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104 511 CELL BIOLOGY 4(4-0-8)
Prerequisite - None

Studies of the strucure and function of cells. Molecular emphases and
applications. Cellular function and zpplications of cells and organelles in biotechnology.
Biomolectles, basic genetic mechamisms, the plasma membrane, energy conversion in the
mitochoncria and chloroglast, intracellular sorting and the maintainance of the =zzllular
compzrtment, the control of gene expression, the cytoskeleton, cell signaling, cell growth and
divisicn, cell adhesion, gzrm cells and fcrtiliiation, the cellular mechanism of development, the

immune system, the nervous system. Plant cells and cancer.

304 512 MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY 3(3-0-0) .
Prerequisite : 104 511 or Concurrently cr Consent of course director

The gene structures, -“unction at molecular level and their aoplications.
Chemical facs and principles, steps in protein synthesis, regulation of gene function, function
of eukaryolic chromosomes. Development of recombinant DNA technology, rew tocls for
studyinz genes, analysis of important biology process by recombinant DNA approaches,

cloning technicues and applications.

304 513 APPLIED MICROBIOLOGY 3(38-0-0)
Prerequisite . General Microbiolegy or Consent of course director
The current concepts amd methodologies in microbiology: indus:rial, food, .

environmeatal, pharmaceutical end agricultural.

3804 521 BIOPROCESS ENGINEERING 4(4-0-0)
Prerequisite : Nane

The fundamental principles of bioprocess engineering in areas of transport
processes amd unit operations. Transport processes including engineering units, momentum
transfer, overall balances, steady-state heat transfer, unsteady-state heat transfer, mass transfer.
Unit operations including drying of process materials, vapour-liquid operation processes and

mechanical-physical separation processes
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304 522 ADVANCE BIOPROCESS ENGINEERING 3(3-0-0)
Prerequisite : S04 521 or Consent of course director

The underlying concepts which affect the design of fermentors and the

successful operation of & fermentation process. Dawnstream processing and the economics of

bioprocessing.

304 531 BIOTECHNOLOGICAL INSTRUMENTATION 3(2-3-0)

Prerequisite : None

Classroom and Advanced labo-atory techniques designed for practical
experience in cultivation. bio-molecule purifications and quantifications and other important
analytical methods involved in biotechnc ogy research. Some analytical methods: SDS-PAGE
amalysis, 2as chromatography (GC), high performznce liquid chromatography (HPLC), atomic

absorption and mass spectrometer.

304 532 SELECTED RESEARCH TECHNIQUES 3(0-9-0)
Prerequisite - None

Highly directed researck in one or more of the following laboratory techniques:
hybridoma :echrnology. enzyme purification and immobilization, DNA cloning techniques,

serological tachniques. research techniques and methodology.

304 541 PLANT BIOTECHNOLOGY 3(3-0-0)
Prerequisite : 104 511

Information on various aspects o p.ant genetic engineering which has broaden
the undzrstanding of zene function and genetic transformation of plant with desirable traits
spanning from disease resistance to the production of pharmaceutically important proteins.
Vegetative propagation of disease-free stock, germplasm exchange and conservation of

secondary mztabolite plant products.
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304 542 SELECTED TOFICS IN PLANT BIOTECHNOLOGY RESEARCH 1(0-8-0)
Prerequisite : 104 511

Introduction to varicus laboratory techniques in arezs related to plant
bioechnology such as plant cell culture, callus culture, protoplast culture, applicatior of plant

cells for production of secondary metabolites, plant gene isolation and tran:formation.

304 551 ANIMAL BIOTECHNOLOGY 3(38-0-0)
Prerecuisite : 104 511 :

The utilization of animal cell cultures and molecular and genetic manipulation
of cells. Techniques concerning the application and standardization of the cell culture process,
production of skin cell cultures, cell products, testing of chemicals aad phannaceuticals,.

production of vaccines and growth promoting hormones.

