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Preface

Had one been asked twenty years ago to select the most theoretical
and least applied area of the biological sciences, there is no doubt that
molecular biology would have been near the top of most people’s list.
Yet today this same area is at the centre of an unparalleled expansion
of industrial biology, for out of those earlier theoretical studies has
come genetic engineering, and with it the ability to manipulate organ-
isms to produce large quantities of products previously only obtain-
able by expensive and difficult routes. So dramatic has been the
increase in possibilities that a new term, ‘biotechnology’, has been
introduced.

It should never be forgotten, however, that although biotechnology
may be a new term, there is a long history of the use of biological pro-
cesses in the manufacture of products, ranging from the ancient pro-
cess of alcohol fermentation to the somewhat more recent production
of antibiotics. Biotechnology could thus be thought of as the tradi-
tional fields such as industrial microbiology and process biochemistry
united under a new name. But it is undoubtedly the vast increase in
potential arising from the developments of molecular biology that has
been responsible for the public recognition that biotechnology now
enjoys. Scientific workers from fields well outside the traditional fields
of biology have seen the importance of these developments and the
need to become involved in the area. It is in this context that the
Royal Society of Chemistry organized the residential courses at Hatfield
Polytechnic in July 1985 and July 1987 which form the basis of this
book.

It is very much our belief that the importance of the long-standing
fields of industrial biology should not be lost in the excitement of the
recent developments. It is one thing to manipulate a micro-organism
into producing an exotic product, and quite another thing to produce
it commercially. For this reason we have included in this volume
subjects such as fermentation technology, enzyme technology, and
downstream processing as well as the methodology of genetic
engineering, and in discussions of the new genetics we have concen-
trated on those aspects relevant to industrial processes. Since the
publication of the first edition of this book, there has been a rapid
increase in interest in moving beyond bacteria as hosts for industrial
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processes, and the increased coverage of cloning in yeasts, animal
cells, and plant genetic engineering is a reflection of this.

Many of the chapters in this book relate directly to applications of
the new technology. These include discussions on its impact on
medical care and on the pharmaceutical industry, on production of
chemicals, on monoclonal antibodies, and on the food industry. The
exciting field of biosensors is reviewed as is the development of
enzyme engineering with its promise of genuinely new protein
products.

The RSC course was aimed not at expert biotechnologists but at
scientific workers whose experience was in entirely different fields.
The contributions in this book should thus be seen as primarily
having a teaching function. The book should prove of interest both to
undergraduates studying for biological or chemical qualifications and
to scientific workers from other fields who need a basic introduction
to this rapidly expanding area.

J- M. Walker
E. B. Gingold



Contributors

D. J. Anderton, Cambridge Life Sciences plc, Cambridge Science Park, Milton
Road, Cambridge CB4 4GN, UK.

T. Atkinson, PHLS Centre for Applied Microbiology and Research, Porton
Down, Salisbury, Wiltshire SP4 0]G, UK.

~ D. J. Best, Biotechnology Centre, Cranfield Institute of Technology, Cranfield,
Bedfordshire MK43 OAL, UK.

D. J. Cox, Department of Biotechnology, South Bank Polytechnic, Borough
Road, London SE1 0AA, UK.

E. B. Gingold, The Hatfield Polytechnic Biotechnology Unit, The Halfield Poly-
technic, Halfield, Hertfordshire AL10 9AB, UK.

M. Gronow, Cambridge Life Sciences plc, Cambridge Science Park, Milton
Road, Cambridge CB4 4GN, UK.

P. M. Hammond, PHLS Centre for Applied Microbiology and Research, Porton
Down, Salisbury, Wiltshire SP4 0]G, UK.

S. Harford, Department of Fermentation Development, Glaxochem Limited,
Ulverston, Cumbria LA12 9DR, UK.

M. G. K. Jones, Biochemistry Department, AFRC Institute of Arable Crops
Research, Rothamsted Experimental Station, Harpenden, Hertfordshire AL5 2]Q),
UK

K. Lindsey, Biochemistry Department, AFRC Institute of Arable Crops
Research, Rothamsted Experimental Station, Harpenden, Hertfordshire AL5 2]Q,
UK.

