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David Alexander Mitchell, Departamento de Bioquimica e Biologia Molecular, Universidade Federal do
Parana, Brazil

Adriana Contin, Departamento de Farmécia, Universidade Federal do Parana, Brazil

1. Methods in biotechnology: A topic in its own right
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3.1.2  Methods used during the Fermentation Step Itself
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3.2 Use of Methods during Development of a New Fermentation Process
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5. Methods in biotechnology — current state and future prospects

Instrumentation and Control of Bioprocesses 23
Ricardo Perez-Correa, Department of Chemical and Bioprocess Engineering, Pontificia Universidad
Catolica de Chile, Santiago, Chile

Eduardo E. Agosin Trumper, Universidad Catolica de Chile, Chile
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2.1 Temperature
2.2 Gas Flowrate
2.3 Liquid Flowrate
2.4 Off-Gas Analysis
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2.7 Pressure
2.8 Foam
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2.10Stirring
2.11Redox Potential
3. Advanced Instrumentation for Bioprocess Control and Automation
3.1 Flow Injection Analysis
3.2 Sequential Injection Analysis
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Chemical Methods Applied to Biotechnology 41
Nadia Krieger, Federal University of Parana, Brazil

Luiz Pereira Ramos, Federal University of Parana, UFPR, Brazil

Jose Domingos Fontana, Federal University of Parana, UFPR, Brazil

1. Introduction
Methods for Protein Determination
2.1 Determination of Protein Mass and Structure
2.1.1  Electrophoretic Methods
2.2 Determination of Protein Sequences
3. Methods for the Determination of Carbohydrates
3.1 Polysaccharides
3.2 Starch
4. Methods for Determination of Lipids
4.1 Determination of the lodine Number
4.2 Determination of the Saponification Number
4.3 Titrimetric and Colorimetric Determination of Free Fatty Acids
5. Methods for Determination of Other Cell Components
5.1 DNA
52 ATP
6. Analysis of Other Low Molecular Weight Molecules
6.1 Antibiotics and other Biologically Active Metabolites
6.2 Citric Acid and other Organic Compounds
7. Conclusions

Physical Methods Applied to Biotechnology 71
Jose Domingos Fontana, Departments of Pharmacy and Biochemistry/Molecular Biology, Federal
University of Parana, UFPR, Curitiba, Parana, Brazil

Nadia Krieger, Luiz Pereira Ramos, Department of Chemistry, Federal University of Parana, UFPR,
Curitiba, Parana, Brazil

Introduction
The Characterization of Potential Feedstocks in Sugar Cane
3. Physical Methods used for the Characterization of Lignocellulosic Materials
3.1 Light-absorption Spectroscopy
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3.3 Capillary Electrophoresis (CE)
3.4 Nuclear Magnetic Resonance (NMR)
4. Bioprocesses Based on Sucrose Consumption such as in Sugar Cane Juice
Bioprocesses Based on Lignocellulosics such as Sugar Cane Bagasse
6. Final Considerations

N —

W

Mathematical Modeling in Biotechnology 102
Joan Mata-Alvarez, Department of Chemical Engineering, University of Barcelona

David Alexander Mitchell, Departamento de Bioquimica e Biologia Molecular, Universidade Federal do
Parana, Brazil

What Can Mathematical Models Do for Biotechnological Processes?

Overview and General Principles of Mathematical Modeling Biotechnological Processes
2.1 Elements of a Mathematical Model

2.2 Case Study 1: Illustrating Development of a Mathematical Model

3. Types of Models

3.1 Empirical Models versus Mechanistic Models

3.2 Distributed Models versus Lumped Models

3.3 Structured Models versus Unstructured Models

3.4 Segregated versus Unsegregated Models

N —
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3.5 Deterministic versus Stochastic Models

3.6 Dynamic versus Non-dynamic Models

3.7 Linear versus Non-linear Models

3.8 Summary of Model Types

Steps in the modeling process

4.1 Knowing what you Want to Achieve and why Modeling will help you to Achieve it

4.2 Expressing Qualitatively your Understanding of the System

4.3 Constructing a System of Equations

4.4 Estimating the Parameters and Deciding on Appropriate Values for Operating Variables
4.5 Solution of the Model

4.6 Validating the Model against Experimental Results and Analyzing its Sensitivity to Parameters

and Operating Conditions
4.7 Using the Model as a Tool
Case Study 2: Mathematical Model of a Differential Reactor for Estimating Kinetic Constants
5.1 Introduction
5.1.1  The Experimental Device
5.1.2  The Mathematical Model of the System
5.1.3  Kinetic Model Assumptions: Zero Order Model (Activity Determinations)
5.1.4  First Order Kinetic Model
5.1.5  Resolution of the Model
5.1.6  Michaelis-Menten Kinetic Model
5.2 Spreadsheet Resolution of the Mathematical Model
5.2.1  Constant Fitting with the Spreadsheet
5.2.2  Diffusional Limitations: Enlarging the Model
Case Study 3: A Metabolic Structured Model for Glucose-Limited Growth of a Single Cell of
Escherichia coli
State of The Art and Future Prospects

Biosensors
Enrique Galindo, Institute of Biotechnology, National University of Mexico, Cuernavaca, Mexico

1.

A

I

Introduction
Transducers
2.1 ElectroChemical
2.2 Optical
2.3 Thermal
2.4 Piezoelectric
Biological elements
Construction of biosensors
General working principles
Response characteristics
6.1 Response time
6.2 Range of measurement
6.3 Reproducibility
6.4 Interferences
6.5 Operational stability and shelf life
Examples of biosensors
7.1 Enzyme electrodes
7.2 Immunoelectrodes
7.3 Microbial electrodes
7.3.1  BOD sensor
7.3.2  Penicillin biosensor
7.4 Tissue-based biosensors
7.5 DNA biosensors
7.6 Receptor biosensors
Scientific and technological status
Future trends and perspectives
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9.1 Automatic control
9.2 Protein engineering

Molecular Biotechnology: Applications in Livestock System 168
Ala E. Lew-Tabor, Emerging Technologies, Queensland Primary Industries and Fisheries, QLD; And
Centre for Comparative Genomics, Murdoch University, WA, Australia.

