwous culture, recovery and cflluent trealments, Cosl recovery due
1o vaste usages and recycling,

Prospecting: Isolation and screening microbial cultures, Screening for
prinery and sccondary metaboliles, enrichment and specific screening for the desired
prodict. Modification of medium and techniques of fermentation.

Strain improvement; Mutation and screcning of improved culteres, random
and trategic screening methods, strategies of strain improvement for primary and
secordary metabolites with relevant examples. Use of recombinant DNA technology
and frotoplast fusion lechniques. |

Produclion of recombinant molecules in heterologous systern, problems
assocated with strain improvemcent program, improvement of characters other than
praduts and its application in the industry.

Preservation of cullures.
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Part 1I Practical

Experiments based on part [ of this coursc.
Books:
I. Principles of Fermentation Technology by Stanbury. P.F.. Whitckar A. and Hall.
1995.. Pergaman, McNeul and Harvey.
2. Fermentations - A practical approach. 1RL.
3. Bioprocess Technology: Fundumentals and Applications. Stockholm K'TH,
4. Biochecmical Reactors by Alkinson B., Pion, Ltd. London.
5. Biotechnology - A Text Book of Tndustrial Microbiology by Cruper.
6. Fermcntation Biotechnology: [ndustrial Perspectives by Chand.
7. Biochemical Engineering Fundamentals by Bailey and (Hlis. Tata McGrow Hill, NLY.
$. Biolechnolopgy. Volume 3. Edited by H. I. Rehm and G Reed. Verlag Chiemic. 1983,
9. Advances in Biochemical Engineering by T.K. Bhosh, A_Ficchier and N.
Blakebrough. Springer Verlag Publications, New York.
1 0. Biotechnolopy- A textbook of Industrial Microbiology by Creuger und Creuper,
Sinacur Associates.
|1. Bjoprocess Engincering Kinetics, Mass Transporl. Reaclors, and Genc expressions
by Yeith. W.I°,, John Wiley and-Sons.
2. Applied Microbiology Series,
13. [ndustrial Microbiology by L.E. Casida, Wiley Eastemn
14. Bioseparation: Down sircam praocessing for Biolechnology by Belier, P.A. Cussler,
E.L. and Hu, W.S., John Wiley and Sons, N.Y.
15. Separation process in Biotechnology by Asenjo, JLA. Eds. Marcel Dekkar, N.Y,
16. Bioprocess Engincering Principles by Doran, Acad. Press, London.
17. Bioreaclion Engineering Principles by Nielsen, [, and Villadsen, plenurn Press, NUY.
18. Fermeniation, Biocatnlysis and bioscparation, Encyclopedia of Biaprocess
Technolagy by Chisti, Y., Vol. 5, Jahn Wiley and Sons, N, Y,
19. Cussler E L 1984, Diffusion, Cambridge Universiiy ress.
20. Fermentation Microbiology and Biolechnology EL-Munsi & C.F. A.Bryce eds
21, Bioprocess Engineering P.K. Ghosh
22. Bioseparations: principles and lechniques B. Sivasankar, PHI, New Delhi
23, Process Biotechnolopy Fundamenlals §. N. Mukhopadhyay
24, Demain, A.L. and Davies, J.LE. (1999). Manual of Industnal Microbiology and
Biotechnology. ASM Press.
25, Glick, B.R. and Pastemak, J.J. (1994}, Molecular Biolechnology, ASM Press.

MIC 427 Sk Biofuel & Bioenergy (3LA2P) (9h/week)
The course is divided into two parts, Part [ Theory and Part [[ Practical,
Part ] Theory

Scction A :
Biomass for enerpy. Calorific value and its estimation. Co-pencration of cnergy.
Alternatives as biofuels: Alkanes, Biobutanol, biocthanol, biomethanol, biodiestd,
biogas, hydrogen, syngas/synfuels and other encrgy dense molecules and thar
COMpAarisans.
Starch 1o sucrose conversion and Sucrose to ethangl fermenfation. Distillation ad
Quantification of ethanol. Biobutano! production, Estimation of biobuianol. Biogs
production. Biogas and methane eslimation. Lignocelluosics hydrolysis, I'ermentaton
of penioses and other issues in bioethanol production [orm lignocelluiosics.,

