Semester I1I 100 B
Paper 1- Z0231 Microbiology and Biotechnology ( ours)

PART.A.Microbiology (50 hours)

(7 hrs)

ntributions of important
Pasteur, Koch

Module 1 Introduction to Microbiology
I.1 Scope and history of microbiology — mention the co

Scientists who developed Microbiology as a major disciple (c.g

ete).

12 Microbial diversioty including Extremophiles — brief account.
13 Characteristic features of microorganisms —Bacteria, Virus, Fungi &
Protozoa. Mention Microalgae. Classification of Bacteria, Virus, Fungi &
Protozoa.
14  Classification of bacteria, Bergey’s Mannual, (self study)
Module2  Bacterial Cell structure and function (8hrs)
2.1 Ultrastructure of bacteria — cell membrane, cytoplasmic  inclusions,

nucleoid etc ..
22  Bacterial Cell Wall- structure; differences between gram positive and

negative cell wass, gram staining
2.3.  External components & their functions — pili, flagella, fimbriae, capsules,

slime layers etc.

Module3  Microbial Nutrition and Growth (10 hrs)
3.1 Common nutritional requirements of microorganisms- auto trophy and
heterotrophy.
3.2 Types of culture media
3.3 Microbial growth — overview of cell growth, generation time, measurement
of growth.

3.4  Typical growth curve, continous culture, effect of environmental factors on
growth. Stress response.

Module 4 Industrial & Environmental Microbiology (10hrs)
4.1. Industrial Microbiology

4.1.1. Concept of fermentation. Types of fermentation — submerged, solid
state — mention briefly.

4.1.2. Basis design and types of fermenters.

4.1.3. Products of Industrial Microbiology such as Alcohol, Antibiotics (
e.g.Penicillin), Organic acids (e.g. Acetic acid, Lactic acid).

4.1.4. Microbiology of mild& foods. Preservation of milk —Pasteurization
techniques. Probiotics.

4.1.5. Microbial spoilage of different types of foods& Food borne
diseases (self study)

4.1.6. Beneficial activities of microbes in food (self study)

4.1.7. Microbial quality control and safety of food (self study)
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4.2.  Environmental Microbiology
421 Introduction to terrestrial and aquatic microbiology. Principles of

Microbial Ecology.

4.2.2. Biogeochemical cycles - nitrogen cycle, sulpher cucle & carbon
cycle. Role of microorganisms in the biogeochemical cycles.

4.2.3. Microbiology of waste treatment. Brief account of microbial
treatment of waste water and solid wastes

4.2.4. Bioremediation — microbial treatment of radioactive wastes and
xenobiotics.

4.2.5. Microbes in decomposition and recycling process (self study)

4.2.6. Symbiotic and asymbiotic N2 —fixation (self study)

Module 5 Medical Microbiology (15 hrs)

5.1.  Host-microbe interation-process of infection, pathogenecity, virulence &
infection, microbial adherence, penetration of epithelial cell layers and
events in infection following penetration, Infection of blood, lymphatic
system. ‘

5.2.  Exotoxins — classification, mechanism of action of exotoxins e.g.
Diphtheria, Botulinum, Tetanus, and Cholera toxins.

5.3.  Control of Microorganisms — various physical & chemical methods.

5.4.  Use of antibiotics and other antimicrobial drugs.

5.5.  Drug resistance and emergence of multiple drug resistance — recent cases
of TB (XDR, TDR); NDM etc.

5.6. A survey of harmful and beneficial microbes (self study)

Topics for Self Study (not for evaluative purposes)
e Classification of Bacteria, Bergy’s manual
Microbes in decomposition and recycling process
Symbiotic and asymbiotic N2- fixation
Microorganisms and food
Microbial spoilage of different types of foods & Food borne diseases
Beneficial activities of microbes in food
Microbial quality control and safety of food

PART.B.Biotechnology (50 hrs)

Module 6 Introduction to Biotechnology (10 hrs)
6.1.  History of Biotechnology (self study). Board areas of BT - traditional and
modern; types — plant biotechnology, animal biotechnology and microbial
biotechnology.
6.2.  Techniques in Biotechnology — brief description of common techniques
such as tissue culture, genetic engineering, cloning etc.
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(15 hrs)

Module 7 Molecular Cloning

Gene cloning — basic steps in gene cloning. Isolation of donor DNA.