304 552 SELECTED TOPICS IN ANIMAL BIOTECHNOLOGY RESEARCH 1(0-3-0)

Prerequisite : 104 511

Introduction to various laboratory techniques in areas related to animal
biotechnology such as mammalian embryo manipulation, techniques for supe-ovulation and
embryo recovery, in vitro culture, pathogenic inactivation, in vitro fertilization, embryo transrer,
production and factors involving memmelian cell production in bioreactors ard microinjection

of foreign genes into animal cells.

804 571 AGRICULTURAL BIOTECHNOLOGY 3(2-3-0)
Prerequisite . None

The application of established agricultural biotechnologies such as biofertilizer
production, mushroom production, b:oconversion, biopesticides, application of genetic

engineering including practical aspects and commercialization.
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304 581 SEMINAR (for Master Degree Student) 1(1-0-0)

Prerequisite : None

Oral presentations by students or invited experts with the students actively
participate in class discission. The topics to be selected for presentation and discuassion are
usually selected from current research findings in all areas of biotechnology. The course

should be iaken in each of the academic term that he/she enrolled in the Masters program. All

three seminar courses may be taken individually or sequentially.

304 623 BIOPROCESS TECHNOLOGY FOR WASTE TREATMENT 3(8-0-0)

Prerequisite : 304 521 or Consent of course director

The recent developments in the application of biotechnology in industrial and
municipal waste treatment. Agroindustrial solid waste digestion, immobilized-cell
bioprocessing and wastewater treatment. Production of fuel gases from biogas digesters,

anaerobic degradatior of toxic compounds, biomethanation of agro-waste, bioremediation,

biosorption 2nd activa:ed sludge.

304 68¢ MASTER THESIS

304 781 SEMINAR (for Doctoral Degree Student) 1(1-0-0)

Prerequisite : None

Oral przsentations by students or invited experts with the students actively
participating in class d:scussion. The topics to be selected for presentation and discussion are
usually selected from current research findings in all areas of biotechnology. The course

should be taken in each of the academic term that he/she enrolled in the Doctora. program. All

three seminar courses may be taken individually or sequentially.

304 889 DOCTORAL THESIS
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104 511 CELL BIOLOGY 4(4-0-8)

Pregs. : None

Studies of the structure and funcction of cells. Molecular emphases and
applications. Cellular functicn and applications of cells and organelles in biotechnology.
Biomolecules, basic gemetic mechanisms, the plasma membrane, energy conversion in the
mitochondria and chlorcplast, intracellular sorting and the maintainance of the cellular
compartment, the control of gene expression, the cytoskeleton, cell signaling, cell growth and

division, cell adhesion, germ cells and fertilization, the cellular mechanism of deve.opment, the

immune system, the nervous system. Plant cells and cancer.

1. Biomolecules
Small molzcules, energy and biosynthesis
Macromolecules: structure, shape and information
2. How cells are studied
Microscopy
Probing chemical conditions in the interior of living cells
Cell separation and cul-ure
Fractional of cell conteats
Tracing cellular molecules with radioactive isotope and antibodies
Recombinant DNA. technology .
3. Easic genetic mzchanisms
RNA and protien svnthesis
DNA repair mechanisms
DNA replication mechanisms
Genetics recombination mechanisms
Viruses, plasmids and transposable elements

DNA cloning and genetic engineering
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4. The plasma membrane
Lipid bilayer
Membrane proteins
Membrane carbohydrate
Membrane transoort of small molecules
Membrane transoot of macromolecules and particles
S. Energy cenversion: mitochondria and chloroplast
The mitochondria
The respiratory chain and ATP synthesis
Chlarop.ast and pao-osynthzsis
. The genomes of mitochordria and chloroplasts
6. Intracellu’ar sorting and the maintainance of cellular compartments
The compartmentalization o< higher cells
The cytosolic cempeartment
The trensort of proteins and RNA molecules into and out of the nucleus
The transport of proteins into mitochondria and chloroplasts
Percxisomzs
The endoplasmic recticulum
The Gogi apparatus
Transport of proteins from the Gogi apparatus to lysosomes
. Transport from thz Gogi apparatus to secretory vesicles and to cell surface
7. The cell auclzus
Chromozomal DNA and chromosomal proteins
The ccmplexity of chromosomes structure
Chromosoms reolizztion

