Contents

1. Introduction

1.1 Definition of Extreme Environments 1
1.2 History of Alkalophilic Microorganisms 1
1.3 New Age for Alkalophilic Microorganisms 2

2. Isolation and Classification of Alkalophilic Microorganisms
2.1 Isolation of Alkalophilic Microorganisms 5

2.1.1 Distribution and Properties of Alkalophilic Microorganisms 6

2.1.2 Isolation Procedures for Industrial Applications 8

2.2 Classification of Alkalophilic Microorganisms 10
2.2.1 Gram-positive Bacteria 10

2.2.2 Gram-negative Bacteria 21

2.2.3 Yeasts 23

. Physiology

Growth Conditions for Alkalophilic Microorganisms 25
1 Hydrogen Ion 25

2 Sodium Ion 31

.3 Temperature and Nutrition 36

4 Others 38

3.2 Cell Surface and Alkalophily 38

3.2.1 Cell Walls of Neutrophilic Bacteria 38

3.2.2 Polysaccharides and Peptides in the Cell Wall of Alkalophilic Bacillus
Strains 40

3.2.3 Lipids 46

3.3 Intracellular Enzymes of Alkalophilic Microorganisms 50
3.3.1 a-Galactosidases 50

3.3.2 p-Galactosidases 51

3.3.3 D-Xylose Isomerase 51

3.3.4 Dehydrogenases 52

3.3.5 Restriction Enzymes 55



xii  CONTENTS

3.3.6 RNA Polymerases 56
3.3.7 Protein Synthesizing System 57

3.4 Bioenergetics 59

3.4.1 Intracellular pH 59

3.4.2 Active Transport 64

3.4.3 ATP and ATP Synthesis 74
3.4.4 Respiration 77

3.5 Polyamines and Polyamine Oxidases 79
3.5.1 Polyamines 79
3.5.2 Polyamine Oxidases 80

4. Alkalophilic Microorganisms as DNA Sources

4.1 Secretion Vectors 83

4.1.1 Cell Surface of Bacteria 83

4.1.2 Changing E. coli to Become Permeable 84
4.1.3 Activation of kil Gene 86

4.1.4 Materials Used 86

4.1.5 Construction of pEAP1 and pEAP2 87

4.1.6 Secretion of Enzymes 88

4.1.7 Role of kil Gene 89

4.1.8 Construction of an Excretion Vector pEAP37 91
4.1.9 Extracellular Production of Enzymes from E. coli 92
4.1.10 Distribution of the Gene Products in E. coli 93

4.1.11  Extracellular Production of Human Growth Hormone (hGH) 93
4.1.12 Production of Fc Fragment in the Culture Broth 96

4.2 A Conditionally Regulated DNA Fragment from Alkalophilic Bacillus
Strain 96

4.2.1 Media and Strains Used 98
4.2.2 Preparation of DNA and Construction of Recombinant Plasmids 99

4.3 DNA Fragments Controlled by Temperature, pH or NaCl Concentration in
pGR71 CAT Expression 101

4.4 Leucine Genes of Alkalophilic Bacillus Strains 102
4.4.1  Cloning of Leucine Gene of Bacillus sp. No. 221 102

4.4.2 Cloning of §-Isopropylmalate Dehydrogenase Gene from Alkalophilic Baciflus *
sp. No. 38-2 104

4.5 Plasmids 104

4.6 Host-vector Systems 105
4.6.1 Bacterial Strain, Media and Plasmid 106



Contents

4.6.2 Transformation Procedure 107
5. Genes and Gene Manipulation
5.1 Starch Degrading Enzymes 109
5.1.1 Amylases 111

5.1.2 CGTases 114

5.1.3 Gg-forming Enzyme 129

5.2 Cellulases of Alkalophilic Bacillus Strains 135

5.2.1 Cellulases of Bacillus sp. No. N-4 136

5.2.2 A Cellulase from Alkalophilic Bacillus sp. No. 1139 145
5.2.3 Evolution of the Cellulases in Bacillus Species 150

5.3 Xylanases of Alkalophilic Microorganisms 152
5.3.1 Xylanases of Alkalophilic Bactllus sp. No. C-125 153
5.3.2 Xylanases of an Alkalophilic Aeromonas sp. 161