7.1.

7.2, Vectors - types and characteristics e.g. plasmids, phages, hybrid vectors,
artificial chromosomes.

7.3. Enzymes used in gene cloning — exonuclease, endonuclease, ligase,
reverse transcriptase, polymerase, terminal transferase etc.

7.4, Techniques of gene transfer — calcium chloride transformation,

microinjection, electroporation, shotgun cloning, Agrobacterium mediated

transfer etc. .

7.5. Practical application of genetic engineering — useful products. Application
in Medicine, Agriculture, Agriculture and Animal Husbandry,
Environment etc. Biotechnology Industry.

Module8  Recent Trends in Biotechnology (15 hrs)
8.1.  Synthetic Biology — description and developments in the area.
8.2.  Artificial life — concept and achievement
8.3. DNA Barcoding — concept and experimental details with examples.
8.4. GMOs and GM Foods — pros and cons.
8.5.  Microbial warfare — bio-weapons and bioterrorism
Module 9  Bioethics (5 hrs)
9.1. Ethical, legal and social issues of Biotechnology.
(S hrs)

Module 10. Biotechnology in India

10.1. History of biotechnology research in India.
10.2. India’s Biotechnology Policy

10.3. Biotechnology Regulatory Agencies in India.
10.4. Comparison with developed countries
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Semester 111
Z0232 Ecology, Ethology and Biodiversity Conservation

Part 1: Ecology

(30 hrs)

Topics for self studyv

Biotic and abiotic factors and their interactions.
Structure, basic components, their interactions and inter-relations. Fundamental

concepts relating to energy — first and second laws of thermodynamics, entropy.

Gaseous and sedimentary cycles.
Characteristics of population: density, natality, mortality, biotic potential, environmental

resistance, growth forms, immigration, emigration and migration.
Characteristic: Species diversity, stratification, dominance,boundaries, ecotone  and

edge effect, ecological indicators.

Module 1 Ecological Energetics (8 hrs)

I.1.  Solar energy and photosynthetic production, efficiency of energy
capturing, chemosynthesis

1.2.  Energy flow — features of energy flow (unidirectional flow and loss of
energy as heat) and pathways of energy flow.

1.3. Productivity — primary production and production efficiency, secondary
production, standing crop

1.4.  Food chain (graxing, detritus and auxiliary food cains), food, webs,
trophic levels and ecological pyramids (pyramid of numbers, pyramid of
biomass and pramid of energy (self study)
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(natural unSLIbSldlZCd

1.5, Classification of ecosystems based on energy input
bsidisd solar powered

and subsidized solar powered ecosystems, human su

ccosystem and fuel powered urban and industrial systems).
- " NI - 7 hrs)
Module 2 I'ransition and Stability in Communities (
2.1 Succession- Basic types (Primary succession, Seconday

succession, Auogenic succession,Allogenic succession, Autotrophic

succession, Heterotrophic succession).

2.2, Trends in succession .

2.3, Stages of succession — (Nudation, Invasion,Competition and co-action,
Reaction, Climax), pulse stability _

2.4, Examples of succession — (Succession in aquatic and terrestrial
ecosystems)

2.5. Relevance of ecosystem development theory to human ecology, prospects

for detritus agriculture, the compartment model.

Module3  Concepts of Habitant, Niche and Guild (6 hrs)
3.1.  Habitat, microhabitat and niche. different types of niches: spatial niche,
trophic niche, species niche, multidimensional niche, fundamental and
realized niche.
3.2.  Niche overlap, gause’s principle, resource partitioning, compression
hypothesis, concept of Guild, character displacement, ecological

equivalents.