1. Introduction
Molecular Biotechnology Approaches Applied to Livestock Systems
2.1 Genetics and breeding
2.1.1  Reproductive technologies
2.1.2  Molecular approaches to breeding
2.2 Molecular diagnostics and animal health
2.2.1  Improved immunoassays/Immunosensors
2.2.2  Nucleic acid (DNA or RNA based) diagnostics
2.3 Animal vaccines
2.3.1  Vaccine types
2.3.2  Vaccine delivery
Future Trends
4. Conclusions

W

Index 183
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Methods in Gene Engineering 1

Chanan Angsuthanasombat, Laboratory of Molecular Biophysics and Structural Biochemistry, Institute of
Molecular Biology and Genetics, Mahidol University, Salaya Campus, Nakornpathom, 73170 Thailand

1. Introduction
Gene Engineering with Polymerase Chain Reaction
2.1 Principles and Limitations of PCR
2.2 Applications of PCR
2.2.1  Gene Fusion via Splicing by Overlap Extension
2.2.2  InVitro Mutagenesis via Amplification of Entire Plasmid
2.2.3  Dideoxy-Based Directed DNA Sequencing
3. Gene Expression Strategies
3.1 High-Level of Protein Expression in Escherichia coli
3.2 Expression of Cloned Genes as Fusion Proteins
3.3 Detection of Expressed Gene Products

Genetic Manipulation of Bacteria 16
Christopher Morton Thomas, School of Biosciences, University of Birmingham, Edgbaston, Birmingham
UK.

1. Introduction
2. Genetic manipulation in bacteria
2.1 Vectors
2.1.1  Plasmid vectors
2.1.2  Phage vectors
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2.2 In vitro recombination
Introduction of DNA into bacteria
Library screening
Polymerase chain reaction (PCR)
Expression and protein purification
Site directed mutagenesis
Genetic manipulation of bacteria
8.1 Cloning specific genes
8.2 DNA shuffling
9. Examples of genetic manipulation
9.1 Producing antibodies in bacteria
9.2 Manipulation of bacterial metabolism
9.3 Manipulation of biodegradative capacity
9.4 Bacteria as biosensors
9.5 Manipulation of antibiotic biosynthesis
10. Biosafety

PN kW

Genetic Engineering of Fungal Cells 36
Margo M. Moore, Department of Biological Sciences, Simon Fraser University, Burnaby, Canada

1. Introduction
1.1. Industrial importance of fungi
1.2. Purpose and range of topics covered
2. Generation of transforming constructs
2.1. Autonomously-replicating plasmids
2.2. Promoters
2.2.1.  Constitutive promoters
2.2.2.  Inducible promoters
2.3. Selectable markers
2.3.1. Dominant selectable markers
2.3.2.  Auxotropic/inducible markers
2.4. Gateway technology
2.5. Fusion PCR and Ligation PCR
3. Transformation methods
3.1. Protoplast formation and CaCl2/ PEG
3.2. Electroporation
3.3. Agrobacterium-mediated Ti plasmid
3.4. Biolistics
3.5. Homo- versus heterokaryotic selection
4. Gene disruption and gene replacement
4.1. Targeted gene disruption
4.1.1.  Ectopic and homologous recombination
4.1.2.  Strains deficient in non-homologous end joining (NHEJ)
4.1.3. AMT and homologous recombination
4.1.4. RNA interference
4.2. Random gene disruption
4.2.1. Restriction enzyme-mediated integration (REMI)
4.2.2. T-DNA tagging using AMT
4.2.3. Transposon mutagenesis & TAGKO
5. Concluding statement

Genetic Engineering of Algal Species 67
Ann-Sofi Rehnstam-Holm, Section for Aquatic Biology and Chemistry, Kristianstad University,
Kristianstad, Sweden

Anna Godhe, Dept. Marine Ecology, University of Gothenburg, Goteborg, Sweden

1. Introduction
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1.1 What are Algae?
1.2 What is Genetic Engineering?
1.3 The Importance of Algae
2. Classification of Algae
Principles of Microalga Culture
4. Gene Technology
4.1 Polymerase Chain Reaction
4.2 Cloning
4.3 Hybridization
5. Genetical Identification and Phylogeny
5.1 Origin of Chloroplasts
5.2 Use of Conserved Genes
5.3 Molecular Identification of Algae
5.4 Molecular Identification of Algal Populations
6. Genetic Engineering as a Tool to understand the Physiology, Biochemistry and Molecular Biology of
Algae
6.1 Model Organisms
6.1.1  Chlamydomonas reinhardtii—The "Green Yeast"
6.1.2  Cyanobacteria
6.2 Genetic Studies of Photosynthesis
6.3 Genetic Studies of Photoprotection
6.4 Genetic Studies on the Function of Flagellae
6.5 Genetic Studies on Transport of Proteins into Plastids
6.6 Markers used for Growth Studies
6.7 Processes Regulated by the Circadian Clock
7. Genetic Engineering of Algae: Examples of Environmental and Industrial Applications
7.1 Cyanophyceae as N-fertilizers and Bioremediators
7.2 Commercially Attractive Compounds from Algae
7.3 Cultivation of Marine Macro Algae

[98)

Genetic Engineering of Plants 94
Jennifer Ann Thomson, Department of Microbiology, University of Cape Town, South Africa

1. Introduction
Transformation of dicotyledonous plants
2.1 Transformation using Agrobacterium tumefaciens
2.1.1  Therole of A. tumefaciens chromosomally encoded proteins and the Vir proteins
2.2 Other transformation methods
3. Transformation of monocotyledonous plants
3.1 Biolistic transformation
3.1.1  Gene silencing
3.2 Agrobacterium transformation

4. Transformation of algae

5. Promoter efficiency and tissue specificity

6. Targeting genes to organelles

7. Integration and stability of transgenes

Genetic Engineering of Mammalian Cells 110

Hugo H. Montaldo, Departamento de Genética y Bioestadistica. Facultad de Medicina Veterinaria y
Zootecnia, Universidad Nacional Auténoma de México.