RNA synthesis and RINA processing



3. The control cf gene expression
Strategies of gene control
ControlEng the start of transcription
The molocular genetic mechanisms that genes create differ=nt cell types
Post-translational controls
The organization and evaluation of the nuclear genome
9. The cytoskeleton
Muscle contraction
Actin filament and the cell cortex
Ciliary nmovement
Cytoplasmic microrubules
Intermediate filaments
Organizalion of the cytoskeleton
10. Cell signaling
Three strztegies of chemical signal: endocrine, paracrine and synapic
Signaling mediated by intracellular receptors: mechanisms of steroid hormones action
Mechanisms of transduction by cell-surface receptor proteins
The mode of action of cyclic AMP and calcium ions
Target cell adaptation
11. Cell growth nd divisicn
The steps of the cell cycle and their connections
Cell-division controls in multicellular organisms
Genes for the social control of cell division
The mechznisms of zell division
12. Cell adhesion, cell junction and the extraczllular matrix
13. Germ cell and fertilization
The benefit of sex
Meiosis
Gametes

Fertilization
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14. Cellular mechanisms of development
Morphogenetic movensents and the shaping of the body plan
Czll diversification and cell memory
Developmertal pregrams of indidual cells
Principles of spatial patterning
The molecular genetics of pattern formarion
Organogenesis: the coordinated assembly of complex tissue

15:.he :mmﬁne system
The cellular basis cf immunity
The function and p-operties of antibodies

. The fine structure of aatibodies

The generation of zntibody diversity
The comrlemant system
The lymphocytes and cell-mediated immunity

15. The rervous system
The cells of nervous system
Voltage-gated ion chaanel and the action potential
Ligand-gzte ion chanels ard fast synaptic transmission
Non-chanel-linked receptors and synaptic modulation
Sznsory input

. Synaptic Zormation and elimination

17. Special features of plant cells
The importance of the cell wall
Transport betwzen cells
Interactions bztween plants and other organisms
Cellular aspects of plent development

18. Cancer
Cancer s a micro-zsvolutionary process

The molzcular genetics of cancer
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304 512 MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY 8(8-0-0)

Pregs. : 104 511 or Concurrently or consent of course director

The gene stouctures, function at molecular level and their applicatioas. Chemical
facts and principles. steps in prctein synthesis, regulation of gene function, function of
eukaryotic chromosomes. Deveopment of recombinant DNA technology, new tools for
studying genes, analysis of important biology process by recombinant DNA approaches, cloning

technique and applications.

1. Chemical facts and principles
Coupling reactions and group transfer
DNA structures
DNA replication
Recombination at molecular level
Mutation and DNA repair
2. Stepts in protein synthesis
The svnthesis of RNA upon DNA template
Involvements of RNA in prctein synthesis
The genetic code
3. Regulation of gene function
Regulztion of protein synthesis and function
Regulation of proteins syntheses of viruses and bacteria
4. Function of eukaryotic chromosomes
Structure of eukaryotic genomes
The function of higher eukarvctic genes
5. Development of recombinant DNA. technology
Methods of creating recombinant DNA molecules
The polymerase chain reaction
The isolation cf cloned genes

Transposable elements
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6. New tools for stadying gene function
In vit-o mutagenesis
Transferring genes into mamalian cells
Genetic analysis of yeast
Genetic engineering of plants and animals

7. Anelysis of important biological process by recombinant DNA approaches
Molecules of immune recogition
Movinz signals across merh':rane
Oncogenes and anti-oncogenss
Molecular analysis of the cell cycle
The gene d>chind the functioring of the brain
Recomktinaat DNA and evolution

8. Clonirg techniques and applications
Cloning in bacteria: vectors and techniques
Express.on of heterologous oroteins in yeast
Strategies for production of proteins in mamalian cells
Genetics ard antibiotic proczss improvement
Eecomtinant-derived vaccines

DNA probes informative for diagnosis and identification
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304 513 APPLIED MICROBIOLOGY 3(8-0-0)

Pregs. : General Microbiology or consent of course director

The current concepts and methodologies in microbiology: industrial, food,

environmental, pharmaceutical and agricultural.

