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Preface to the Fourth
Revised Edition

We feel pleasure to revise the fourth edition of the book by incorporating some recent
information and three new chapters. Chapter 15 Viruses-I (General Character) is
thoroughly revised. Chapter 16 Viruses-II (Plant Viruses, Viroids, Satellites and

Virusoids), Chapter 17 Viruses-III (Animal Viruses and Prions) and Chapter 19 (Pharmaceutical
Microbiology) have been written as per syllabus or some Colleges/Universities where these
are being taught at UG/PG levels. It has become necessary to provide new materials to the
readers due to evolving fast knowledge in different areas of microbiology.

Hopefully, the fourth edition of the book shall meet the demand of the readers.

Helps and critical suggestions rendered by the students, colleagues and friends are gratefully
acknowledged. We appreciate the constant availability of comments from S. Chand &  Company.
Helps and suggestions received in multifarious ways from the management, editorial and DTP
team of S. Chand & Co. for betterment of the book are gratefully acknowledged.

Constructive suggestions for improvement of the book shall always be welcome.

AUTHORS

E-mail:

profrcdubey@gmail.com

maheshwaridk@gmail.com

Disclaimer : While the authors of this book have made every effort to avoid any mistake or omission and have used their
skill, expertise and knowledge to the best of their capacity to provide accurate and updated information. The authors and
S. Chand do not give any representation or warranty with respect to the accuracy or completeness of the contents of this
publication and are selling this publication on the condition and understanding that they shall not be made liable in any
manner whatsoever. S.Chand and the authors expressly disclaim all and any liability/responsibility to any person, whether
a purchaser or reader of this publication or not, in respect of anything and everything forming part of the contents of this
publication. S. Chand shall not be responsible for any errors, omissions or damages arising out of the use of the information
contained in this publication.
Further, the appearance of the personal name, location, place and incidence, if any; in the illustrations used herein is purely
coincidental and work of imagination. Thus the same should in no manner be termed as defamatory to any individual.
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Preface to the First Edition

Until recently, Microbiology has been a least concerned branch of biology. But
at present it has revolutionised the field of biology throughout the world. Needless
to say that the highest number of Nobel prize awardee are from microbiology.

This book contains 30 chapters covering a wide range of areas such as general
microbiology, agriculture, medical, fermentation, food and dairy including the advanced
fields as well. A detailed account of defense mechanism, working of immune system and
antigen-antibody interactions have been given. Moreover, epidemiology, parasitism,
antimicrobial chemotherapy and important human diseases (protozoan, fungal, bacterial
and viral) are described in detail.

Ecology of microorganisms especially soil, water and air, and microbial interactions
has been discussed. The present need of the country is the enhanced crop production
and crop protection from pathogens and pests in field and storage conditions. These
aspects have also been covered. The knowledge of handling the instruments is very
necessary for the graduate and post-graduate students of microbiology. Therefore, for the
interest of students a separate chapter has been written on Instrumentations in Microbi-
ology.

The authors have received help, encouragement and suggestions from their well-
wishers, colleagues and friends throughout India and abroad while compiling this book.
We gratefully acknowledge the helps and suggestions accorded by Dr. H. Uchiyama,
N.I.E.S., Ibaraki, Japan  for a SEM photograph of Methylocystis sp. strain ML, Prof. Y.
Nishimura (Japan), Prof. Ajit Verma (JNU, New Delhi), Dr. Y.D. Gaur and Dr. S.K. Goel
(IARI) , Prof. Subhash Chand (IIT, New Delhi), Prof. T. Satyanarayan (South Campus,
Delhi), Dr. D.S. Arora (Amritsar), Prof. J.K. Gupta (Chandigarh), Dr. Swaranjit Singh
(IMTECH, Chandigarh), Prof. B.S. Kundu (Kurukshetra), Dr. Geeta Sumbali (Jammu), Prof.
S.K. Mahana (Ajmer), Prof. H.C. Dube (Bhavnagar), Dr. P.C. Trivedi (Jaipur), Prof. Shashi
Chauhan (Gwalior), Prof. P.S. Bisen (Bhopal), Prof. R.C. Rajak (Jabalpur), Prof. S.C.
Agrawal (Sagar), Prof. R.D. Khulbe and Dr. S.C. Sati (Nainital), Prof. K.N. Pandey and
Dr. R.C. Gupta (Almora), Prof. B.N. Johri (Pantnagar), Prof. S.K. Garg and Dr. Rajeev Gaur
(Faizabad), Dr. A.P. Garg (Meerut), Dr. R.K.S. Kushwaha (Kanpur), Prof. H.N. Verma
(Lucknow), Prof. Sudhir Chandra (Allahabad), Prof. Bharat Rai (BHU, Varanasi), Prof. J.S.
Singh (BHU), Dr. N.N. Tripathi (Gorakhpur), Dr. D.B. Singh (Sonbhadra), Prof. R.S.
Bilgrami (Muzaffarpur), Prof. K.B. Mishra (Patna), Prof. R.P. Purkayastha (Calcutta), Prof.
R.R. Mishra (Shillong), Dr. M.S. Singh and Dr. R.R. Pandey (Manipur), Prof. R.K.S.
Chauhan (Ujjain), Prof. B.P. Kapadnis (Pune), Prof. C. Manoharachary (Hyderabad), Prof.
C. Laxminarsinhan (Thanjavur), Dr. R. Saravanamuthu (Mayiladuthurai).