| Section B

Global biadiesel scenanio. Oil crops. Waslewalter remediadinn and biomass generalon
for -biofuel purposes, Commercialized microalpae (Spirnfing, Dunaliela,
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Hmum-:fcucr:rm, Chivredfa, and others) and their production. Svstems of Cullivation.
Imru};sllpg and prolection from pgrazers, Economics ol mi;:malgnu production.
Cultivation ol scaweeds. Techniques ol lipid ¢xtraction and conversion 1o biodicsel
(lipid transesierification), Biodiescl quality and its assessment,
Section C
Food vs Fuel debate. Carbon sequesiration and its necessily, Carbon credils
Biorelinery. Thermochemical Conversion Processes (Gasilication: Biolucls I"n:-n;
.‘:‘-:.'nlh-.:::_is Gas ind Pyrolysis) Biochemical Conversion Processes. Photobiological
conversion: Biohydropen production
L.ignum:llulu:-'.i-:: and cellulosic wastes as prospective encroy sources: biopas or
bicalcohol or biocnergy? Stratepies of genctic engincering ufﬁrgmﬂs;ms lor biofuel
production. Microbial Fuel Cells,
Part I1 Practical
I:xperiments bused on part | ol this ¢course.
MIC 428 Sk YFood Microbiology (3L + 2P) (Ohfweek)
The course s djvided into (wo parts, Part | Theary and Part 1] Praciical.

Part ] Theory
Section A Basic Principles of Foou Microbiology
~lFood as substrate for microorganisms: Microorganisms important in leod
pncrnbm]ng}'-rﬂulds. Yeasis and bacteria, General characteristics. classification and
Importance. Principlesof food preservation, Ascepsis-Removal of MICTOOrZAnisims
!jnna-.:mbiu: canditions. high lemperalures, low lemperature. deying). Faciors
miluencing microbial growth in lood. Extrinsic and intrinsic hclors. Chemical
prescrvatives and [ood additives. Canning. processing ot heat trealment-D. 7 and F
values and werking oul Ircalment parameters.
Section b Foed Spoilape and Food Borne Infections
Contamination and spoilage: Cereals, Supar products, vepetables, [Tuits,
meat and meat products, Milk and milk predncts, Fish and seq foods, poullry, spoilage
of canned {oods. IDelection of spoilage and characterization. d )
Food-bome infections and intoxications: Bacleriul and non baclerial with
examples ol nfective and Loxic types- Briceila, Bacitius, C lostridinum, Fxcherichia
Sa.’m_mm:’.’n. Sugella, Staphylocaccus, I'ibrio, Yersinia. Nematodes, prolozoa, ulgﬂcl.
fungi and viruscs. Food borne cutbreaks, Laboratory Lesting procedures. Prevention
measures. [Faod simitation in manulactlure and retail trade.
Section C Fermented Food Products
Food fermentation: Bread, Cheese, Vinegar. Indian fermented Toods. [dli.
T:Jun-buvcnr_agic. Plant based fermented foods — Miso, O, Oiives, Pickles, Saucrkriaug,
S0y sauce, Tempeh. Meat and fishery products. Counlry cured hams, Dry sausages,
Eatsuobushi.
Fermented dairy products. Butler, Butler milk, Sour cream, Youghurt.
Cheese, Kelir, Koumiss, Tactic and Tarhama. Experinientat and industrial produclion
methods. Spoilage and defects of lermented dairy producs.
~ Food produced by microbes: Microbial cell as food (SCP), SCO. Mushraem
cultivation. Production of yeast (Baker's yeast as lood and lodder. Food control
agencies and repulations, Planl sanilation. Employvees® health standards. Waste
trcatment. Disposal. Quality control. Genetically modified foods.
_ Part [ Praciical
Experiments based on part ! of this course.
Text Books:

|. Adams MR and Moss MO 1995, Food Microbiology. Royal Society ol Chemistry
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Pub.., Cambridge.

2, Fravier WC and Westholl' DC 1988. Food Microbiology, Taia Mc Graw Hill Pub
Camp. New Delhi.

3. Rabinson RK. 1990. Dairv Microbiology. Elseyvier Applicd Scicnees. London.
4. Banwan (I 1989, Basic Food Microbiology. CBS Pub and disteibuiors. Delhi.
5, Hobbs BC and Roberis 2 1993, Food Poisoning and Faod ygicne. Edward
Arnold (A division 0 Hadder and Stoughton) London.