1. Modern trends in industrial microbiology

2. Modern trends in food microbiology

3. Modemn trends in environmental microbiology
4. Modern trends in pharmaceutical microbiology

5. Modern trends in agricultural microbiology
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304 521 BIOPROCESS ENGINEERING 4(4-0-0)
Pregs. : None

The funcamenta! principles of bioprocess engineering in areas of transport
processes and unit operations. Transport processes including engineering units, momentum
transfzr, overall balancss, steady-stage heat transfer, unsteady-state heat transfer, mass transfer.
Unit operations incledimg drying of process materials, vapour-liquid operation processes and

mcchanical;physical separation processes.

Part 1 : Transport Jrocesses

1. Introduction to engineering principles and units
Classification of units operations and transport process
SI System of basic units
Methods of expressing temperatures and compositions
Gas laws and vapour pressure
Conservazion of mass and material balances
Eaergy and heat units
Conservaion of energy and heat balances
Graphical, numerical and mathematical methods

Z. Principles of momentum transfer and overall balances
I=troduction
Fluid statics
General molecular transport equation for momentum, heat and
mass transfer
Viscosity of fluids
Types of fluid flow and Reynolds number
Overall mass balance and continuity equation
QOverall energy balance
Overall momentum balance
£aell momentum balance and velocity profile in laminar flow

Design equations for laminar and turbulent flow in pipes
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3. Principles of momentum transfer and applications
Flow past immersed objects, packed and fluidized beds
Measuremant of fluids flow
Pumps and gas-moving equipment
Agitation, mixing of fliuds and power requirements
Non-Newtonian fluids

4. Prinzioles of steady-state heat transfer

- Introduction and mechanisms of heat transfer
Conduction heat transfer
Condction through solids in series .
Steady-state conduction and shape factors
Forced convection heat transfer inside pipes
Heat transfer outside various geometries in forced convection
Natural convection heat transfer
Boilling end condensation
Introduction to radiation heat transfer
H=at exckar.gers

5. Principles of unsteady-state heat transfer
Derivation cf basic equation
Simplified case for system with negligible internal resistance .
Unsteady-stzte heat conduction in various geometries
Numerical finite-difference methods for unsteady-state conduction
Ctilling and freezing of food and biological material

6. Principles of mass transfer
Introduction to mass transfer and diffusion
Molecular diffusion in gases
Molecular diffusion in liquids
Molecular diffusion in biological solution and gels

Moclecular dizfusion in solids

55



7. Principle of unsteady-state and convective mass transfer
Unsteady-state d ffusion
Convective mass-transfer coefficients
Mass-transfer coefficients for various geometries

Mass transfer tc suspensions of small particles

Part 2 : Umnit operations
8. Drving of process materials
Introduction anc methods of drying
Equipment for crying
Vapour pressure of water and humidity
Equilibrium mo:sture concent of materials
Rate of drying curves
Calculation methods for constant-rate drying period
Calculation methods for falling-rate drying period
Freeze drying o- biological materials
Unsteady-state thermal processing and sterilization of biological materials
9. Vapour-liquids separation proczsses
Vapour-liquid equilibrium relations
Single-stage equilibrium contact for vapour-liquid system
Simple distillation methods
Distillation with -eflux and McCabe-Thiele method
Distillation and absorption tray effciencies
10. Mechanical-physical separation processes
Introduction and classificetion of mechanical-physical separation
processes
Filtration in solid-liquid separation
Settling and sed mentation in particle-fluid separation
Centrifugal separation processes

Mechanical size reduction
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304 522 ADVANCE BIOPROCESS ENGINEERING 3(3-0-0)

Pregs. : 304 521 or consent of course director

The underlying concepts which affect the design of fermenters and the successful
operation of a fermentation process.  Downstream processing and the economics of

bioprocessing.

