Contents

Chapter 1

Chapter 2

Fermentation Technology
Peter F. Stanbury
1 Introduction
2 Microbial Growth
3 Applications of Fermentation
3.1 Microbial Biomass
3.2 Microbial Metabolites
3.3 Microbial Enzymes
3.4 Transformation Processes
3.5 Recombinant Products
4 The Fermentation Process
4.1 The Mode of Operation of Fermentation
Processes '
5 The Genetic Improvement of Product Formation
5.1 Mutation
5.2 Recombination
6 Conclusions

Molecular Analysis and Amplification Techniques
Ralph Rapley
1 Introduction

1.1 Enzymes Used in Molecular Biology
2 Extraction and Separation of Nucleic Acids
2.1 DNA Extraction Techniques
2.2 RNA Extraction Techniques
Electrophoresis of Nucleic Acids
Restriction Mapping of DNA Fragments
Nucleic Acid Blotting and Hybridization
5.1 Hybridization and Stringency
6 Production of Gene Probes

6.1 DNA Gene Probe Labelling

(U I SN

vil

25

25
25
27
27
29
30
32
34
34
37
38



viii

6.2
6.3
6.4
6.5

Contents

Non-radioactive DNA Labelling
End Labelling of DNA

Random Primer Labelling of DNA
Nick Translation labelling of DNA

7 The Polymerase Chain Reaction

7.1
7.2
7.3
7.4
7.5
7.6
1.7

o}

Stages and Components of the PCR
Thermostable DNA Polymerases
Primer Design in the PCR

PCR Amplification Templates
Sensitivity of the PCR
Modifications of the PCR
Applications of the PCR

Alternative Amplification Techniques

9 Nucleotide Sequencing of DNA

9.1
9.2
9.3
94
9.5

Dideoxynucleotide Chain Terminators
Direct PCR Sequencing

Cycle Sequencing

Automated Fluorescent DNA Sequencing
Maxam and Gilbert Sequencing

10 Bioinformatics and the Internet

Chapter 3 Recombinant DNA Technology
Ralph Rapley
1 Introduction
2 Constructing Gene Libraries

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
29

Digesting Genomic DNA Molecules
Ligating DNA Molecules

Considerations in Gene Library Preparation
Genomic DNA Libraries

cDNA Libraries

Linkers and Adaptors

Enrichment Methods for RNA

Subtractive Hybridisation

Cloning PCR Products

3 Cloning Vectors

3.1

3.2

33

Plasmid Derived Cloning Vectors
3.1.1 Plasmid Selection Systems
3.1.2 pUC Plasmid Cloning Vectors
Virus-based Cloning Vectors
3.2.1 Insertion and Replacement
Cloning Vectors
M 13 and Phagemid-based Cloning Vectors

39
40
41
41
42
45
48
48
50
50
52
54
55
57
58
60
61
62
63
64

67

67
68
68
68
71
72
74
75
76
71
71
79
80
81
82
84

86
88



Contents

3.3.1 Cloning into Single-stranded Phage

Vectors
3.4 Cosmid-based Cloning Vectors
3.5 Large Insert Capacity Cloning Vectors

3.6 Yeast Artificial Chromosome (YAC) Cloning

Vectors
3.7 Vectors Used in Eukaryotic Cells
Gene Probes and Hybridisation
4.1 Cloned DNA Probes
4.2 RNA Gene Probes
Screening Gene Libraries
5.1 Colony and Plaque Hybridisation
5.2 Gene Library Screening by PCR
5.3 Screening Expression cDNA Libraries
5.4 Hybrid Select/Arrest Translation
Applications of Gene Cloning
6.1 Sequencing Cloned DNA
6.2 In vitro Mutagenesis
6.3 Oligonucleotide-directed Mutagenesis
6.4 PCR-based Mutagenesis
Expression of Foreign Genes
7.1 Production of Fusion Proteins
7.2 Expression in Mammalian Cells ,
7.3 Display of Proteins on Bacteriophage
Analysing Genes and Gene Expression
8.1 Identifying and analysing mRNA
8.2 Reverse Transcriptase PCR (RT-PCR)
8.3 Analysing Genes in situ
8.4 Transgenics and Gene Targeting
Microarrays and DNA Chips
Analysing Whole Genomes
10.1 Physical Genome Mapping
10.2 Gene Discovery and Localisation
10.3 Human Genome Mapping Project