Module 4 Species Interactins (9 hrs)
4.1. Intraand interspecific interactions, Types of Interspecific interactions —

(Positive, Negative and Neutral)

4.2. Positive interactions (commensalism, proto-cooperation, mutualism and
pollination).

4.3. Negative interactions (competition, parasitism, amensalism, predation,
herbivours carnivory)

4.4. Co-evolution

Part 11: Ethology (30 hrs)
Topics for self study
History, development and applications; motivation and models ofmotivation;
reflexes imprinting, habituation; neural mechanisms in behavior, hormones and
behavior; Sociobiology social groups — merits and demerits, features of organized
groups; 'soc?ial groups in mammals, social stress; pheromones band chemical
communication.

Module 5 Learning (6 hrs)
5.1 Class'iﬁcation of learning: Imprinting, habituation, imitation (self study)
classxpal conditioning, instrumental/operant conditioning, cognitive ’
learning, latent learning, insightful learning.
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Module 6
6.1.

6.2.
Module 7
7.1.

7.2.
7.3.

Module 8
8.1.
8.2.
8.3.

Module 9
9.1.

9.2.

9.4.

Module 10

10.1.

10.2.

10.3.
10.4.
10.5.

Nervous System and Behaviour (8 hrs)
Stimulus filtering, sign stimulus, innate release mechanism and fixed
action plans (FAPs).

Brain centres and learning, neural mechanism of learning and memory.
Complex Behaviour patterns (8 hrs)
Orientation, Navigation and homing.

Migration (Fishes and birds)

Biological rhythms — biological clock,circadian, circannual, lunar, tidal
and seasonal periodicities, sleep and arousal, genetics of biological

rhythms.

Environment, genetics and Evolution of behaviour (8 hrs)
Habitat selection and territoriality.
The Evolution of communication; Development of bird song.
The evolution of reproductive behavior and mating systems.
(15 hrs)

Biodiversity
Introduction: Definition, levels of biodiversity (genetic diversity, species
diversity and ecosystem diversity), values of biodiversity (self study)
Diversity indices: Alpha diversity, Beta diversity and Gamma diversity;
the species diversity and ecosystem stability.

Biodiversity in India: Major biogeographic zones of India; India as a mega
diversity nation; hot spots biodiversity — characteristics; an outline of the
features and biodiversity of hot spots in India (Western Ghats and Eastern
Himalaya).

Features, structure and biodiversity of some of the Indian ecosystems:
Terrestrial ecosystems (forest, grassland, desert), Aquatic ecosystems
freshwater, marine, esturine).

Conservation Biology (13 hrs)
Depletion of biodiversity: Current estimates of species loss, causes of
biodiversity loss, impacts of biodiversity loss, Strategic species concepts:
keystone species, indicator species and umbrella/glagship species.
Strategies of conservation: in situ and ex situ conservation, Gene Banks,
establishment of protected areas, habitat conservation captive public
awareness and other relevant measures.

An evaluation of the¢Project Tiger” and “ Project Elephant” programmes.
World conservation strategy (19800

National Biodiversity Action Plan 2008: a brief outline of objectives &

plans
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Module ¢
0.1.

6.2.

Module 7

(s PO

-

Module §

8.
8.2.
8.

(03 1D e

.Vlodule 9
9.1.

9.2.

- 9.3.

94.

Module 10
10.1.

10.2.

10.3.
10.4.
10.5.

Nervous System and Behaviour (8 hrs)
Stimulus filtering, sign stimulus, innate release mechanism and fixed
action plans (FAPs)

Brain centres and learning, neural mechanism of learning and memory.

Complex Behaviour patterns (8 hrs)
Orientation, Navigation and homing.

Migration (Fishes and birds)

Biological rhythms - biological clock.circadian, circannual, lunar, tidal
and seasonal periodicities, sleep and arousal, genetics of biological
rhythms.

Environment, genetics and Evolution of behaviour (8 hrs)
Habitat selection and territoriality.

The Evolution of communication; Development of bird song.

The evolution of reproductive behavior and mating systems.

Biodiversity (15 hrs)
Introduction: Definition, levels of biodiversity (genetic diversity, species
diversity and ecosystem diversity), values of biodiversity (self study)
Diversity indices: Alpha diversity, Beta diversity and Gamma diversity;
the species diversity and ecosystem stability.

Biodiversity in India: Major biogeographic zones of India; India as a mega
diversity nation; hot spots biodiversity — characteristics; an outline of the
features and biodiversity of hot spots in India (Western Ghats and Eastern
Himalaya).