1. Engineering aspects of fermentaion
Fundamental ccncepts : mass transfer, heat transfer, mixing and scale-up
Associated concepts : power consumption, size and type of fermenter,
rheological behavior of biological materials,
effect of shear, physical and chemical conditions
2. Fermentation kinetics
Ideal reactors fer kinetics measurements
Kinetics of balanced growth
Transient growth kinetics
Product formation kinetics
Thermal-death kinetics of cells and spores
3. Intreduction to downstream processing
Cell disruption techniques
Centrifuagation
Membrane separation processes
4. Biosensors and their potential in bioprocess control
The needs for sensors in bacterial and yeast fermentation
Enzyme electrodzs
Electrochemical diosensors

Flow injsction analysis (FIA) in bioprocess control
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5. Monitoring and control of bioprocesses
Sensors in fermentation
Development of indirect methods
New sensors
Control of fermentation processes

5 Membranes in bioprocessing
Affinity membranes for protzin purification
Enzyme membrane reactors

7. Bioprocess eccnomics
Process economics
Bioproduct regulation

Fermentation process economics
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304 531 BIOTECHNOLOGICAL INSTRUMENTATION 3(2-38-0)

Preqs. : None

Classroom and Advanced laboratory techniques designed for practical experience
in cultivation, bio-molecule purifications and quantifications and other important analytical
methods involved i biotechnology research. Some analytical methods: SDS-PAGE analysis,
gas chromatography {GC), high performance liquid chromatography (HPLC), atomic absorption,

mass spectrometer.

1 Fermen‘cr and its operation
Hea: transfer
Aeration
Actomatic control of instruments
Data interpretation and use of data statistics computer
2. Filtration
Membrane filtration
Ultrefiltration
Reverse osmosis
. Ultracentrifugation and elutriater
. Gas chromatography (GC)
. High performance liquid chromatography (HPLC)

3
4
5
6. Fast prote:n liquid chromatograghy (FPLC)
7. Atomic azsorpticn
8. Electron microscope
9. Mass spectrameter
10. Electrophoresis

SDS-PAGE for protein analysis

DNA anc plasmid analysis

Eletroeluter
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304 532 SELECTED RESEARCH TECHNIQUES 3(0-9-0)
Pregs. : None

Highly directed research in one or more of the following laboratory techniques:
hybridoma technology, eazyme purification and immobilization, DNA cloning techniques,

serological techniques and research techniques and methodology.

. Technigues in plant tissue culture

[en—y

. Hybridoma technology

. Anima! cell line techniques

. Enzymz purification and immobilization

. DNA cleaing techniques

. PCR and DNA hybridization probe technology
. DNA ssquencing and synthezising

. Direct DNA isolation from environmental samples

. el - Tadidle ~ IR - (RS ¥ | TRSER ~SRg - T )

. Serological techniques (agglutination, Fluoresence antibody (FA), Enzyme-
liked immunosorbent assey (ELISA)...etc.)
10. Research methodology, experimental design and special laboratory

techniques
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304 541 PLANT BIOTECHNOLOGY 3(8-0-0)

Pregs. : 104 511

Informazon on varicus aspects of plant genetic engineering whica has broaden
the undersiarding of gene functior. and genetic transformation of plant with desirable traits
spanning frcm diseasz resistance o the production of pharmaceutically impo-tant proteins.
Vegetative propagation of disease-free stock, germplasm exchange, conservation of secondary

metabolite plant produc:s.