Websites

The *Bad Bug” Book. This handbook, developed by the Food and Drugp
Administration. provides basie [acts regarding lvodbarne pathogenis
microorganisms and natural toxins, hitp:/Avww. fda gov/Faod/
FoodbornellinessContaminants/CausesOMInessBad BugBook/delaul,hom

MIC 429 Sk ENZYMOLOGY (3L} (3hAweek)

Scction A
Enzymology- Introduction, Nomenclature and classilication, General characleristics
of enzymes, Aclivalion energy, Coupled reactions, active site and its imporance,
[Favtors inlluencing catalvlic efficiency,
Enzyme kinetics, Rapid Equilibrium, Henry-Nucgaekkus-Mentens cquations. Steadx
Slate approach, significance of K. Haldane cquation. Velocily vital Substrale
concentralion curves,
Methods of plolting cnzyme Kinctics data-Lineweaver-Burk, Hanes-Woolf, Woolf-
Augustinsson-Hofstee. Eadsie-Scatchard; Advantages and disadveniages of the
melhocs, Comparisons and applications: Inegrated lform of the Henry-Michaclis-
Menlen equation.

Scclion B
Equilibrium dialysis, Scaichard plol for equilibrium binding. Eflecl of pH an cnzvme
stability and aclivity, Effect ol temperalure on enzyme stability, Arrhenjus equation.
Formation of E.5 covalent int¢ermediates, transient kinetics, (low lechnigues
{continuous, stopped. quenched), Temp-Jump. General mechanistic principles: Role
of proximity eftect, bound distartion, multistep catulysis, bilunctional catalysis nnd
solvent clfects.

Scction C
Regulation of enzyme activily: Feedback inhibition. reversible covalent madificalion.
trrever sible covalent modificalion. allosteric concepl. Asparlate iranscarbamylalse,
ligand-protein interuction, scaichard plot, Hill plot, cooperativily index, Models for
altostery (MWC, KNI, Hall site reactivily.
Enzyme Inhibition, Models and Lypes of inhibition.
Applied enzymology: Application of cnzymes in analylical labs. (clinical and
indusirial), enzymes as indusirial catalysts. Immobilized enzymes, enzyme clecirades,
assay of enzyme activities for diagnostic purposes, abzymes, recent developments.
Books

1. Cook P. F, Cleland W.W, Enzyme Kinetics and Mechanism. Garland
Science Publishing. Londop, England and New York, USA, 2007,
2. DBuchhelz K., Kasche V., Bornschcuer U.T. Biacatalysts and Enzyme
Technology.
MIC 434 Sk Bignflormatics {Pre-requisite MIC 404, 408)

Section A
Intreduction to bicinformatics, Microbial and cukaryatic genomes. Genome analysis.
Introduction to genomic libraries and pene cloning. DNA sequencing technologies :
Conventional sequencing and automated sequencing, Next generalion sequencing
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lechnologics. Daabase: Types of daabases. Dawabase structure, accession codes and
identiliers, Database searching lools

Scelion BB
Homology, [imroduclien to sequence atignment. Global, local and semiglobal
alignments, optimal and suboptimal alignments, Painvise alipnments: Dot blots.
Dynamic programiing algarithms, CGap penaltics, scoring matrices for DNA and
Protein, Hewrislic methods: BLAST, FASTA. Sullix Trees and suflix arravs. Paltemns.
rofiles and Multiple sequence alignmenls. Software for multiple alignment.
Annolations ol genes,

Sectlion C

Phylogencuc analysis ; Introduction to Molecular phylogeny: Cladistics.
Phylogenetic lree construction: additive treas and ulirametric irees. rooled, unraoled
trees and tree shapes, data Likehheod. distance, parsimony and probabilistic mnethods.
soflwares for making phylogenetic Irces - MEGA. Phylip. Annolation of genome.
Gene prediction.

DNA microarmy. Analysis el single nucleolide polymorphisms using DNA
chips. Prolcome analysis: Two dimensianal separation of total cellular proteins,
1solition and scquence analysis of individual prolein spots by mass speciroscopy.
Protein microarray.