Chapter 4 The Expression of Foreign DNA in Bacteria
Robert J. Slater and D. Ross Williams

1
2

Introduction

Control of Gene Expression
2.1 Prokaryotes

2.2 Eukaryotes

X

90
91
93

93
94
95
95
96
96
96
99
99
101
101
101
102
103
103
105
106
109
109
111
111
112
113
115
116
117
118
120
122

125

125
128
128
132




Chapter 5

Chapter 6

(9}

6
7
8

The Expression of Eukaryotic Genes in Bacteria

3.1 Introns

3.2 Promoters

3.3 Ribsome Binding Site

3.4 Expression of Foreign DNA as Fusion
Proteins

3.5 Expression of Native Proteins

Detecting Expression of Foreign Genes

Maximising Expression of Foreign DNA

5.1 Optimising Expression in E. coli

Alternative Host Organisms

Future Prospects

Further Reading

Yeast Cloning and Biotechnology
Brendan P.G. Curran and Virginia C. Bugeja

1
2

5

Introduction

Gene Manipulation in S. cerevisiae

2.1 Introducing DNA into Yeast

2.2 Yeast Selectable Markers

2.3 Vector Systems

Heterologous Protein Production

3.1 The Source of Heterologous DNA

3.2 The Level of Heterologous mRNA Present
in the Cell

3.3 The Amount of Protein Produced

3.4 The Nature of the Required Product

Using Yeast to Analyse Genomes, Genes and

Protein—Protein Interactions

4.1 YAC Technology

4.2 Gene Knockouts

4.3 Novel Reporter Systems

Future Prospects

Cloning Genes in Mammalian Cell-lines
Edward J. Murray

1
2

Introduction

Methods of DNA Transfection

2.1 Calcium Phosphate Co-precipitation
2.2 DEAE-Dextran

2.3 Electroporation

2.4 Protoplast Fusion

Contents

134
135
136
137

138
142
144
145
148
150
153
153

155

155
155
155
156
156
159
. 159

159
160
162

164
164
169
172
174

177

177
179
180
181
182
182



Contents

Chapter 7

W

W

2.5 Lipofection

2.6 Polybrene-DMSO Treatment

2.7 Microinjection

2.8 Scrapefection

Requirements for Gene Expression

The DNA Component

4.1 Use of Vectors

4.2 Plasmid-based Vectors

4.3 Virus-based Vectors

4.4 Adrenovirus Vectors

4.5 Retrovirus Vectors

4.6 Poxviral Vectors

4.7 Baculovirus Vectors

Some Considerations in Choice of Cell-line

Transient versus Stable Expression

6.1 Selection by Host Cell Defect
Complementation

6.2 Dominant Selective Techniques

6.3 Amplifiable Selection Systems

Plant Biotechnology
Michael G.K. Jones

1
2

(9]

Introduction

Applications of Molecular Biology to Speed up
the Processes of Crop Improvement

2.1 Molecular Maps of Crop Plants

2.2 Molecular Markers

2.3 Types of Molecular Markers

2.4 Marker-assisted Selection

2.5 Examples of Marker-assisted Selection
2.6 Molecular Diagnostics

2.7 DNA Fingerprinting, Variety Identification
2.8 DNA Microarrays

2.9 Bioinformatics

Transgenic Technologies

3.1 Agrobacterium-mediated Transformation
3.2 Selectable Marker and Reporter Genes
3.3 Particle Bombardment

Applications of Transgenic Technologies
Engineering Crop Resistance to Herbicides
Engineering Resistance to Pests and Diseases
6.1 Insect Resistance

Xi

183
184
184
185
185
189
189
189
191
191
192
193
195
196
197

198
198
200

203

203

203
204
205
205
206
208
208
209
210
210
211
211
211
212
213
215
215
215



Xii

Chapter 8

oo

10

11

12
13
14
15

Contents

6.2 Engineered Resistance to Plant Viruses 217
6.3 Resistance to Fungal Pathogens 219
6.4 Natural Resistance Genes 220
6.5 Engineering Resistance to Fungal Pathogens 222
6.6 Resistance to Bacterial Pathogens 223
6.7 Resistance to Nematode Pathogens 224
Manipulating Male Sterility 225
Tolerance to Abiotic Stresses 225
Manipulating Quality 226
9.1 Prolonging Shelf Life 227
9.2 Nutritional and Technological Properties 227
9.2.1 Proteins 227
9.2.2 Oils 228
9.2.3 Manipulation of Starch 229
9.2.4 Fructans 230
9.3 Manipulation of Metabolic Partitioning 230
Production of Plant Polymers and Biodegradable
Plastics 231
Plants as Bioreactors: Biopharming and
Neutraceuticals 232
11.1 Edible Vaccines 232
11.2 Production of Antibodies in Plants 233
11.3 Plant Neutraceuticals 233
Plant Biotechnology in Forestry 233
Intellectual Property 234
Public Acceptance 235
Future Prospects 236