1. Introduction
. Expression and Regulation of Eukaryotic Genes
3. Recombinant DNA Technology
3.1 Restriction Enzymes
3.2 DNA Vectors
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3.3 DNA Libraries
4. Genetic Maps\
4.1 Genetic Linkage Maps
4.2 Physical Maps
4.2.1  Chromosomal Map
422  cDNA Map
4.3 Sequencing Technologies and the Human Genome Project
4.4 Gene Function and Expression in Mammals
Use of Genomic Information in Animal Improvement
6. Cloning Adult Mammals
6.1 Cloning Methods
6.2 Problems
6.3 Use of Cloning in Animal Breeding
7. Transgenic Animals
7.1 Transgenic Methods
7.2 Transgenesis in the Improvement of Production Traits
7.2.1  Growth and meat traits
7.2.2  Milk Composition
7.3 Animal Models for Human Diseases
7.4 Synthesis of Biomedical Products (Bioreactors)
7.5 Commercial Transgenic Products
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Fermented Foods and Their Processing
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1. Introduction
Fermented food from cereals
2.1 Wheat
2.1.1  Ingredients for Modern Bread-making
2.1.2  Processes of Bread making
2.1.3  Systems of baking
2.1.4  Role of Yeasts in Bread making
2.2 Maize and/or sorghum
2.2.1  Ogi, koko, mahewu
2.2.2  Koko
2.2.3  Mahewu
3. Fermented foods from cassava
3.1 Garri
3.1.1  Preparation of Garri
3.1.2  Microbiology of the fermentation of Garri
3.1.3  Improvements in garri
3.2 Foo-foo, chikwuangue, lafun, kokonte and cinguada
4. Fermented Foods from Legumes
4.1 Soybeans
4.1.1 Soy sauce
4.1.1.1 Soy sauce manufacture
4.1.1.2 Flavor of soy sauce
4.1.2  Miso
4.1.2.1 Manufacture of Miso
4.1.3  Natto (Fermented whole soybean)
4.1.4  Sufu (Chinese soybean cheeses)
4.1.4.1 Preparation of soy milk curd
4.1.4.2 Molding Process
4.1.4.3 Brining and Aging
4.1.5 Tempeh
4.2 Beans
42.1 Idl
4.2.1.1 Production of Idli
4.3 Production of Ugba
4.4 Production of Iru (Dawadawa)
4.5 Oncom (Ontjom)
4.6 Condiments from the Fermentation of Miscellaneous oil-seeds
5. Fermented foods from vegetables
5.1 Sauerkraut
5.2 Cucumbers [pickling]
6. Fermentations for the Production of Coffee, Tea and Cocoa
6.1 Tea Production
6.2 Coffee Fermentation
6.2.1  Processing of coffee
6.3 Cocoa Fermentation
7. Fermented foods made from milk
7.1 Composition of milk
7.2 Starter Cultures

©Encyclopedia of Life Support Systems (EOLSS)

19

XXXVviil



BIOTECHNOLOGY

7.3 Fermented Milks including Yoghurt
7.3.1  Acidophilus Milk

73.2 Koumis

7.3.3 Kefir

734  Yoghurt
7.4 Cheese

7.4.1  Standardization of Milk
7.4.1.1 Standardization of Milk
7.4.1.2 Inoculation of pure cultures of lactic acid bacteria
7.4.1.3 Problems of lactic acid bacteria in cheese-making
7.4.1.4 Adding of rennet for coagulum formation
7.4.1.5 Shrinkage of the curd
7.4.1.6 Salting of the curd and pressing into shape
7.4.1.7 Cheese ripening
7.4.2  Types of cheeses
8. Fermented Food from alcohol
8.1 Historic Development
8.2 Types of Vinegar
8.3 Vinegar production processes
8.3.1  The Orleans (or slow) method
8.3.2  The trickling generators (quick) method
8.3.3  Submerged generators
8.3.3.1 Advantages of the acetator over trickling generator
8.3.3.2 Disadvantages
9. Food condiments made from fish
9.1 Fish sauce
9.2 Fish paste

Essentials of Nitrogen Fixation Biotechnology 54
Nancy K. Karanja, Nairobi Microbiological Resources Center, University of Nairobi, KENYA
James H.P. Kahindi, United States International University-Africa, Nairobi, KENYA

Introduction
Crop Requirements for Nitrogen
Potential for Biological Nitrogen Fixation [BNF] Systems
Diversity of Rhizobia
4.1 Factors Influencing Biological Nitrogen Fixation [BNF]
5. The Biochemistry of Biological Nitrogen Fixation: The Nitrogenase System
5.1 The Molybdenum Nitrogenase System
5.1.1  The Iron Protein (Fe protein)
5.1.2  The MoFe Protein
5.2 The Vanadium Nitrogenase
5.3 Nitrogenase-3
6. The Genetics of Nitrogen Fixation
6.1 The Mo-nitrogenase Structural Genes (nif H,D,K)
6.2 Genes for nitrogenase-2 (vnf H,D,G,K,vnfA,vnfE,N,X)
6.3 Regulation of Nif Gene Expression
7. The Potential for Biological Nitrogen Fixation with Non-legumes
7.1 Frankia
7.2 Associative Nitrogen Fixation
8. Application of Biological Nitrogen Fixation Technology
8.1 Experiences of the Biological Nitrogen Fixation -MIRCENs
8.2 Priorities for Action

el e

©Encyclopedia of Life Support Systems (EOLSS) XXXIX



BIOTECHNOLOGY

Crop Protection through Pest-Resistant Genes

Stanley Freeman, Department of Plant Pathology, Agricultural Research Organization, The Volcani

Center, Bet Dagan, Israel
Agnes W. Mwang'ombe, Department of Crop Science, University of Nairobi, Kenya