Text Books: :
l. 2000. Genomne Analysis. 4 volumes, CSH Press
2, Peruski Jr. and Deruski 1997, The intemet and the new biclogy: Tools (or Genomic
and Molecuiar Rescarch. {ASM Press).
3. Thunt 5P and Liveey R{ED).2000. Funciicnal genomics: practical approach (QUP).
4. Schepa M. DNA microarriys: A practical approach (QUP)L
5. Buaxevanis A.D. and Quelletie. Bioinlormatics: A Practical Guide o the Analvsis
ol Genes and Proteins 3™ Ed: John Wiley and Son Inc., 2005.
6. Higgins & Tuylor Bioinformatics 2000
7. Raderic D. M, Page, Edward C, Holmes {1998). Molccular Evolulion: A
I"hylogenclic Approach. Blackwell publishing, USA.
8. Principles ol Genome Analysis; A Guide to Mapping and Scquencing DNA from
Diflerent Organisms by 5, B, Primrosc (Paperback - Jan 1998)
9. Microbial Genome Methods by Kennethh W. Adolph {lardcover - QOct 28, 1996)
10. Genome Mapping and Sequencing by lan Dunham (tHardeover - Sep 1. 2003).
[l. Brendan Wren (Editor), Nick Dorrell (2002) Functional Microbial Genomics
(Volume 33) (Methods in Microbiology), Academic Press. UK.
12, W.I. Ewens, Gregory Grant,(2005). Slatistical Mcthads in Bioinlormatics; An
intraduction (Stalistics for Biolopy & [ealth), Springer
| 3. Bryan Berperon ( 2003).Bioinformatics Computing First Indian Edition, Prentice
I-lnll
[4. Cynthia Gibas & Per Jambeck (2001). Developing Bioinlormatics Computer
Skills: Shrolt Publishers & Distributors Pyl Lid (O Reilly), Mumbai
153. HH Rashidi & LK Buchler (2002), Bioinformatics Basics: Applications in
Biolegical Science and Medicine, CRC Press, London
16. Des [liggins & Willie Taylor (2002). Bioinfermatics: Sequence, structure and
dalabanks, Oxford Universily Press |

MIC 435 Biostatislics & Computational Biology (4L) (4h/week)

Section A

science, scientilic methods, scientific approach, Types of rescarch.
Lxploratory and descriplive, Hypothesis, theary and principle. Meaning, scope and
nced al stalistics, Data, population, sample, statistic. Variables and their types. Basic



28 / MDSU/Syllabus/M.Sc. Microbiology

assumplions in quafitative and quantitative, paramctric and non paramelric siudies,

Basic principles of rescarch design. Purpose of designing. Theorv and
design in quantitative research. Delinition and 1ypes of qualitutive research. Methods
and 1echniques ol data callection: Group discussions, interviews, key informants, in
depth interviews, observations, social mapping.

Data gathering tools: Observation, questionnaire, intervicw, scaling
mcthods, case study. Experimental rescarch: Reliability and validity of measuring
instruments. Freclsmn and Accuracy. Probability. Sampling and its types.

Section B

Interpreting Resulls: Assumptions, bias, repeatabilily. Descriptive statistics-
Classilicalion and tabulation of data. Proportion and count dara. Graphic
representalion and {reguency distribution, Statistical inference. Measures of Central
Tendency- Mean, mode median. Measures of dispersion- Meua, deviation, standard
deviation, variance and cocfficient of variance.

Hypothesis testing: Slatement of hypothesis, Null and allernale hypothesis.
Conlidence limits, Types of ercor, Standard Error. Paramelric and Non parametric
lesls of significance: goodness of fit, Student’s t-, [ -, chi square, Kruskaal Wallis'
H-. Wilcoxon's T- and Mann Whilney’s U- test.] '

Section C

Correlation (Pearson’s and Spearman’s), testing significance of correlalion
coeflicient. Lincar repression. Cocflicient of determination.

Experimental designs, their types. advanlages, disadvaniages. Analysis of
variance: One way and two way ANQVA. Critical difference or least significant
difference.

Data processing and presentation of results. Usc of spreadsheels and
statistical Lools in computers. Computers in laboratory {LIMS) and learning {CAL),
taxonomy, clinical micrabiology, fermentation technology, simulation and modeling.
Compuiers as audio visual aid and as word processor. Use oflinleret. Search engines,
gnding scientific articles - Pubmed — public biological databascs.

ooks
1. Bliss C.LK, 1967, Statistics in Biology. Vol. . Mc Graw Hill, New York.
2. Campbell R.C. 1974. Staustlcs for Biologists. Cambridge Universily Press,
Cambridge.
3. Hewilt W, 1977, Microbiological assay. Acudemic press, New York.
4. Hardlaw A.C. 1982. (i) Four point parallel line assay of penicillin pp. 370-379. (ii)
Microbiological assay of a vilamin-nicotinic acid. Pp. 214-233. In: S.B. Primrose

and A.C. Waardlaw (eds) Sourcebook of experiments lor the teaching of microbiology. .