5.4 Mannan-degrading Enzymes 164
5.4.1 Isolation and Properties of Mannan-degrading Microorganisms 164
5.4.2 Molecular Cloning of Mannan-degrading Enzymes 169

5.5 Thermostable 8-1,3-Glucanase 173

5.5.1 Molecular Cloning of 8-1,3-Glucanase Genes of Alkalophilic Bacillus sp.
No. AG-430 173

5.5.2 Properties of Plasmid-borne $8-1,3-Glucanases Produced in E. coli 174

5.5.3 Nucleotide Sequences of pNAG242f 174

5.6 B-Lactamase 176

xiil

5.6.1 Isolation of an Alkalophilic Bactllus Strain Producing 8-Lactamase 176

5.6.2 Purification of §-Lactamases 177
5.6.3 Cloning of 8-Lactamase Genes 179

5.7 Cloning of Alkaline Elastase of Alkalophilic Bacillus sp. No. YaB 183
5.7.1 Isolation of the Alkaline Elastase Gene 183
5.7.2 Amino Acid Sequence and Comparative Studies 183

6. Industrial Applications

6.1 Alkaline Proteases 187

6.1.1 Alkaline Protease of Alkalophilic Bacillus Strains 187
6.1.2 Elastase 191

6.1.3 Detergent Additives 193

6.1.4 Dehairing 194

6.2 CGTases and Cyclodextrin Production 194



xiv  CONTENTS

6.2.1 Analysis of CDs 195

6.2.2 Isolation and Properties of CGTases 197

6.2.3 Production of CDs 199

6.2.4 CD Production by Immobilized CGTase 200
6.2.5 Properties of Crystalline CDs and the Filtrate 203
6.2.6 Uses of CD and CH 206

6.3 Cellulases as Laundry Detergent Additives 207
6.3.1 Rediscovery of Alkaline Cellulases as Laundry Detergent Additives 208
6.3.2 Mechanism of Detergency 211

6.4 Xylanases 211

6.4.1 Xylanases of Mesophilic Alkalophilic Bacillus Strains 212
6.4.2 Xylanases from Alkalophilic Thermophilic Bacillus Strains 214
6.4.3 Biological Degradation of Rayon Waste 218

6.5 a-Glucosidases 218
6.6 Alkaline Phosphatase 221

6.7 B-1,3-Glucanases 222
6.7.1 B-1,3-Glucanase as a Lytic Enzyme 222
6.7.2 f-1,3-Glucanase of Alkalophilic Bacillus Strains 223

6.7.3 Isolation of a Strain Producing a Thermostable $-1,3-Glucanase 226
6.7.4 Properties of the Enzyme 226

6.8 Lipases 228
6.8.1  Achromobacter Lipase 228
6.8.2 Pseudomonas Lipase 229

6.9 Pectinases 230

6.9.1 Bacillus sp. No. P-4-N Polygalacturonase 231
6.9.2  Bacillus sp. No. RK9 Polygalacturonate Lyase 232
6.9.3 Production of Japanese Paper 233

6.9.4 Treatment of Pectic Wastewater with an Alkalophilic Bacillus Strain 234
6.10 Pullulanase 235

6.11 Catalase 237

6.12 Indigo Fermentation 239

6.13  Starch-degrading Enzymes Produced by Psychrophilic Alkalophiles 241

6.14 Biological Degradation of Lignin 242

6.15 Antibiotics 243



Contents XV

6.15.1 Compounds Produced by Paectlomyces lilacinus 243
6.15.2 Production of Phenazine Antibiotics by Nocardiopsis Strain 243

References 247
Index 267