Features, structure and biodiversity of some of the Indian ecosystems:
Terrestrial ecosystems (forest, grassland, desert), Aquatic ecosystems
freshwater, marine, esturine).

Conservation Biology (13 hrs)
Depletion of biodiversity: Current estimates of species loss, causes of
biodiversity loss, impacts of biodiversity loss, Strategic species concepts:
keystone species, indicator species and umbrella/glagship species.
Strategies of conservation: in situ and ex situ conservation, Gene Banks,
establishment of protected areas, habitat conservation captive public
awareness and other relevant measures.

An evaluation of theeProject Tiger” and “ Project Elephant” programmes.
World conservation strategy (19800

National Biodiversity Action Plan 2008: a brief outline of objectives &
plans
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: Treati : iodiversity (12 hrs)
Module 11 International Conventions & Treaties for conservation of Biod

Stockholm declaration on human Environment (1972), Convention O6n
Regulation of Antarctic Marine Resources Activities (RAMRA, 1986), .
Moduleed Nations World Charter for Nature (1982), Kyoto Protocol an
Framework Convention on Cllimate Change (UNFCCC), Brundtland
Report (1987). o

Earth summit (1992) — detailed study - Ratio Declaration on Environment
and Development, Agends 21,Forest Principles, Convention on Biological

I.1.

diversity,

I1.3. Species based treaties: Migratory Bird Treaty Act (MBTA) of 1918,
International Convention for the Regulation of Whaling (ICRW),
Washington, 1946,Convention for the Conservation of Antarct.lc Seals,
1972, Convention on International Trade on Endangered Species (CITES,
1975), _

1.4, Ecosystem based treaty: Ramsar Convention (1981) — Ramsar sites in

India and Kerala.
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70233 Immunology and Developmental Biology (( 40 hrs)
Immunology
4 hrs
Module 1 Introduction to Immune System ' o . ( ancg active
1.1 Types of immunity, innate and acquired immunity; passive

immunity; humoral and cell-mediated immunity. _
Organs of immune system: Primary and Secondary lymphoid organs.

1.
Brief account on immune cells: types and production.

1.

LS B o8]

Module 2 Immuncgens (Antigens) ) (7 hrs)
General properties, Structure and function, variability and diversity.
Factors affecting antigenicity.

Epitopes and Haptens.

Adjuvants and their role in enhancing immunogenecity.

PR N 1o
Wb —

Module 3 Immunoglobulins (antibodies) (8 hrs)

3.1 General Properties-Structure and functions
32  Different classes of immunoglobulines (1gA, 1gD,1gE,1gG and 1gM)
3.3  Genetic basis of antibody diversity:
Immunoglobulin gene organization; Gene rearrangement and expression.
3.3.1 Somatic recombination: V (D) J recombination and functional
diversity
3.3.2 Somatic hyper mutation
3.3.3 Class switching
3.4  Polyclonal and Monoclonal antibodies
3.5  Hybridoma technology —technique and applications

Module 4 Antigen-antibody interactions (6 hrs)
4.1  Primary and secondary immune responses

4.2 Theories of antibody formation (Directive theory, clonal selection theory etc.)

Module 5§ Complement System (4 hrs)
5.1 Complement systems-General features

5.2 C!assical pathway and alternate pathway complement receptors, biological
effect of complements. ’
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Module 6 Transplantation (7 hrs)

0.1 Classification of grafts
6.2 Major Histocompatibility Complex (MHC) and M proteins; role in tissue
transplantation; Mechanism of graft retention and rejection,
6.3 General immunosuppressive therapy.
Module 7 Defects in Immune Mechanisms (4 hrs)
7.1 Defective innate immune mechanisms
7.2 Auto immunc diseases
Developmental Biology (60 Hrs)
Module 1 Introduction (4 hrs)
1.1 Definition. history, Scope of embryology and Practical applications (self study)
1.2 The evolution of developmental patterns in unicellular protest; origin of  sexual

reproduction. Developmental patterns among animals-brief survey (asexual
means: parthenogenesis; sexual means; gonochorism, hermaphroditism, metamorphosis,
uterine development in mammals)