1. Introduction
Mechanisms of Plant Defense
3. Insect resistance
3.1 Bt - endotoxins
3.2 Other insecticidal proteins
4. Nematode resistance
5. Fungal and bacterial resistance
5.1 Single component control strategies
5.1.1  Thionins and Defensins
5.1.2  Antimicrobial enzymes (PR proteins)
5.1.3  Phytoalexins
5.1.4  Ribosome-inactivating proteins (RIPs)
5.1.5  Toxin degradation compounds
5.2 Multiple component control strategies
5.2.1  Disease resistance via R-genes
5.2.2  Systemic acquired resistance (SAR)
6. Virus resistance
6.1 Protein-mediated pathogen-derived resistance (PDR)
6.2 Gene silencing
6.3 Nonviral gene expression
7. Weed resistance

Composting Agricultural and Industrial Wastes
Graham J. Manderson, Institute of Technology and Engineering, Massey University, New Zealand

1. Introduction
Defining Composting
2.1 What is Composting?
2.2 Compostable Materials
3. An Outline of the Composting Operation
3.1 Process Considerations
3.2 System Configuration
3.3 Operating Conditions
3.3.1  Temperature
3.3.2  Pile Aeration
3.3.3  Moisture
334  Substrate
3.3.5 Compost Mixture pH
3.3.6  Odor and Its Control
3.3.7  Process Additives
3.4 The Mature Compost
4. Metabolic Processes in Aerobic Composting
5. Ecology of Compost Systems
5.1 Microbial Populations
5.1.1  Bacteria
5.1.2  Fungi in the Maturing Compost
5.2 Pathogens and Risks to Human Health
5.2.1  Sources of Pathogens and their Inactivation
5.2.2  Kinds of Primary Pathogens Present
5.2.3  Opportunistic Pathogens and Allergens in Compost
6. Environmental Concerns
7. Conclusions
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Silage for Animal Feed 123
Leendert't Mannetje, Wageningen University, The Netherlands

1. Introduction
. History of Silage Making
3. The Ensiling Process
3.1. The Harvesting and Storage Phase
3.2. The Aerobic Phase
3.3. The Fermentation Phase
3.4. The Stable Phase
3.5. The Feed-out Phase
Silage Microflora
Silage Additives
Silage Quality
Properties of Common Forages and Crops for Ensilage
7.1. Grasses
7.2. Maize
7.3. Legumes
7.4. Whole Plant Silage
7.5. Sorghum
8. Silage from Crop Residues and By-products

N

Transgenic Plants 136
Kathleen Laura Hefferon, Cornell Research Foundation, Cornell University, Ithaca, USA

1. Introduction
Transformation of Plants
3. Herbicide and Disease-Resistant Crops
3.1. Plant Virus-Resistant Crops
3.1.1.  Coat protein-mediated resistance
3.1.2.  Resistance conferred by other gene products
3.2. Resistance Against Other Pathogens
3.3. Resistance Against Insect Pathogens
3.3.1.  Transgenic crops expressing Bt toxin
3.3.2. Transgenic crops expressing other insecticidal protein toxins
3.4. Herbicide Resistant Transgenic Plants
4. Manufacturing Proteins in Plants
4.1. Vaccines in Plants
4.1.1. LT-BandCT-B
4.1.2. Hepatitis B
4.1.3. Norwalk Virus
4.1.4. Foot and Mouth Disease Virus
4.1.5. Transmissible Gastroenteritis Virus
4.2. The Use of Antibodies in Plants as Immunotherapeutic Agents
4.3. Biopharmaceuticals
5. Nutritional Enhancement of Plants (Nutriceuticals)
5.1. Golden rice
5.2. Other Nutritionally Enhanced Transgenic Plants
Transgenic Plants and Gene Silencing
7. Conclusions

a

Transgenic Technologies for Animals as Bioreactors 160
Xiangzhong (Jerry) Yang, University of Connecticut, USA
Bin Wang, Nexia Biotechnologies, Inc., Canada

1. Introduction
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Methods for Producing Transgenic Animals as Bioreactors

2.1.
2.2.
2.3.
24.
2.5.
2.6.

Producing Transgenic Animals by Direct DNA Microinjection into Zygote Pronuclei

Characteristics of Transgene Integration and the Mechanism of Mosaicism
Methods to Improve Transgene Integration via Pronuclear DNA Microinjection
Producing Transgenic Animals Through Nuclear Transfer of Somatic Cells
Retrovirus Mediated Gene Transfer

Sperm Mediated Gene Transfer

Control of Transgene Expression in Transgenic Animal Bioreactors

3.1.
3.2
3.3.
3.4.

Protein Production in the Mammary Gland

Foreign Protein Expression in Urine

Foreign Protein Production in Semen

Considerations of Transgene Structure and Expression

Conclusions

Plant Breeding and Molecular Farming
Philip A. Davies, South Australian Research and Development Institute (SARDI), Australia

L=

Introduction

Traditional Plant Breeding
Biotechnology in Plant Breeding
Products of Crop Genetic Engineering

4.1.

4.2.

Improved Productivity
4.1.1. Herbicide Resistance
4.1.2. Insect Resistance
4.1.3.  Virus Resistance
4.1.4. Fungus Resistance
4.1.5. Bacterial Resistance
4.1.6.  Plant Physiological Traits
4.1.7.  Seed Sterilization Technology
New and Modified Crop Products
4.2.1. Modified Proteins and Amino Acids
4.2.2. Modified Oils
4.2.3. Post-harvest Quality
4.2.4. Modified Flower Color and Patterns
4.2.5. Industrial Polymers
4.2.6. Medical Products

Potential Consequences of Crop Biotechnology and Genetic Engineering

5.1.
5.2.
5.3.
54.
5.5.
5.6.
5.7.

Effectiveness in Agriculture

Gene Escape to Other Plants and Species
Effect on Non-target Organisms

Impact on Biodiversity

Impact on Human Health

Impact on Plant Breeding Strategies
Socioeconomic Impact

Risk Assessment

Biotechnology and Agrobiodiversity
Bert Visser, Centre for Genetic Resources, The Netherlands
Jan-Peter Nap, Plant Research International, The Netherlands

1.

Introduction
Technical aspects of agricultural biotechnology at the interface with agrobiodiversity

2.1.
2.2.
2.3.
2.4.