We thank our colleagues Dr. G.P. Gupta and Dr. Navneet for helps and critical
suggestions time to time. Assistance rendered by our research scholars Messrs V.K. Sharma,
Roshan Lal,Vineet Kumar, Chandra Prakash, Navin K. Arora and Promen Sharma
is gratefully acknowledged. Our sincere thanks are also due to our publisher Mr. R.K.
Gupta of S. Chand & Co. Ltd., for timely bringing out the book.

We shall welcome the constructive suggestion, if any, from the readers.

AUTHORS
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CHAPTER 1 :  Introduction ...1–25

History of microbiology; Microbiology in India; Application of
microbiology:  Food and industry; Microbes in genetic engineering
and biotechnology; Microbes in environmental microbiology (microbes
in biogeochemical cycles); Microbes in pollution microbiology;
Microbes in medical microbiology; Microbes in agriculture; Microbes
in bio-terrorism; Computer applications; Basic concepts of intellectual
property rights (IPR)- Definition of IPR, function, forms of protection
(patents, composition of patents-trademark, copyrights, design,
know-how), patenting of biological discoveries, Importance in Indian
scenario, Biopiracy.

CHAPTER 2 : Classification of Microorganisms ...26–58

Microbial diversity; Revealing microbial diversity; The concept of
microbial species.  Significance of study of Microorganisms, Microbial
evolution; Classification of microorganisms; five kingdom classification;
eight kingdom classification, three domain classification; What is
microbial taxonomy?; General methods of classifying bacteria; Genetic
relatedness (DNA-DNA hybridization, 16S rRNA sequencing,
classification and identification of bacteria); Bacterial nomenclature;
Modern trends of bacterial taxonomy; Ribosomal RNA and its
sequencing, Construction of phylogenetic tree; Bergey’s system of
bacterial classification; General features and classification of some
groups of microorganisms–Rickettisae; Mycoplasma; Algae;
Archaeobacteria; Actinomycetes; Fungi; Protozoa.

CHAPTER 3 :  Methods in Microbiology ...59–78

Isolation and culture of microorganisms- Mixed Cultures; Physical
Methods-(Heat treatment, Incubation, Temperature, pH; Cell size and
Motility, Requirement of gases); Chemical methods; Biological
methods (Natural selection); Methods of isolation and maintenance of
pure culture – Use of Micromanipulator;  Isolation by exposure to
air; Isolation by streaking or streak plate technique;  Isolation by
inoculating in animals; Isolation by using selective or enrichment
media; Other methods; Methods for culturing anaerobes – Use of
Gaspak for preparing anaerobic jar;  Culture Characteristics – Colony
appearance,  Colony forms, Colony elevation, Colony margins,
Optical density, Colony colour, Colony Odour, Colony consistency.
Microbial growth: Growth curve of bacteria – Measurement of growth
(Mass and volume measurement, Cell number, Indirect methods),
Parameters of growth, Growth in a batch culture. Synchronous
growth, Diauxic growth Culture Media: Characteristics of a medium,
Types of media,  Preparation of Media. Minimal requirements,
Nutritional types of microorganisms.

C O N T E N T SC O N T E N T SC O N T E N T SC O N T E N T SC O N T E N T S
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CHAPTER 4 : The Microbial Cells: Morphology and
  Fine Structure ...79–125

Morphology of microbial cells – Size and Shape; Arrangements .
Structure of Bacterial  cells – Capsule, Flagella (Structure of flagella;
Locomotion – Flagellar, Spirochaetial, Gliding), Fimbrae or pili
( classes, structure and function of pili); Chemotaxis (demonstration,
chemotactic behaviour, molecular mechanism); The cell wall –
Chemical composition and characteristics of cell wall (Gram-positive
bacteria; Archaeobacteria; Gram-negative bacteria- lipoproteins,
Lipopolysaccharides, Polysaccharides, Matrix proteins), Function of
cell wall; A typical cell wall; Plasma membrane:  (fluid mosaic model,
function of cell wall); Mesosomes; Cytoplasm : Ribosomes – subunits
and chemical composition; molecular chaperones; Nucleoids; Plasmids
– types of plasmids; Cytoplasmic inclusions, (volutin granules,
polysaccharide granules, lipid granules, glycogen, carboxysomes,
sulfur granules, magnetosomes, gas vesicles, chlorobium vesicles, gas
vacuoles), Spores and cysts. Cell Structure of cyanobacteria – Sheath,
Cell wall, Plasma membrane, Cytoplasm – gas vesicles, chromoplasm
Cytoplasmic inclusions (Cyanophycin, gas vacuoles, carboxysomes,
phosphate bodies, phycobilisomes DNA, matrix); Specialised structure
of cyanobacteria – hormogones, endospores ; akinetes, heterocysts.
Structure of fungal cell – The cell wall, Plasma membrane, cytoplasm-
endoplasmic reticulum, mitochondria, Golgi bodies, vacuoles;  Septum;
Cytoplasmic inclusions; Nucleus.