C. G. P. Mathew, Institute for Cancer Research, Haddow Laboratories, Clifton
Avenue, Sutton, Surrey SM2 5PX, UK.

W. H. Mullen, Cambridge Life Sciences plc, Cambridge Science Park, Milton
Road, Cambridge CB4 4GN, UK.

E. J. Murray, National Institute for Medical Research, The Ridgeway, Mill Hill,
London NW7 1AA, UK.

R. K. Pawsey, Department of Biotechnology, South Bank Polytechnic, Borough
Road, London SE1 0AA, UK. :
A. Rosevear, Biotechnology Group, The Harwell Laboratory, Didcot, Oxford-
shire OX11 ORA, UK.

L. J. Russell, Cambridge Life Sciences plc, Cambridge Science Park, Milton
Road, Cambridge CB4 4GN, UK.

M. D. Scawen, PHLS Centre for Applied Microbiology and Research, Porton
Down, Salisbury, Wiltshire SP4 0JG, UK.



XX Contributors

R. F. Sherwood, PHLS Centre for Applied Microbiology and Research, Porton
Down, Salisbury, Wiltshire SP4 0]G, UK.

R. ]. Slater, The Haifield Polytechnic Biotechnology Unit, The Halfield Poly-
technic, Haifield, Hertfordshire AL10 9AB, UK.

R. E. Spier, Department of Microbiology, University of Surrey, Guildford,
Surrey GU2 5XH, UK.

P. F. Stanbury, The Halfield Polytechnic Biotechnology Unit, The Hatfield
Polytechnic, Hatfield, Hertfordshire AL10 9AB, UK.

M. D. Trevan, The Halfield Polytechnic Biotechnology Unit, The Hatfield Poly-
technic, Halfield, Hertfordshire AL10 9AB, UK.

J- M. Walker, The Haifield Polyiechnic Biotechnology Unit, The Hatfield Poly-
technic, Halfield, Hertfordshire AL10 9AB, UK.

M. Webb, Sandoz Institute for Medical Research, 5 Gower Place, London
WCIE 6BN, UK.

H. A. White, Department of Biochemistry, University College London, Gower
Street, London WCIE 6BT, UK.

D. H. Williamson, National Institute for Medical Research, The degeway,
Mill Hill, London NW7 1AA, UK.



Contents

Chapter 1 Fermentation Technology

P. 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

THE FERMENTATION PROCESS
4.1 The Mode of Operation of Fermentation Processes

THE GENETIC IMPROVEMENT OF PRODUCT
FORMATION

5.1 Mutation

5.2 Recombination

CONCLUSIONS

Chapter 2 An Introduction to Genetic Engineering

E. B. Gingold

1 INTRODUCTION

2 GENE CLONING - THE BASIC STEPS

3 CUTTING DNA - RESTRICTION ENZYMES
4 JOINING DNA MOLECULES

5 TRANSFORMATION

6 THE NATURE OF CLONING VECTORS

6.1 Plasmids
6.2 Phage Vectors

15
15
20

23

25

25
26
27
30
34

34
34



viii
7 CLONING ACTUAL GENES - THE PROBLEM

8 LABORATORY SYNTHESIZED GENES -
COMPLEMENTARY DNA

9 COLONY HYBRIDIZATION - OBTAINING THE
CHROMOSOMAL GENE

10 THE PROBE PROBLEM
11 A GENE IN A CLONE IS WORTH...

Chapter 3 The Expression of Foreign DNA in
Escherichia coli
R. J. Slater

1 INTRODUCTION

2 THE CONTROL OF GENE EXPRESSION
2.1 Prokaryotes
2.2 Eukaryotes

3 THE EXPRESSION OF EUKARYOTIC GENES IN
BACTERIA
3.1 Introns
3.2 Promoters
3.3 Ribosome Binding Site
3.4 Expression of Foreign DNA as Fusion Proteins
3.5 Expression of Native Proteins