In vitro technologies

Genetic modification and the sourcing of genes
Molecular marker technology

Genomics and beyond
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2.5. The context of agricultural biotechnology
Agro-biodiversity as a source for biotechnological applications
4. Biotechnological tools in genetic resources management

4.1. Conservation

4.2. Utilization
5. Impact of biotechnology on agrobiodiversity

5.1. Biological effects

5.2. Socio-economic effects

5.3. Nutritional and cultural effects

W

The Economics of Agrobiotechnology 227
J. Wesseler, Social Science Department, Wageningen University, The Netherlands

1. Introduction
Important Economic Aspects of Agrobiotechnology
2.1. Research and Development Level
2.2. Agriculture Sector Level
2.3. Consumer Level
3. Methodological Approaches to Assess the Benefits and Costs of Agrobiotechnology
3.1. Deterministic Models
3.2. Stochastic Models
3.2.1. Models with Stationary Stochastic Variables
3.2.2. Models with Non-Stationary Stochastic Variables
4. Empirical Evidence
4.1. Costs and Benefits of Agrobiotechnology
4.2. Distribution of Benefits and Costs
5. Conclusions and Outlook

Conventional Plant Breeding for Higher Yields and Pest Resistance 242
Roberto Garcia-Espinosa, Colegio de Postgraduados en Ciencias Agricolas, México
Raoul A. Robinson, Retired crop scientist, Canada

Introduction
Macro-Evolution and Micro-Evolution
Domestication
The Worldwide Redistribution of Plants
Stable and Unstable Protection Mechanisms
Quantitative and Qualitative Genetics
Quantitative (Horizontal) and Qualitative (Vertical) Resistance
The Gene-for-Gene Relationship
8.1. A System of Locking
8.2. The Natural Function of the Gene-For-Gene Relationship
8.3. The Break Down of Resistance and the Boom and Bust Cycle of Plant Breeding
9. Vertical Resistance and Horizontal Resistance Compared
9.1. Stability
9.2. Space
9.3. Profile
9.4. Time
9.5. Cultivars
10. Special Aspects of Horizontal Resistance
10.1. A Second Line of Defense
10.2. Horizontal Resistance is Useful
10.3. Horizontal Resistance is Universal
10.4. Horizontal Resistance is Durable
10.5. The Erosion of Horizontal Resistance
10.6. Breeding for Horizontal Resistance
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10.7. Transgressive Segregation
10.8. On-Site Screening
10.9. Cumulative Progress
10.10.Plant Breeding Clubs
10.11.Successes in Horizontal Resistance Breeding
11. Yield versus Resistance
12. The Nature of Plant Breeding
12.1. Crop Uniformity
12.2. The Methods of Conventional Plant Breeding
12.3. Conventional Plant Breeding for Higher Yields, Quality, and Resistance
12.4. Conventional Plant Breeding and Genetic Engineering
13. The Future of Conventional Plant Breeding
14. Complexity Theory

Transgenic Vegetable Crops For Managing Insect Pests and Fungal and Viral Diseases 262
Zamir K. Punja, Center for Environmental Biology, Department of Biological Sciences, Simon Fraser
University, 8888 University Drive, Burnaby, British Columbia V5A 1S6, Canada

1. Introduction
Genetic Engineering Technologies
2.1. Tissue culture selection —
2.2. Gene transfer technologies
2.2.1.  Agrobacterium-mediated transformation
2.2.2.  Direct methods for transformation
2.2.2.1. Particle bombardment
2.2.2.2. Protoplast-mediated transformation
3. Insect resistant vegetable crops
3.1. Bacillus thuringiensis toxins
3.2. Protease and a-amylase inhibitors
3.3. Lectins
3.4. Chitinases
4. Virus-resistant vegetable crops
5. Fungal-resistant vegetable crops
5.1. Hydrolytic enzymes
5.2. Lysozymes
5.3. Peptides
5.4. Pathogenesis-related proteins
5.5. Phytoalexins
5.6. Hydrogen peroxide
5.7. Inhibition of pathogen virulence products
5.8. Alteration of structural components
5.9. Engineered cell death
5.10. Enhanced defense responses
5.11. Reduced ethylene production
6. Issues to consider
7. Conclusions

Farmers and Plant Genetic Resources 291
Nadine Saad, CGIAR Systemwide Program, Canada

Louise Sperling, International Center for Tropical Agriculture, Italy

Jacqueline A. Ashby, CIAT, USA

1. Introduction
2. Why Plant Genetic Resources (PGR) Are Important to Farmers
3. How Farmers Manage and Use Plant Genetic Resources

3.1. Varietal Choice
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3.2. Varietal Management, Recombinations, and Introductions
3.3. Seed Selection Within Populations
3.4. Storage
3.5. Seed Exchange and Purchase
3.6. Farmers’ Breeding and Experimentation
3.7. Farmer Knowledge of Varietal Traits
4. Advancing PGR with Farmers: Joining Formal and Informal Research
4.1. Participatory Plant Breeding (PPB)
4.2. Impact and Potential of Participatory Plant Breeding (PPB)
4.3. Supporting Informal Seed Systems
4.4. In Situ Conservation
5. Developments
5.1. Biotechnology Experience and Promise
5.2. Addressing Issues of Intellectual Property Rights
6. Conclusion

The Role of Plant Genomics in Biotechnology

317

A.Varma and N. Shrivastava, B. V. Patel Pharmaceutical Education & Research Development (PERD)

centre, Sarkhej — Gandhinagar Highway, Thaltej, Ahnmedabad, Gujarat, India

1. Understanding the ' plant genome'
1.1. Extra Nuclear Genomes
1.2. Structure, Size and Organization
1.3. Synteny and Collinearity of Plant Genomes
2. The science of ‘Genomics’
2.1. Genome Sequences — the Raw Material
2.2. Structural and Functional Genomics
3. Arabidopsis Genome Sequence — The signpost of plant genomics
3.1. Arabidopsis will not feed the world
3.2. The International Rice Genome Sequencing Project
4. Applying genomics to Agricultural Biotechnology
4.1. Agrobiotechnology Contributions
4.1.1.  The Flavr Savr Tomato
4.1.2.  The Golden Rice
4.1.3. Bt Crops

4.1.4.  Stress Tolerant, Herbicide and Disease Resistant Crop Varieties

4.2. Farming Pharmaceuticals
5. Concluding Remarks

Roles of Plant Hormones in Legume Nodulation

P. K. Chan and P.M. Gresshoff, ARC Centre of Excellence for Integrative Legume Research, The

University of Queensland, Australia.