1. Introduztica

2. Cell and tissue culture techniques
Application cf t:ssue culture for plant improvement
Callus and suspension cultures
Plant -egeneration

3. Transfer of DNA into plant cells
Use of Agrotacierium-based vectors
Protoplasts fusicn
Use to the particle gun-the biolistic approach
Injection of DNA into various tissues

4. Gene expression in transgenic plants
Directing foreizn gene expression in certain subcellular compartments .
Inactivation of endogenous genes in transgenic plants
Stability of fcreign proteins and RNA in transgenic plants
Rcle of DNA methylation in plant gene expression

5. Improvement of agroeconomic traits
Molecular markers for crop improvement
Abiotic resistance; drough, salinity, acidity etc.
Biotic resistance; virus, bacte-ia, fungi, nematode and insect
Introducing male sterility intc transgenic plants
Plart produce quality improvement

Improvement of mitrogen fixation
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6. Plant molecula- farming
Production of new or modified proteins in transgenic plants
Production of new or modified metabolites in trarsgenic plants
7. Plant extracts
8. Diagnosis oF plant diseases
9. Regulatory aspects of transgenic plant
Biosafety

Intellectaal Property Rights (IPR)
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304 542 SELECTED TOPICS IN PLANT BIOTECHNOLOGY RESEARCH 1(0-3-0)
Pregs. : 104 511

Intrcduction to various laboratory techniques in areas related to plant
biotechnology such as plant cell culture, callus culture, protoplast culture, application of plant

cells for production of secondar¥ metabalites, plant gene isolation and transformation.

Topics may be szlected fom

1). Plant cell cuiture

2). Callus culturz

3). Cell suspension culture

4). Protoplast culture

5). Anther cilture

6). Embryogene:is and organogenesis

7). Somaclonal variation

8). Application of plant cells to produce secondary metabolites
9). Micropropagation and artificial seeds
10). Immobilized plant cells

11). Protoplast fusion

12). Plant gene isolation and transformation

13). Others
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304 551 ANIMAL BIOTECHNOLOGY 3(3-0-0)
Pregs. : 104 511

The utilization of animal cell cultures and molecular and genetic manipulation of
cells. Techniques concerning the application and standardization of the cell culture process,
production of skin cell cultures, czll products, testing of chemicals and pharmaceuticals,

production of vaccines and growth premoting hormones.

1. Introcuction
2. Animal cell cultures
Hybridoma cells culture
Insect cell culture
Embryo cloning
Embryo transter
3. Maripulation of animal cells
Gene transfer methods such as cell fusion, micro-injection, electroporation
Animal expression vectors
Gene cloning in animal cell lires
4. Application of animal cell lines techniques
Standardization of animal cell culture processes
The use of animal cells as replacements for whole animal in the toxicity testing of
chemicals and pharmaceuticals
The production and use of skir. cell cultures for the in vitro testing of chemicals and
pharmaceuticals
The production and use of skir cell cultures for therapeutic situation
Production of baculoviruses-expressed protein from suspension cultures of insect cells
The production of vaccines from animal cell culture
Production of therapeutic plasma protein using recombinant mammalian cells: The

example of coagulation factor VIII



Producton of growth stimu’ating hormones from animal cell culture
Application of hormones in economic animals

5. Diagnosis of livestock diseases

6. Regulatory aspects of transgenic animals

Biosafety
Intellectual Property Rights (IPR)
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304 552 SELECTED TOPICS IN ANIMAL BIOTECHNOLOGY RESEARCH 1(0-3-0)
Pregs. : 104 511

Introduction to various laboratory techniques in areas related to animal
biotechnology such as mammalian embryo manipulation, techniques for superovulation and
embryo recovery, in vitro culture, pathogenic inactivation, in vitro fertilization, embryo transfer,
production and factors involving mammezlian cell production in bioreactors and microinjection of

foreign genes into animal cells.

Topics may be selected from

1). Mammalian embryo manipulation

2). Techniques for superovulation and embryo recovery

3). In vitro cu_ture

4). Pathogenetic activation

5). In vitro fertilization

6). Embryo trensfer

7). Production and factors involving mammalian cells production in bioreactors
8). Microinjection of foreign genes into animal cells

9). Artificial dissemination

10). Others
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304 571 AGRICULTURAL BIOTECHNOLOGY 3(2-38-0)
Pregs. : None

TEe application of =stablished agricultural biotechnologies such as biofertilizer
production, mushroom production, bioconversion, biopesticides, application of genetic

engineering inclucing practical aspects and commercialization.