DETECTING EXPRESSION OF FOREIGN GENES
MAXIMIZING EXPRESSION OF FOREIGN DNA
ALTERNATIVE HOST ORGANISMS

FUTURE PROSPECTS

8 FURTHER READING

g O G

Chapter 4 Yeast Cloning and Biotechnology
D. H. Williamson

1 TRANSFORMATION PROCEDURES
2 MODES OF TRANSFORMATION
3 INTEGRATIVE VECTORS AND THEIR USES

Contents

38

39

41
43
46

47

47

49
49
52

53
54

56
57
60

62
64
66
66
67

69

69
70
71



Contents

N O O

10
11

AUTONOMOUSLY REPLICATING VECTORS
CENTROMERIC PLASMIDS
AUTONOMOUSLY REPLICATING LINEAR PLASMIDS

GENE EXPRESSION - THE PRODUCTION OF A
PROTEIN ‘

7.1 General Features

7.2 Expression vectors

7.3 LacZ Gene Fusion Plasmids

PROBLEMS WITH HETEROLOGOUS GENE
EXPRESSION IN YEAST

SECRETION AND PROCESSING
WHY YEAST?
CONCLUSION

Chapter 5 Gene Cloning Techniques for

Mammalian Cells
E. ] Murray

INTRODUCTION

METHODS OF TRANSFECTIN

2.1 Ca?* Phosphate Co-precipitation
2.2 DEAE-Dextran

2.3 FElectroporation

2.4 Protoplast Fusion

2.5 Microinjection

3 REQUIREMENTS FOR GENE EXPRESSION
4 THE DNA COMPONENT

4.1 Use of Vectors

4.2 Plasmid-based Vectors
4.3 Virus Vectors

4.4 Adenoviral Vectors
4.5 Retrovirus Vectors
4.6 Pox Viral Vectors

5 SOME CONSIDERATIONS IN CHOICE OF CELL-LINE
6 TRANSIENT VERSUS STABLE EXPRESSION

6.1 Selection by Host Cell Defect Complementation
6.2 Dominant Selective Techniques

ix
76
78
79

79
79
80
81

83
84
84
85

87

87

89
89
90
91
92
93

93

95
95
96
97
98
98
99

101

102
102
102



X Contents

Chapter 6 Cloning in Mammalian Cells 105
R E. Spier
1 INTRODUCTION 105
2 FACTORS WHICH AFFECT SYSTEM PRODUCTIVITY 106
3 ANIMAL CELLS AS BIOLOGICAL SUBSTRATES
FOR MANUFACTURING PROCESSES 109
4 GENETICALLY ENGINEERED ANIMAL CELLS 109
4.1 Vector Systems 109
4.2 Selective Markers 110
4.3 Gene Transfer Methods 110
4.4 Recipient Cells 111
4.5 Positive Regulatory Sequences and Enhancers 111
5 NEW DEVELOPMENTS IN THE TECHNOLOGY
OF ANIMAL CELL SYSTEMS 112
6 CONCLUSION 115
7 SUGGESTED FURTHER READING 115
Chapter 7 Plant Biotechnology 117
M. G. K. Jones and K. Lindsey
1 INTRODUCTION 117
1.1 Plant Breeding, Practices and Prospects 117
1.2 Tissue Culture and Plant Manipulation 118
1.3 Applied Techniques for Maintenance of Genetic
Fidelity 120
2 MANIPULATIVE CULTURE TECHNIQUES 120
2.1 Regeneration from Callus and Somaclonal
Variation 120
2.2 Mutant Selection from Culture 121
2.3 Protoplast Fusion 122
2.4 Transformation 124
2.4.1 Transformation Using Agrobacteriumas a
Gene Vector 124
2.4.2 Direct Gene Transfer 126
2.5 Plant Cell Cultures for the Production of
Useful Chemicals 129
3 CROP MODIFICATION USING MOLECULAR
TECHNIQUES 131

3.1 Gene Identification and Isolation 132



Contents xi

3.2 Restriction Fragment Length Polymorphisms 134
3.3 Transposon and Insertional Mutagenesis 134
3.4 Manipulating Yield 135
3.5 Nitrogen Fixation 137
3.6 Improved Solute Uptake 139
3.7 Quality 139
3.8 Technological Quality 140
39 Resistance to Diseases and Pests 141
3.10 Virus Testing 143
3.11 Resistance to Herbicides 143
3.12 Stress Tolerance 144
3.13 Modification of Plant Development 144
4 FUTURE PROSPECTS 146