Introduction
Abscisic Acid
Auxin
Cytokinin
Ethylene
Gibberellins
Conclusion
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VOLUME IX

Marine Biotechnology 1
Indrani Karunasagar, UNESCO MIRCEN for Marine Biotechnology, Department of Fishery Microbiology,
University of Agricultural Sciences, College of Fisheries, Mangalore, India.

1. Scope of Marine Biotechnology
Industries Based on Marine Biotechnology
2.1. Biomedicals
2.2. Biopolymers
2.3. Enzymes and Biochemicals
3. Scientific Studies with a Commercial Potential
3.1. Biomedical Products
3.2. Biopolymers
3.3. Enzymes and Biochemicals
3.4. Aquaculture and Fish Production
3.5. Bioinformatics

Molecular Aspects of Steroid Action in Marine Fishes 14
B.S. Nunez, S.L. Applebaum, A .H. Berg, G.E. Dressing, A.N. Evans and C.W. Tubbs, Department of
Marine Science, The University of Texas at Austin, U.S.A.

T.P. Barry, Aquaculture Program Laboratory, University of Wisconsin-Madison, U.S.A.

1. Introduction
Steroid Classes
2.1. Progestins
2.1.1.  Corticosteroids
2.1.2.  Maturation Inducing Steroids
2.2. Androgens
2.3. Estrogens
2.4. Neurosteroids
3. Steroidogenesis
3.1. Cholesterol Transfer
3.2. Cytochromes P450
3.2.1. CYPI1A (Cholesterol Side Chain Cleavage)
3.2.2. CYPI17 (17-hydroxylase; 17,20-lyase)
3.2.3.  CYP21 (21-hydroxylase)
3.2.4. CYPI11B (11B-hydroxylase)
3.2.5. CYP19 (Aromatase)
3.2.6. CYPla (1o-hydroxylase)
3.3. Hydroxysteroid dehydrogenases (HSDs)

3.3.1. HSD3

3.3.2. HSDI1
3.3.3. HSDI17
3.3.4. HSD20

4. Steroid Binding Proteins
4.1. Sex Hormone Binding Globulin
4.2. Corticosteroid Binding Globulins
4.3. Albumin
5. Steroid Inactivating Enzymes
5.1. Cytochromes P450
5.2. Hydroxysteroid Dehydrogenases
5.3. Steroid Reductases
5.4. Sulfotransferase
5.5. UDP-Glucuronosyltransferases
6. Steroid Hormone Receptors
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6.1. Nuclear Steroid Hormone Receptors
6.1.1.  Progestin receptors
6.1.2.  Corticosteroid receptors
6.1.3.  Androgen Receptors
6.1.4.  Estrogen Receptors
6.1.5. Membrane Localized Nuclear Steroid Receptors
6.2. Novel Membrane Steroid Receptors
6.2.1. Novel Membrane Progestin Receptor
6.2.2. Novel membrane Androgen Receptor
6.2.3. Novel Membrane Estrogen Receptor
7. Examples of Processes Governed by Steroid Hormones
7.1. Oocyte Growth and Vitellogenesis
7.2. Regulation of Oocyte Maturation
7.3. Regulation of Spermatogenesis
7.4. Hydromineral Balance
7.5. Development
8. Concluding Remarks

Marine Microbial Enzymes

Chandrasekaran, M. and Rajeev Kumar, S., Microbial Technology Laboratory, Department of

Biotechnology, Cochin University of Science and Technology, Cochin, Kerala, India

1. Introduction
Role of Microbial Enzymes in Marine Environment
3. Enzymes from Marine Microorganisms
3.1. Polysaccharases
3.1.1.  Starch Hydrolyzing Enzymes
3.1.1.1. o-Amylase (EC-3.2.1.1)
3.1.1.2. o -Glucosidase (EC-3.2.1.2)
3.1.1.3. Pullulanases (EC-3.2.1.41)-Debranching Enzymes
3.1.1.4. Cyclomaltodextrin-glucanotransferase (CGase EC-2.4.1.19)
3.1.2. Agarase (EC-3.2.1.81)
3.1.3.  Alginate-lyase (EC-4.2.2.3)
3.14. k -carrageenanase (EC-3.2.1.83)
3.1.5. o -Galactosidase (EC-3.2.1.22)
3.1.6.  Cellulases and Related Enzymes
3.1.7.  Glucanases
3.1.8.  Chitinases (EC-3.2.1.14)
3.1.9.  Other Polysaccarases
3.2. Laccase (LC) (EC-1.10.3.2)
3.3. Proteases
3.4. Lipase (EC-3.1.1.3)
3.5. Other Known Enzymes
3.5.1.  Amido Hydrolases
3.5.1.1. L-asparaginase (EC-3.5.1.1)
3.5.1.2. L-glutaminase
3.5.2.  Tyrosinase (EC-1.14.18.1)
3.5.3. Hydrogenase
3.54. Superoxide-dismutase (SOD, EC-1.15.1.1)
3.5.5. Glucose-dehydrogenase
3.6. Extremozymes (Enzymes from extremophiles)
3.6.1.  Thermostable Enzymes
3.6.2.  Cold Adapted Enzymes
3.6.3. Alkalophilic Enzymes
3.6.4. Halophilic and Halo Tolerant Enzymes
3.7. Recognition of Valuable Extremozymes
4. Enzymes as Tools in Biotechnology
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4.1. Restriction Enzymes from Marine Bacteria

4.2. Other Nucleases from Marine Bacteria

4.3. Bacteriolytic Enzyme by Bacteriophage from Seawater
5. Innovations in Enzyme Technology

5.1. Enzyme Engineering

5.2. Immobilization Technology

5.3. Gene Cloning for Marine Enzymes
6. Future Prospects

Biotechnological Tools in fish health Management 80
Indrani Karunasagar, UNESCO MIRCEN for Marine Biotechnology, Department of Fishery Microbiology,
University of Agricultural Sciences, College of Fisheries, Mangalore, India.

