CONTENTS

Unit-l : Historical Development of Microbiology 19-29
1. History of Microbiology: 19
1.1 Spontaneous Generation vs. Biogenesis 19
1.2 Germ Theory of Disease and Koch’s postulates: 21
1.3 Important Contributions of Pioneers in Microbiology 2

1.3.1 Anton Von Leeuwenhoek (1632—1723) 2
1.3.2 Louis Pasteur (1822—1895) 2
1.3.3 Robert Koch (1843—-1910) 23
1.3.4 Joseph Lister (1827—-1912) 23
1.3.5 Edward Jenner (1749—-1823) 24
1.3.6 Alexander Fleming (1881-1955) 24
1.3.7 Martinus Beijerinck (1851-1931) 25
1.3.8 Sergei Winogradsky (1856—1953) 25
1.3.9 Elie Metchnikoff (1845-1916) 26
1.4 Scope and Applications of Microbiology 26

Unit-2 : Origin of Life and Groups of Microorganisms 30-57
2.1 Theories on the Origin of Life 30
2.2 Primitive Cells and the Evolution of Microorganisms 34

2.2.1 Evolution of the First Microorganisms 4

2.2.2 Evolution of Eukaryotes (Endosymbiotic Theory) 35
2.3 Different groups of Microorganism 36
2.4 Archaebacteria 39
2.5 Eubacteria Zi9)
2.6 Rickettsia 45
2.7 Chlamydiae 48
2.8 Actinomycetes 50
2.9 Mycoplasma 52
2.10 Spheroplasts 56

Unit-3 : Microscopy and Staining Techniques in Microbiology 58-T1
3.1 Principles of microscopy 58
3.2 Simple Microscope 58

3.3 Compound Microscope 60
3.4 Staining 62
3.5 Special Types of Differential Staining 64
3.5.1 Gram Staining 64
3.5.2 Acid-Fast Staining (Ziehl-Neelsen Staining) 66
3.5.3 Structural Staining 67

Unit-4 : Sterilization, Culture Media, and Microbial Preservation Techniques ................ 72-94
4.1 Types of Sterilization 72
4.2 Culture Media 74

4.3 Special Media Preparation 77



Unit-5 : Principles of Microbial Nutrition

Unit-6 : Viruses

Unit-7 : Bacteria

bVl

4.4 Cultivation of Aerobic and Anaerobic Bacteria
4.5 Pure Culture Techniques

4.6 Enrichment Culture Techniques

4.7 Cultural characteristics

4.8 Preservation of Microorganisms

5.1 Nutritional Groups of Microorganisms
5.2 Microbial Nutrition
5.3 Microbial Growth Phases and growth curves
5.4 Factors Affecting Microbial Growth
5.5 Microbial Metabolism
5.5.1 Catabolic or ATP generation pathways

5.5.2 Anabolic Pathways: Synthesis and Energy Consumption

6.1 Characteristics of Virus
6.2 Living and Non-living characters of virus
6.3 Baltimore Classification of Viruses
6.4 Structure of Virus
6.4.1 Structure of T-Phages
6.4.2 Structure of the Tobacco Mosaic Virus (TMV)
6.4.3 Structure of the Coronavirus (SARS-CoV-2)
6.5 Viral Replication: Lytic and Lysogenic Cycles
6.6. Methods of Isolation of Plant Viruses
6.7 Economic Importance of Viruses

6.7.1 Economic Importance of Viruses in Vaccine Production

6.7.2 Viruses in Medical Research
6.7.3 Viruses in Medicine
6.8. Mechanisms of Virus Dissemination:
6.9 Viral Diseases of Plants, Animals, and Humans
6.9.1 Viral Diseases in Plants
6.9.2 Viral Diseases in Animals
6.9.3 Viral Diseases in Humans
6.10 Viriods
6.11 Prions

7.1 General Characteristics of Bacteria
7.2 Cell and Cell Wall Structures of Bacteria
7.3 Inclusion Bodies in Bacteria
7.4 Bergey’s Classification of Bacteria
7.5 Nutritional Types of Bacteria
7.6 Bacterial Interactions
7.7 Reproduction of bacteria
7.8 Bacterial Recombination
7.9 Economic Importance of Bacteria
7.9.1 Role in Agriculture
7.9.2 Role in Industry (Fermentation and Medicine)
7.10 Study of Selected Bacteria

7
81
&
88
91

95-110
95

97

100
103
106
108
109

M-145
112
114
116
118
119
121
123
125
129
131
132
133
134
135
137
137
138
139
140
143

146-191
146
150
152
154
156
159
161
164
168
168
170
172



7.10.1 Streptomyces 172
7.10.2 Escherichia coli 174
7.10.3 Bacillus 177
7.10.4 Lactobacillus 180
7.10.5 Agrobacterium 183
7.10.6 Rhizobium 185
7.10.7 Pseudomonas 188
Unit-8 : Microbes in Ecosystems 192-226
8.1 Microorganisms in Soil 192
8.2 Microorganisms in Water (Water microflora) 195
8.3 Microorganisms in Extreme Environments 198
8.4 Microbial Bioremediation of Pollutants in Soil 200
8.4.1 Bioremediation of Oil Spills 201
8.4.2. Bioremediation of Heavy Metals 201