1. An overview o: agricultural biotechnology
2. Established agricultural biotechnology-
Single cel_ protein production
Biofertilizer production .
Rhzobium, blue green algae (BGA), and mycorhiza
Mushrooms production
Bioconverson for feed; silage fermentation
Plant tissue culture
Forestry, horticulture, medicinal plants and field crops
Biopesticides
Bacillus thuringensis (Bt.), nuclear polyhedrosis virus (NPV), fungi and
neratodes
Application of genetic engineering for agriculture
An:ma’ improvement .
Plaat improvement
Microbial improvement
Farm practices
3. Strategies and menagement for commercialization of biotechnology
Marketing
Demand, supply and pricing
Enterprise cevelopment and p-ivate sector
Rational investment and strategy

Employmenr, social and environmental impacts
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804 581 SEMINAR (for Master Degree Student) 1(1-0-0)

Pregs. : None

Oral presentations by students or invited experts with the students actively
participate in class discussion. The topics to be selected for presentation and discussion are
usually selectec from current research findings in all areas of biotechnology. The course should
be tzken in each of the academic term that hz/she enrolled in the Masters program. All three

seminer courses may be taken individually or sequentially.
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304 623 BIOPROCESS TECHNOLOGY FOR WASTE TREATMENT 3(8-0-0)

Pregs. : 304 521 or consent of course director

The recent developments in the application of biotechnology in industrial and
municipal waste ‘reatment. Agroindustrial solid waste digestion, immobil:zed-cell bioprocessing
and wastewater treatment. Production of fuel gases from biogas digesters, anaerobic degradation

of moxic compcunds, biomethanaticn of -agro-waste, bioremediation, biosorption and activated

slucge.

1. Introduction

Overview of the latest development in biotechnology process applied to influent waste .

treatment
2. Fuel gases from biogas digesters
Hyd-olysis and fermentation
Hydrogenogenesis and acetogenesis
Methanogenes:s
Geanetics of clostridia and methanogens
The digestion process
Higher hydrocarbons from biogas digesters
3. Mzthods of araerobic degradation of toxic compounds in chemical and industrial wastewaters
Anaerobic biodegradation
Methods for the determination of anaerobic biodegradation
Anzerobic fixed-film reactors
Design anc operation of laboratory biofilm fluidized bed reactors

Biodegradation studies of chemical wastes using biofilm fluidizeds and bed reactors
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4. Anaerobic digestion of agroindustrial solid was:e
Fandamentals of anaerctic digestion
T=chnological aspects
Anaerobic digestion of solid wastes
Methane production from fruit pulp
5. Biomethanation of agricultura! waste
Primary considerations in agricultural wasze
frocess design alternatives
Economic analysis
6. Microtial metabolism, deso_ubilization and deposition of heavy metals: Metal uptake by
. immot:lized cells and application to the detoxification of liquid waste
The limitations of traditional wastewater treatment processes
Advantages of using defined immobilized biomass
Metal uptake by nonliving biomass (biosorption)
Metal removal by immcbilized living cells
Growth-decoupled enzymically mediated metal uptake
Comparisicn of enzym cally mediated versus biosorptive metal uptake
7. Digestion of animal slurries: Technological, chemical, microbiological and management
aspects
Animal slu-ries
. Factors affecting the characteristics of animal slurries
Tvpes of digesters
Control of digester performance

8. Activated sludge
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304 781 SEMINAR (for Doctoral Degree Student) 1(1-0-0)
Pregs. : None

Oral presentations by students or invited experts with the students actively
participate n class discussion. The topics to be selected for presentation and discussion are
usually selected from current research findings in all areas of biotechnology. The course should

be taken in each cf the academic term that he/she enrolled in the Doctoral program. All three

seminar courses may be taken individually or sequentially.
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