Academic Press, London.

5. Wardlaw A.C. 1985, Praclical statistics for experimental biologists. John Wiley
and sons, New York.

&. Ron White, 2000, How compulers work, Techmedia.

7, Preston Gralla 2000. How the internel works. Techmedia

8. Holmes D., Moody, P. Dmc D. 2006. Research Methods for the Biosciences,
Oxford Unwcrsuy Press,

9. Kothari CR 1990, Research methodelogy- Mcthods and Techniques (2/¢). Vishva
Prakashan, C.A. Division of Wiley Easlern, New Delhi.

10. Gupta § 1999. Research methodology and statistical techniques. Deep and Decp
Publications, New Delhi.

11. Scomshaw NS and Gleason GR 1992. Rapid assessment procedures. Quantitative
methodologies for planning and evaluation of health related programs, Intemalional
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Nulrition Foundation lor Developing Countries, Boslon.

12. Van Maanen 1983, Quantitative methodology, Sage publications.

13. Cook ID> and Reichardt CS 1979, Qualitative and quantitative methods in
evaluation research. Sage Pub., London.

14, Creswell J 1994, Research design: Qualitative and quantitative approaches.
Thousand Gaks. CA, Sage Pub. .

15, Denzin NK and Lincoln YS 1994, lHandbook of qualitative research. Sage pub.
16. Mienert CL 1986, Clinical trials: Desipgn, cenduct and analysis. Oxford Univ
Press, New York.

| 7, Arora PN & Mathon PK (1996}, Biostatistics Imalaya Publishing [ [ouse, Mumbiii.
18. Sokal & Robil (1973). Introduction lo Bieslatistics, Toppan Co. Japan.

19, Stanton A & Clantz, Primer of Biostaustics {2003), The McGraw il [ne.. New York

9 Assessment and Evaluation

9.1 Breakup of Internal/External End Semester Examinations

9.1.1 All subjects in a PG programme shall carry an Internal Assessment component
lo the exlent of 40% marks and End Semester lor 60% marks. For UG programs
i should be 30% marks internal and 70% marks for external,

9.1.2 1n case of Laboralory/Field/Project work based subjects, appropriate distribution
of marks far Practical Record/Project Report, Practical end-Semester exam,
Viva. elc., if any shall be made by the respective Commitlee ol Courses/Board
of Studies.

9.1.3 A student shall not be permitled Lo repeat any course andy tor the pumpase of
improving Lhe grade.

9.2 Breakup of Internal/Continuous Assessment Marks

9.2.1 Each teacher shall organize a continuous assessment of ¢ach ol the courses

assigned o him/her. The internal assessment shall be as per the [ollowing breakup:

S No, hem Max Marks

I Internal Assessiment Tesls/Term Papers/Quizzes (Iwo)} 1 x 30 or2 x15 30
2 Seminars/Assignments/Case Demos/Presenlalions/Write ups/ Viva, ete. 10

Total 40
9.2.2 It is mandatory [or all students 1o paﬂlclpﬂtL in all the Internal Asscssment lests
and in various coursc-work related activitics for award of the above marks, Therefore
a schedule of Intemal Assessment tests shall be prepared by the Course Leader and
infortned ro Lhe students at the very beginning of the scmesler,
9.2.3 Internal Assessment marks shall be displayed within a week from the date of
canduclof examinatinn and all corrected answer papers shall be given back Lo siudents
with comments, il any.
9.3 End-scmester examinations
9.3.1 An End Semester examination shall be conducted for all courses aflered in the
department. The duration of the end semester examination shall be [or 3 hours,
9.3.2 All Papers except for those of the Foundation courses will be set and evaluated
extemally for a maximum of 60 marks. The papers for Foundation Course will be sct
and cvalunicd by the Course leader or an examiner appainted by the Head of Lhe
Department concerned. [n case of a Foundation course (hat is nol being run by any
department, the Dean of the faculty may appoint the examiner. A minimum of 22
marks will be required to pass in the paper. '
9.3.2.1 Question paper for each Core and Elective theory paper will have (hree
seclions: Parl A, B and C.