Chapter 8 Genetic Engineering and the

Pharmaceutical Industry 149

S. Harford
1 INTRODUCTION 149
2 IMPORTANT METHODOLOGY 150
2.1 Gene Cloning 150
2.2 DNA Sequencing 151
2.3 Site-directed Mutagenesis 152
2.4 Gene Expression 152
3 APPLICATIONS OF TECHNOLOGY 154
3.1 Fermentation Products 154
3.2 Protein Production 155
3.3 Study of New Drug Targets 156
3.4 Vaccine Development 157
4 THE FUTURE IN THE PHARMACEUTICAL SECTOR 158

Chapter 9 Biotechnology and the Food Industry 159
R. K. Pawsey and D. J. Cox

1 INTRODUCTION 159
1.1 Legal Aspects 162
1.1.1 Position in the UK 162

9 PRIMARY FEEDSTOCKS - THE RAW MATERIALS 163
9.1 The Green Revolution 163

2.2 Hybridization and Genetic Engineering 164



xii
2.3 Differentiation into Plants
2.4 Animal Growth and Breeding: Anabolic Steroids

2.4.1 Monitoring
2.5 Biotechnology and Agriculture

3 DEVELOPMENT OF NOVEL FOODS AND FOOD
INGREDIENTS
3.1 Single Cell Protein
3.2 Potential and Actual Products
3.2.1 Polysaccharides
3.2.2 New Low-calorie Sweeteners
3.2.3 ‘Naturally Produced’ Flavour Modifiers
3.2.4 Nutritional Improvements. Amino acids
3.2.5 Vitamins
3.2.6 Food Supplements
3.2.7 Food Colouring
3.2.8 Water-binding Agents

4 RAW MATERIAL CONVERSION
4.1 Fermented Foods and Microbial Starters
4.2 Enzymes
4.2.1 Immobilized Enzymes and Cells
4.2.2 Commercial Potential
4.2.3 Enzyme Encapsulation

5 MONITORING
5.1 Food Quality
5.1.1 Biosensors
5.1.2 Immunoassays
5.2 Detection of Genetically Engineered Cells

6 CONCLUSION

Chapter 10 Molecular Biology in Medicine
C. G. P. Mathew

1 A MOLECULAR BASIS FOR INHERITED DISEASE

2 DIAGNOSIS OF GENETIC DISORDERS
2.1 Restriction Enzyme Analysis
2.2 Synthetic Oligonucleotides
2.3 Restriction Enzyme Polymorphisms

3 MAPPING A GENETIC DISEASE
4 GENE THERAPY

Contents

165
166
167
167

168
168
170
171
171
172
172
173
173
173
174

174
175
178
179
180
184

185
185
185
188
192

192

195

195

197
197
197
199

200
202



Contents xiii

5 DNA FINGERPRINTS 203
6 CANCER GENES 204
7 RECOMBINANT VIRUS VACCINES 205
Chapter 11 Biocatalyst Stability 207
M. D. Trevan
1 INTRODUCTION 207
2 ENZYME STABILITY 213
3 ENZYME STABILIZATION 217
3.1 Selection and Genetic Engineering 217
3.2 Protein Engineering 218
3.3 Reaction Environment 218
3.4 Rebuilding 219
3.5 Chemical Modification 220
3.6 Intramolecular Cross-linking 222
3.7 Immobilization 223
4 STABILITY OF VIABLE CELLS 232
5 CONCLUSION 233
Chapter 12 Immobilized Biocatalysts 235
A. Rosevear
1 INTRODUCTION 235
2 IMMOBILIZATION 235
3 BIOCATALYSTS 237
3.1 Enzymes 237
3.2 Live Cells 237
3.3 Dead Cells 238
3.4 Choice of Biocatalyst 238
4 METHODS OF IMMOBILIZATION 239
4.1 Entrapment 239
4.1.1 Single Membranes 240
4.1.2 Three-dimensional Gels 242
4.2 Attachment 243
4.2.1 Adsorption 243

4.2.2 Covalent Binding 245



Xiv Contents

5 REACTORS 248
5.1 Tank Reactors 249
5.2 Continuously Fed Stirred Tank Reactors 250
5.3 Fluidized Beds 250
5.4 Packed Beds 250
5.5 Sheet Reactors 251
5.6 Membrane Reactors 251
5.7 Special Devices 251

6 PROBLEMS IN USING IMMOBILIZED
BIOCATALYSTS 251
6.1 Loss of Activity 251
6.2 Apparent Changes 252
6.3 Operational Demands 254