1.  Microbial Disease Problems in Aquaculture
Strategies for Health Management

3. Biotechnological tools in health management
3.1. Pathogen detection and disease diagnosis
3.2. Biocontrol of pathogens through probiotics
3.3. Protection of hosts through immunoprophylaxis
3.4. Bioremediation of aquaculture environment

Molecular Tools for Improving Seafood Safety 105
Iddya Karunasagar, University of Agricultural Sciences, College of Fisheries, Mangalore, India

1. Introduction
Bacterial Pathogens Associated with Seafoods
2.1. Vibrio spp
2.2. Salmonella
2.3. Listeria monocytogenes
3. Viruses
3.1. Hepatitis A Virus
3.2. Norwalk and Norwalk-like Viruses
4. Biotechnological Tools in Safety Assurance
4.1. Biotechnological Tools for Bacterial Identification and Detection
4.1.1.  Vibrio cholerae
4.1.2.  Salmonella
4.1.3. Listeria monocytogenes
4.1.4. Vibrio vulnificus
4.1.5.  Vibrio parahaemolyticus
4.2. Biotechnological Tools for the Detection of Pathogenic Viruses
5. Antibiotic Resistant Bacteria in Aquatic Systems and Monitoring their Presence by Molecular
Methods

Marine Natural Products Biotechnology 120
Russell T. Hill, University of Maryland Biotechnology Institute, Baltimore, Maryland, USA

1. Historical Development
Present Development
2.1. Introduction and Scope
2.2. Pharmaceuticals
2.3. Microbiological Aspects of Marine Natural Products Discovery
2.4. Production Issues
2.5. Enzymes
2.6. Other Products
2.7. Environment
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2.8. Social Aspects
3. Future Development

Molecular Tools for the Study of Marine Microbial Diversity 138
L.K. Medlin, K. Valentin, K. Metfies, K. Tobe, Department of Biological Oceanography, Alfred Wegener
Institute for Polar and Marine Research, Germany

Rene Groben, Lake Ecosystem Group, Centre for Ecology & Hydrology, United Kingdom

1. The Importance of Biodiversity Research in the Marine Environment
. What Questions can be Answered Using Molecular Biology Techniques?
3. Evaluating Marine Biodiversity by Sequence Analysis and Fingerprinting Methods
3.1. Sequence Analysis
3.1.1.  Which Genes to Select?
3.1.2.  How to Generate Sequence Data?
3.1.3.  Determining Biodiversity in an Environmental Sample by Sequence Analysis
3.1.4.  Analysing Sequences for Determining Phylogenies and Biodiversity
3.1.5. DNA Barcoding
3.2. Fingerprinting Methods
4. Analysis of Population Structure Using Molecular Markers
5. Molecular Probes for Identification and Characterisation of Marine Phytoplankton
5.1. Introduction
5.2. Probe Design
5.3. Detection Methods
6. Conclusions

Bioremediation in the Marine Environment 171
Iddya Karunasagar, Department of Microbiology and UNESCO-MIRCEN, University of Agricultural
Sciences, College of Fisheries, Mangalore-575002, India

1. Introduction
Types of Pollutants in the Marine Environment
2.1. Petroleum Hydrocarbons
2.2. Xenobiotics
2.3. Heavy Metals
3. Pathways for Bioremediation
3.1. Biodegradation of Petroleum Hydrocarbons
3.2. Biodegradation of Xenobiotics
3.3. Bioremediation of Heavy Metal Pollutants
4. Genetic Engineering and Bioremediation

Biotechnology of Archaea 186
Costanzo Bertoldo, Technical University Hamburg-Harburg, Germany
Garabed Antranikian, Technical University Hamburg-Harburg, Germany

1. Introduction

1.1. Archaea Living at the Boiling Point of Water
1.2. Archaea Growing at Extremes of pH

1.3. Halophilic Microorganisms

Cultivation of Extremophilic Archaea

Molecular Basis of Heat Resistance

Screening Strategies for the Detection of Novel Enzymes from Archaea
Starch Processing Enzymes

5.1. Heat Stable Amylases and Glucoamylases
5.2. a-Glucosidases

5.3. Thermoactive Pullulanases and CGTases
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Cellulose and Hemicellulose Hydrolyzing Enzymes
Chitin Degradation
Proteolytic Enzymes
Alcohol Dehydrogenases and Esterases
0. DNA Processing Enzymes
10.1. Polymerase Chain Reaction (PCR)
10.2. DNA Sequencing
10.3. Ligase Chain Reaction
11. Archaeal Inteins
12. Conclusions
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Viable But NonCulturable Bacteria in the Marine Environment and the Biotechnological Tools to
Detect Them 220
Rita R. Colwell, Center of Marine Biotechnology, University of Maryland Biotechnology Institute,
Baltimore, Maryland and Department of Cell and Molecular Biology, University of Maryland, College
Park, Maryland, USA

1. Introduction
2. History of the Viable but Nonculturable Phenomenon in Bacteria

Extending Integrated Fish Farming Technologies to Mariculture in China 233
Li Kangmin, Asia Pacific Regional Research & Training Center for Integrated Fish Farming
No. 9 Shanshui West Road Wuxi 214081 China