8.4.3 Bioremediation of Pesticides 202

8.5 Microbial Bioremediation of Pollutants in Water and Air 202
8.5.1 Biodegradation of Organic Pollutants in Water 203
8.5.2 Microbial Bioremediation of Air Pollutants 204

8.6 Role of Microbes in Sewage and Domestic Wastewater Treatment Systems 205
8.6.1 The Role of Microbes in Wastewater Treatment 205
8.6.2. Sewage and Domestic Wastewater Treatment Systems 206

8.7 Determination of BOD and COD of Water Samples 207
8.8 Microorganisms as Indicators of Water Quality 211
8.9 Tests for Coliforms 214
8.10 Control of Airborne Microorganisms 216
8.11 Microbes in the Biodegradation of Hydrocarbons 218
8.12 Biogas Production 21
8.13 Genetic Engineering for Various Purposes 223
Unit-9 : Food and Industrial Microbiology 227-265
9.1 Microbial Spoilage of Foods 227
9.2 Methods of Food Preservation 229
9.3 Food Poisoning 232
9.4 Pasteurization of Milk 235
9.5 Fermentation 236
9.5.1 Solid State Fermentation 237
9.5.2 Liquid state Fermentation (Submerged) 239

9.6 Fermenter and bioreactor 240
9.6.1 Batch Fermentation 241
9.6.2 Continuous Fermentation 242

9.7 Bioreactors 244
9.8 Microbial productions 247
9.8.1 Enzyme production 247

9.8.2 Ethanol Production 249

9.8.3 Penicillin Production 251

9.8.4 Streptomycin Production 252

9.8.5 Antibiotics and Their Mode of Action 253

9.9 Microbial Organic Acids Production 256



[xvil

9.9.1 Acetic Acid Production 256
9.9.2 Citric Acid Production 258

9.9.3 Lactic Acid Production 259

9.10 Microbial Production of Insulin 261
9.11 Single Cell Protein (SCP) Production 263
Unit-10 : Agricultural Microbiology 266-299
10.1 Role of Microorganism in Biogeochemical Cycles 266
10.1.1 The Nitrogen Cycle: 266
10.1.2 The Carbon Cycle 270
10.1.3 The Sulfur Cycle 274

10.2 Plant Growth Promoting Bacteria (PGPB) 276
10.3 Rhizosphere Microorganisms 279
10.4 Phyllosphere Microorganisms 282
10.5 Mycorrhiza — Types and Their Role in Agriculture and Horticulture 285
10.6 Role of Microorganisms in Humus Production 288
10.7 Bio Compost Production 290
10.8 Bio-fertilizer 292
10.9 Bio-Pesticides 295
10.10 Bio-Herbicides 296
10.11 Biostimulants — Enhancing Plant Growth and Stress Resistance 297
Unit-11 : Immunology 300-325
11.1. Introduction to Immunity 300
11.1.1 Types of Immunity 300
11.1.2 Immune Response 302

11.2 Antigens 303
11.2.1 Types of Antigens 303
11.2.2 Properties of Antigens 304
11.2.3 Role of Antigens in Immunity 305
11.2.4 Applications of Antigens 307

11.3 Antibodies 308
11.4 Antigen-Antibody Interactions 311
11.5 Organs and Tissues of the Immune System 313
11.6 Cells of the Immune System 315
11.7 Inflammation 317
11.8 Hypersensitivity 319
11.9 Autoimmunity and Immunodisorders 321
11.10 Concept of Rh Antigens 324
Unit-12 : Microbial Diseases 300-331
12.1 Infectious Diseases 326
12.1.1 Aspergillosis 326
12.1.2. Tuberculosis (TB) 327
12.1.3. Tetanus 327
12.1.4. Gonorrhea 328
12.1.5. Syphilis 328
12.1.6. Leprosy 329

12.2 Probiotics 329



[xvii

12.2.1. Definition and Characteristics of Probiotics 329
12.2.2. Mechanisms of Action 330
12.2.3. Health Benefits of Probiotics 330
12.2.4. Sources of Probiotics 331
12.2.5. Safety and Considerations 331
Unit-13 : Phytopathology 300-378
13.1. Definition of Plant Disease 332
13.2. History of Plant Pathology 332
13.3 Common Symptoms of Plant Diseases 333
13.4 Geographical Distribution of Plant Diseases 336
13.5 Etiology of Plant Disease 338
13.6 Concept of Plant Disease Cycle 341
13.7 Stages of infection 343
13.8 Mechanisms of Virulence, Quorum Sensing, Epidemics, and
Defense Mechanisms in Plant Disease 346
13.9 Prevention and Control of Plant Diseases 349
13.10 Role of Quarantine in Plant Disease Control 351
13.11 Aflatoxin and Phytoalexin 354

13.12 Important Plant Diseases 356