Module2  Fertilization (8 hrs)
2.1 Events in fertilization
2.1.1 Cytoplasmic changes
2.1.2 Nuclear changes
2.2 Prevention of polyspermy
D

2 Significance of fertilization
Module 3 Developmental Model Systems (16 hrs)
3.1 Early development of Drosophila-Egg, cleavage, mid-blastula transition,
gastrulation

3.2 Early development of Caenorhabditis elegans-Egg, cleavage and  gastrulation.
3.3 Genetic control of development and embryonic axis formation.
3.3.1 Gene action in development of Drosophila:- Maternal effect genes;
Segmental genes (gap genes, pair-rule gene and segment polarity
gene) and Homeotic genes (homeobox and homeodomains)
3.3.2 Hox cluster genes in vertebrates

Module 4 Embryonic Induction (10 hrs)
4.1 Types of embryonic induction — Primary, Secondary and Tertiary Induction
(Experiments of Spemann and Mangold)
4.2 Mechanism of axis formation in amphibians; Niewkoop centre.

4.3 The functions of organizer; the diffusible proteins of the organizer 1; the BMP
inhibitors.

4.4  Stem cells, totipotency, plury potency
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Module 5 Medically assisted h

(12 hrs)
(IVF-ET) — general
"menstrual  cycle,
cemen sample, IVE

uman reproductive technologies
fertilization and embryo transfer
manipulation  ©
of

5.1 Conventional in vitro /
(Patient selection,

protocol : e
oocyte  retrieval, preparation

superovulation.
treatment, embryo transfer. -
allopian Transfer (GIFT)

5.2 Gametic Instral
5.3 Zygotic Intrafallopian Transfer (Z1FT)
sS4 Fubal Embryo stage Transfer (TET)
55 Intra-cytoplasmic sperm injection (ICSI)
5.6 Intra Uterine Insemination (IUI)
i i (10 hrs)
i (peri animals .
‘“"d“l?(‘ e ivalences tencies; differential gene expression.

6.1  Genomic equivalence; multiple po
62  Amphibian cloning, cloning mammals,

demerits.

human cloning-prospects and
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PRACTICALS

7.0234

Microbiology and Biotechnology

I

" NP N Y

}

o)

— .o

Microbiology, Biotechnology, Ecology, Immunology and Developmental Biology

Fechniques  for Isolation of  bacteria-serial dilution, pour plate, spread plate

techniques

Enumeration of bacteria from water and soil

Motility Testing — hanging drop method.

Gram staining of bacteria

Determination of quality of milk-methylene blue reductase test.

Biochemical tests - catalasc test, kovac’s oxidase test, gas production etc.

[solation of DNA from plant/animal tissuc.

Plasmid isolation

Detection of coliform bacteria by H,S paper strip method for monitoring water quality.
Culturing of paramecium to observe ciliary movement.

Immunology

SII N S O

Antigen-antibody interaction in vitro and identification of blood groups.
Blood film preparation and identification of cells.

Detection of pregnancy using kits.
Immunodiffusion and Immunoelectrophoresis
Demonstration of phagocytes in insect hemocytes.

Developmental Biology

1. Induced ovulation and artificial fertilization

2. Preparation of temporary whole mounts of chick blastoderm

3. Vital staining of chick blastoderm and tracing the development of stained parts
(window method)

4. Effect of drugs on heart beat of chick embroyo.

. Study of different types of eggs: insect egg, frog’s egg, hen’s egg, mammalian  egg-
models/charts

6. Morphological and histological studies of different placental types of mammals (3
numbers)

7. Identification of cross sections of chick embryo through heart, eye and ear.

Ecology

1. Estimation of pyramid of numbers and biomass in a small ecosystem.

2. Estimation of Primary productivity using dark and light bottles.

3. Description of ecological adaptations of any 10 organisms.

4. Habituation in pila/ Alarm response in fishes / Maize learning in rats.

5. Study of Biodiversity indices:

(a) Population

(b) Density and relative density,

(c) Frequency and relative frequency,
(d) Abundance and distribution,
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