1. Introduction
Rationale of Integrated Aquaculture and Mariculture
2.1. Chinese Philosophy and ZERI Concept
2.2. New Natural Philosophy and the Five Kingdoms
3. Integrated Fish Farming
3.1. Historical Records of Integrated Fish Farming
3.1.1.  YuHuBing
3.1.2.  The Development of Inland Aquaculture Depended upon Natural Seed Supply in Long
Period of Time
3.1.3.  The Third Stage
3.2. Characteristics of Integrated Fish Farming
3.2.1. Integrated Fish Farming Models vary from Different Natural Conditions and
Diversified Economy
3.2.2.  Recycling Agricultural Wastes into Things of Value
3.2.3.  With Rational Utilization of Natural Resources Integrated Fish Farming is being called
as Food-saving, Water-saving, Land-saving and Energy-saving Type of Fish Farming
3.3. Contents of Integrated Fish Farming Systems
3.4. Models of integrated fish farming systems
3.5. Expansion of IFF in Reservoir Fisheries
3.6. Constraints
4. Successful Models in New Stages
4.1. A new Integrated Fish Farming Model
4.1.1. Beneficial Microorganism Remediation
4.1.2. Aquatic Vascular Plant Remediation
4.1.3. Agquatic Filter-feeding Animal Remediation
4.2. New model of Rice Fish: Weeding and Eradicating Harmful Insects in paddies by fry
4.3. Pearl mussel Hyriopsis cumingii culture and processing industry
4.4. Crab Island Circular Economy Model
5. Mariculture
5.1. Oceanic resources in China
5.2. Status Quo of Mariculture Development in China
5.3. Extending Integrated Fish Farming Technologies to Mariculture
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5.3.1.  Induced Breeding in Mariculture
5.3.2. Integration of Mollusks and Seaweed
5.3.3. Di-species Polyculture and Multiple Species Polyculture
5.3.4. Integrated pest/disease management on the basis of 5 kingdom
6. Eight New Concepts or Trends of Integrated Aquaculture and Mariculture
6.1. Polyculture practiced from mere Fish Species (4-7 cultivated species) to Fish/Turtle, Fish
Mollusks to Multiple Aquatic Species (Fish, Shrimps, Mollusks and Algae); from
Complementary to Predator-prey
6.2. Some Euryhaline Species in Mariculture can be cultured in Brackish Water, even in Freshwater
6.3. Some Eurythermal Organisms in the South can be cultured in the North vice versa
6.4. Integration of Culture Fisheries within Macro Agriculture
6.5. Integration of Culture Fisheries with Industries
6.6. Artificial Breeding is to turn Wild Species into be Cultured Species
6.7. Hybridization Utilization
6.8. Circular Aquaculture and Mariculture

Index 269

About EOLSS 275
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Environmental Biotechnology - Socio-Economic Strategies for Sustainability 1

Horst Werner Doelle, MIRCEN-Biotechnology Brisbane and the Pacific Regional Network Kenmore 4069,
Australia

Poonsuk Prasertsan, Department of Industrial Biotechnology, Faculty of Agro-Industry, Prince of Songkla
University, Hat Yai, Thailand

1. Introduction
Nature’s Cycles of Matter
2.1. General Description
2.2. The Carbon Cycle
2.3. The Nitrogen Cycle
2.3.1.  Nitrogen fixation
2.3.2. Nitrification
2.3.3.  Denitrification
2.4. The Sulfur Cycle
2.4.1.  Ogxidative sulfur transformations
2.4.2. Reductive Sulfur Transformation
2.5. Phosphorous Cycle
2.6. Interrelations between the cycling of individual elements
3. Socio-economic strategies
3.1. Community involvement and joint venture capital
3.2. Multiproduct formation from renewable resources
3.2.1. Grain
3.2.2.  Sagopalm
3.2.3. Sugarcane
3.2.4.  Agro-Industries
3.3. Bioconversion of wastes
3.3.1.  Anaerobic Digestion - energy [biogas], biofertiliser and food production
3.3.2.  Gasification - energy [electricity] production
3.3.3.  Ethanol - biofuel production
3.3.4. Composting - biofertiliser production
3.3.5. Mushroom production - food and biofertiliser production
3.3.6. Aquaculture
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3.3.7. Microbial Biomass Protein and Silage - feed production
4. Benefits to the environment

Recycling Livestock Excreta in Integrated Farming Systems

Thomas Reginald Preston, University of Tropical Agriculture, Phnom Penh, Cambodia

Introduction
Livestock Excreta as Livestock Feed
Potential Benefits from the Recycling of Livestock Excreta
Methods of Processing (Recycling) of Livestock Excreta
The Biodigester Sub-system
5.1. Types of Biodigester
5.2. Factors Influencing the Cost and Performance of Plastic Biodigesters
5.2.1.  The Plastic Tube
5.2.2.  The Inlet and Outlet Pipes
5.2.3.  Connecting the Tubular Film with the Inlet and Outlet Pipes
5.2.4. The Gas Line
5.2.5. The Reservoir
5.3. Management Factors that Govern Gas Production
5.3.1.  Size of the Biodigester
5.3.2. The Loading Rate
5.3.3. Residence Time
5.34. Liquid Volume
5.3.5. Level or Inclined Biodigesters
5.3.6.  Animal Species
5.4. Commonly Encountered Problems
5.4.1.  Life-span of Tubular Polyethylene Biodigesters
5.4.2.  Accumulation of Sludge and Scum
5.4.3. Water in the Pipeline

DR W=

6. Excreta as Source of Nutrients for Water Plants, Terrestrial Crops and Earthworms

6.1. Water Plants
6.1.1.  Cultivating Duckweed
6.1.1.1. Construction of the Ponds
6.1.1.2. Nutritive Value of Duckweed
6.1.1.3. Fertilizing the Duckweed
6.1.1.4. Problems and Possible Solutions
6.2. Fish Ponds
6.3. Earthworms
6.3.1. Background
6.3.2. Species of Earthworm
6.3.3. Management
6.3.4. Production Coefficients
6.4. Manure and Biodigester Effluent as Fertilizer for Field Crops
6.4.1. Goat Manure as Fertilizer
6.4.2. Biodigester Effluent
7. Conclusions

Recycling of Agro-Industrial Wastes Through Cleaner Technology
Poonsuk Prasertsan, Prince of Songkla University, Thailand

Suteera Prasertsan, Prince of Songkla University, Thailand

Aran H-Kittikun, Prince of Songkla University, Thailand

1. Introduction
. Sources and problems of agro-industrial wastes
3.  Waste management hierarchy
3.1. Waste minimization or waste reduction

©Encyclopedia of Life Support Systems (EOLSS)

41

64

lii



BIOTECHNOLOGY
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