b. Parl A (Maximum 9 marks) will have 9 questions of | mark each, all of



30 / MDSU/Syllabus/M.S¢. Microbiology

which must be attempted by the candidate, This part will huve at least three questions sel
Irom cach unit of he course contents of the paper. Wordl limil Lor the answers is 20 only.
¢. Part B (Maximum | 5 marks) of the question paper will have 5 compulsory
questions. Aminimum ol | question will be asked (rom vach unit of the cours¢ content
of the paper. Each question will carry 3 marks. Word limil for the answer 15 50 only,
d. Part C (Maximum 36 marks) will have total 3 questions, one [rom cach

unit ol the course cantent of the paper. Fach question will carry 12 murks and will have

onc choice [rom the same unil, Word litnit for the answer 10 each question is 400 only.

9.3.3 A schedule of End Semester examinalions be prepared by the Examinntivn

Section and displaved a1 the departments al least one-month ahead of the conduct of

the examination. _ .

9.3 .4 No student who has less than 73% attendance in any course shall be peanitted 10

attend the end-semesler examinalion and s/he shall be given grade ol FA-fnilure due to

'lack of anlendance. $/He shall be asked to repeat that course the next lime it is offered.

9.4 Conduct of End-Semester Exams and Evaluation

9.4.1 End-Semester Exmination shall be conducted by tie University by inviling

Question Papers from the Extemal Examiners.

9.4.2 An altemative Question paper should also be made available for any contingency.

9.4.3 The scheme of the paper must be as has been stated at 9.3.1 and 9.3.2

9.4.4 The answers papers of end-semester examination (theory) should be cvaluated

by the Exicrnal Examiner,

9.4.5 For practical examinations. there will be a panel ol examiners consisling ol
one external and one internal examiner.

Following shall be the distribution of marks in practical courses or the Board of
Studics/Commiltee of Courses mity modify il as per their requircments:

5. No. ltem Miuximum marks
1 Experimental work assigned during examinition 60
2 Record 20
3 Viva voce 20

9.4.6 A pane} of examiners cansisting of one external {a facuity rom the departments
of MDS University, other than department of microbiology/faculty from local
inslitulions/instilutions from other citics) and one internal examiner (facully [rom
Lhe department of microbiclogy) must cvaluate shortmedivm term projects. Followtng
shiall be the distribution of marks for the short term projects or the Beard of Swidices/
Commitlee of Courses may modily 11 as per their reguircments:

5. No. [lem ‘ Maximum marks
i Project repord T
2 Viva voce : 30

9.4.7 Evalualion al long term prajects/dissertation/research work shall also be done
by the panel of examiners consisting of onc exlernal and one internal expert.
Distribution of Marks for (he evalumion of Long term projects may be as below or
the Board of Studies/Commitlce of Courses may modify it as per their requirements:

5. ‘ltem Max
No. Marks
I  Ground work/Review of lileralure 5

2 Plan of work 3

3 Conduction of Experiments 5

4  Presentation of daia 3

5  Analysis of data 10
6 Presenting weekly reports (20 min seminars+3min discussion) 20
7  Report Wriling 5
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% Presentation os Semine 08 min = min discossiond and Presentition 1)
an Poser Paper

U PPopular writing on socinlfseientific Issuesmireness: presenting on 5
public platlorm

1O Presentation af seminar (10 mind in (ent of examinugon paogl 1)
{One external. one miernal)

11 Viva Voce 201
Tonal 1-9) T O}

1) Censalidition of Marks
161 The Head of the Department must send the award list of The mternal assessment
e the examination seetion. The examination section shall consolidate the Internil
Assessment marks and End-Semester marks (average ol both Internal il External
v aluation) and prepare a consolidated Stitement of Marks.
10,2 In order o deelare the pass, 2 Student should get a minimum of 0% oarks in
acoregate of Intemal Assessment and End-Semester marks.
([ Supplementary Exnmination
111 A Miled student who meets the aitendance reguirement and has a minimwim ol
%y in interna! assessment niacks may be perminted to register lor the nest end-
cemuster examination in the semester in which the course is offered nest.
11,2 Stadents who have failed due o insuiTicienl attendance and/or less than 40% in
e total of Internat Assessmentand end term examination should repein the course
a5 and when it s oflered.
12 GRADING AND GRADE CARD
I he Examiration Section shall prepaie two copics of the results. one with marks 1o
he sent to the Department and another for the University OfMice. nat later than 15
diny s aller the Tast day of semester examinations.
12.1 Letter Girndes
24.1.1 Perfonmances of students in each paper are expressed in tenms ol marks as
well asin Leiter Grades. In case of fractions the marks shall he rounded ol toneares
iteger. The cliss interval Tor the purpose alawarding the pracles cian be arrrvesd al by
Jividing he difference between the highest mark secured and the mimmum pass
mark 1 7 us there are seven passing grades. The formula 1s given beiow:

o (X-d0V T

Where, K = cluss inlerval, X= the highest mark in the subject,
12.1.2 The grades may be awarded as given in the Tollowing Lable:

Range oi Marks in % Letter Grade Points for Calculation off
GPA/ CGPA
N oo (X-K 9 10
V=Ko (X-2K)+1 At 0y
i X-2K) o (X-3K)+ A 8
§N-3R) o (X-ARO B+ 7
(N-dK) W (X-3K) -] 13 4]
| }-5K) o (X-6K )+ (. 3
| {X-06K) o 40 P i
Helow 40 I 0
I-aibure due o lack ol attiendanee { A ()

12.1.3 K should not be rounded ol o less than two decimal places. The number:
given in Range of Marks column, (X-K). (X-2K). (X-3K). cic.. can b
rounded o7 Lo the nearest whole number.

1214 Incourses where the number of students who have secured 40 mirks anc
abose is less than 10 then grading may be given based oo the Table
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Range of Marks in % Letter Grades i"atn7: for Calculation of
GPA, CGPA
81-100 0 10 '
(71-80 S 'R
66-70 A 8
61-65 B+ 7,
5660 B 6
| 50-55 : C 5
" 40-50 P 1
<40 I {

12.1.5 The GPA and CGPA will be calculated as weighted average of points secured
by the student in all the papers registered oy hinvher. The weighls arc the number of
credits for cach paper. For exampic. a student geliig an A+ grade in'd credit course,
A grade in 2 credit course, O grade in a 3 credil course and F grade in a 3 credic
. course will have a GPA as (9x4 + 8x2 +10x3 + Ux3)(4+2:+343) = (36+16+30+0)/
|2=82/12 = 6.83 oul of 10.0: GPA = 6.83. The CGPA shall also be cateulated on
similar lines taking all subjecls taken by the students inall semesters,
12.1.6 Student with a CGPA of 9.0 and above and who did nol fail in any of the
courses taken by kim/her shalt be awarded Distinction.
12.1.7 ACGPA of 6.0 and above shall be placed in First class,
12.1.8 Student who has secured fess than 40% marks in any paper gets IF Grade g
he is Irealed as failed in that paper.
13. Grade Card
13.1 The University Office shall issue a Grade card for the students containing the
marks and grades obtained by the studeat in the previous semester and Grade Point
Average (GPA) and Cumulative Grade Point Average (CGPA) (Proforma VI).
13.2 The grade card shall list:
The titlc of the courses taken by the siudent.
The credits associated with the course,
The morks and grade secured by the studenl.
The total credits carned by the student in (hat semester
The GPA of the student.
The total credits camed by (he students tll that semester.
The CGPA of the student.
14. Conditions lor the Award of the Degree/Diploma/Certilicate
I4.1 In case a student admiued 1o the Programme opts out of the Programme afler
successful completion of
*  Semesler I, hefshe will be awarded PG Centificate in Basic Micrebiology
«  Scmester 11 he/she will be awarded PG Diploma in Microbiology
*  Semester J1I, he/she will be awarded Advanced PG Diploma in Applied
Microbiolopy
*  Semester IV, M.Sc. in Microbiology
t4.2 Students opting out with the PG Certificate/PG Diploma/Advanced PG Diploma
may be pcrmitted fo get lateral entry into the Programme within a maximum period
of two years 1o complete their Masler’s Degrec.
14.3 There will be a provision of Certificate of specialization or skills learnt which
would be given away 1o a student by the Dean PG Studies for the University icaching
depariments {UTDs) on the recommendation of the Deparimental Council of the
UTDs, if a minimum of 9 credits have been compleled by the student in a specific
skill or ficld of specialization,
003