7 APPLICATIONS 255
7.1 Retention 256
7.2 Concentration 256
7.3 Control 257

8 CONCLUSION 257

Chapter 13 Applications of Biotechnology to

Chemical Production 259
D. ] Best
1 INTRODUCTION 259
2 CHARACTERIZATION OF BIOTECHNOLOGICAL
PROCESSES FOR CHEMICAL PRODUCTION 260
2.1 Reaction Sequence 260
2.2 Source of Raw Materials 263
2.3 Reaction Specificity 266
2.4 Reaction Conditions 267
2.5 Reaction Rate 271
2.6 Biocatalyst Stability 273
2.7 Alteration of Reaction Characteristics by
Alteration of Reaction Environment 277
2.8 Reactor Configuration 280
3 CURRENT APPLICATIONS OF BIOTECHNOLOGY
TO CHEMICAL PRODUCTION 282
4 FUTURE APPLICATIONS 291

5 CONCLUDING REMARKS 293



Contents

Chapter 14 Downstream Processing: Large-scale

Protein Purification
M. D. Scawen, T. Atkinson, P. M. Hammond,
and R. F. Sherwood

1 INTRODUCTION

2 CELL DISRUPTION
2.1 Enzymic Methods of Cell Disruption
2.2 Chemical Methods of Cell Lysis
2.2.1 Alkali
2.2.2 Detergents
2.3 Physical Methods of Cell Lysis
2.3.1 Osmotic Shock
2.3.2 Grinding with Abrasives
2.3.3 Solid Shear
2.3.4 Liquid Shear

3 INITIAL PURIFICATION
3.1 Debris Removal
3.2 Batch Centrifuges
3.3 Continuous-flow Centrifugation
3.4 Basket Centrifuges
3.5 Membrane Filtration

4 PRECIPITATION
4.1 Ammonium Sulphate
4.2 Organic Solvents
4.3 High Molecular Weight Polymers

5 CHROMATOGRAPHY

5.1
52
53
5.4
55
5.6
5.7
5.8
59

Scale-up

Method Selection

Selection of Matrix

Gel Filtration

Ion-exchange Chromatography

Affinity Chromatography

Hydrophobic Interaction Chromatography

High Performance Liquid Chromatography
Maintenance of Column Packing Materials

5.10 Equipment for Large-scale Chromatography
5.11 Control and Automation

6 AQUEOUS TWO-PHASE SEPARATION
7 ULTRAFILTRATION
8 FUTURE TRENDS

XV

295

295

297
297
297
297
297
298
298
298
299
299

300
300
301
301
302
302

303
303
303
304

304
304
306
306
310
311
312
314
315
316
317
319

319
320
321



xvi Contents

Chapter 15 Biosensors 323
M. Gronow, W. H. Mullen, L. ]. Russell,
and D. . Anderton
1 INTRODUCTION 323
2 IMMOBILIZATION - THE KEY TO BIOSENSOR
CONSTRUCTION 325
3 CONSTRUCTION OF BIOSENSOR DEVICES 326
4 BIOSENSOR DEVELOPMENT 327
5 BIOSENSOR DIVERSIFICATION 328
5.1 Redox-mediated Systems 329
5.2 FETs 330
5.8 Thermistors 332
5.4 Conductimeters 332
5.5 Piezoelectric Crystals 332
5.6 Optoelectronic Biosensors 333
6 VARIATIONS ON THE BIOLOGICAL/
BIOCHEMICAL COMPONENT 335
6.1 Bioaffinity Principles 335
6.2 Whole-cell Biosensors 338
7 PRACTICAL BIOSENSORS 341
8 APPLICATIONS AND USES OF BIOSENSORS 343
8.1 Clinical Chemistry, Medicine, and Health Care 343
8.2 Veterinary, Agriculture, and Food 344
8.3 Fermentation Industries, Pharmaceutical
Production 345
8.4 Environmental Control and Pollution
Monitoring 346
9 CONCLUSIONS 346
Chapter 16 Oligonucleotide Synthesis 349
H. A. White
1 INTRODUCTION 349
2 THE PROBLEM: GENERAL APPROACH TO
OLIGONUCLEOTIDE SYNTHESIS 350
2.1 5-OH Group Protection 351

2.2 Base Protection 353