Molecular, Structural and Chemical Biology in
Pharmaceutical Research 237
Tomi K. Sawyer

1
2

3

W

Introduction 237
Molecular Biology of Disease and in vivo

Transgenic Models 238
Genomic Protein Targets and Recombinant
Therapeutics 241
Structural Biology and Rational Drug Design 247
Chemical Biology and Molecular Diversity 252
Gene Therapy and DNA/RNA-Targeted

Therapeutics 257
Future Prospects in Pharmaceutical Research 259

Conclusions 260



Contents

Chapter 9 Genetically Modified Foods

Rosa K. Pawsey

1 Introduction

2 Legal Requirements in the Production of Novel
Foods and Processes
Food Crops
Food Animals
Current Trends in Manufactured Foods
Consumer Acceptance and Market Forces

AN L AW

Chapter 10 Molecular Diagnosis of Inherited Disease
Elizabeth Green
1 Introduction
2 Direct Detection of Gene Mutations
2.1 Detection of Deletions, Duplications and
Insertions
2.2 Expansion Mutations
2.3 Point Mutations
2.3.1 Allele-specific Oligonucleotides
2.3.2 Restriction Enzyme Site Analysis
2.3.3 ‘ARMY’
2.3.4 Oligonucleotide Ligation
2.3.5 Fluorescently Labelled DNA
Sequencing
3 Indirect Diagnosis with Linked Genetic Markers
4 Future Prospects

Chapter 11 DNA in Forensic Science
Paul Debenham and Peter D. Martin
1 Introduction
2 MLP and SLP Technology
2.1 MLP/SLP Methods

Xiii
261
261

262
265
271
272
276

279

279
280

281
283
285
285
286
287
289

290
291
292

295

295
296
299

2.1.1 Extraction and Purification of the DNA 299

2.1.2 Quantitation
2.1.3 Restriction Endonuclease Digestion of
DNA
2.1.4 Electrophoretic Separation
2.1.5 Hybridization
2.2 Analysis of Results
3 PCR Technology
3.1 The First PCR-based Forensic System

300

300
301
301
302
302
304



X1V

O 00 3 O\ Wn

Contents

Short Tandem Repeats

4.1 Method
4.1.1 Extraction of DNA
4.1.2 Quantitation of DNA
4.1.3 Amplification of DNA
4.1.4 Separation of Products

Databases

Interpretation of the Results

Mitochondrial DNA

Y Chromosome Analysis

The Future

9.1 Capillary Electrophoresis

9.2 DNA Chip Technology

Chapter 12 Vaccination and Gene Manipulation
Michael Mackett

1

Infectious Disease — The Scale of the Problem

2 Current Vaccination Strategies

2.1 Inactivated Vaccines
2.2 Live Attenuated Vaccines
2.3 The Relative Merits of Live versus Killed
Vaccines
The Role of Genetic Engineering in Vaccine
Identification, Analysis and Production
3.1 Identification and Cloning of Antigens with
Vaccine Potential
3.1.1 DNA/Oligonucleotide Hybridization
3.1.2 Hybrid Selection and Cell-free
Translation
3.1.3 Expression Cloning
3.1.4 Genomic Sequencing
3.2 Analysis of Vaccine Antigens
3.2.1 B-cell Epitopes
3.2.2 T-cell Epitopes
3.3 Generation of Subunit Vaccines
3.3.1 Expression of Potential Vaccine
Antigens
Improvement and Generation of New Live
Attenuated Vaccines
4.1 Improving Current Live Attenuated Vaccines
4.1.1 New Vaccines for Pseudorabies Virus

304
305
305
307
307
307
308
310
311
313
313
313
314

317

317
319
319
321

321
323

323
324

324
325
326
327
329
329
330

330
333

333
333