CHAPTER 5 : The Nucleic Acids: DNA and RNA ...126–161

Nature of DNA – Chemical composition (5C sugar, nitrogenous base);
Nucleosides, nucleotides and polynucleotide Chargaff’s rule, X-ray
crystallographic study of DNA, Considerations of Watson and Crick
in construction of a double helix of DNA model; Watson and Crick’s
model of DNA; Different forms of DNA (B DNA, A DNA, C DNA,
D DNA, Z DNA; Single stranded DNA, Circular and superhelical
DNA) Organization of DNA in eukaryotic cell;  Palindromic DNA,
Structure of RNA –Types of RNA : rRNA; mRNA (the 5’ cap, non-
coding region, initiation codon, coding region, termination codon;
Poly (A) region); Differences between prokaryotic and eukaryotic
mRNA; tRNA (structure of tRNA : clover leaf model). Replication
of DNA : Watson and Crick’s model of DNA replication. Experimental
evidence; Enzymes involved in DNA replication (DNA Polymerase
I, Pol II, Pol III; DNA ligase); Mechanism of DNA replication;
Models of DNA replication (Cairns model, rolling circle model,
replication in eukayotic chromosome); Nucleic acids as genetic
material (evidences from bacteria, bacteriophages, bacterial conjugation,
RNA viruses).

CHAPTER 6 : Gene : Concepts and Synthesis ...162–179

Gene Concept – Units of a gene ; Cistron, Recon, Muton;  Gene
Diversity;  Split genes : RNA splicing, Ribozyme, Evolution of split
genes;  Overlapping genes. Artificial synthesis of the gene – Synthesis
of gene for yeast alanine  Synthesis of oligonucleotides, Synthesis of
three duplex fragments; Synthesis of a gene from three duplex
fragments); Artificial synthesis  of gene for bacterial tyrosine tRNA;
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Artificial synthesis of human leucocyte interferon gene; Gene machine;
Gene synthesis by using mRNA; The PCR technology.

CHAPTER 7 : Genetic Code ...180–191

Cryptogram of DNA; Codon assignments: Codon assignment with
unknown sequences (use of homopolymers, use of copolymers);
Codon assignment with known sequences (codon assignment through
filter binding technique, use of copolymers of repeatitive sequences);
In vitro studies for codon assignment; Patterns of the genetic code;
Properties of the genetic code; The Wobble hypothesis; Genetic code
in mitochondria; Genetic code of overlapping genes; Genetic code of
split genes; Origin and evolution of genetic code

CHAPTER 8 : Microbial Genetics ...191–232

Mendel’s laws of inheritance; Genetic notations; Transfer of genetic
material in prokaryotes ; Transformation : Competence, mechanism
of transformation, transfection; Conjugation : Role of surface properties
in conjugation, The F- factor: The conjugal transfer process; Barriers
to conjugation; High frequency recombination (Hfr) strains; The order
of chromosome transfer and conjugation mapping, High resolution
mapping; Formation of F prime (F'); Transduction : Generalized
transduction;  Abortive transduction; Specialized transduction (LFT
lysates and HFT lysates). – Use of transduction in genetic mapping.
Genetic recombination - Mechanism of recombination; General
recombination (Holliday model); Gene conversion; Site specific
recombination; Transposable elements – Classes of transposable
elements;  Nomenclature of transposable elements; Insertion sequences
(IS elements); Transposons (composite-structure and complex
transposon- structure, mechanism of transposition, genetics of
transposition).

CHAPTER 9 : Mutation and Mutagenesis ...233–258

Spontaneous mutation; The random nature of mutation; Evidences for
spontaneous mutation; Mutation rates; The origin of spontaneous
mutation; Substitution; (transition, transversion); Spontaneous
deamination; Frameshift mutation; Induced mutation; Chemical
mutagens : Base analoques; Chemicals changing  the specificity of
H-bonding  (Nitrous oxide, Deamination of cytisine, guanine, Hydroxyl
amine); Alkylating agents; Intercalating agents; Radiation as mutagens
(Hit theory ; UV light;  X-rays); Expression of mutation; Reversion
(second site mutation);  Supression (Non-sense mutation; Missense
mutation;  Silent mutation; Frameshift mutation);  Detection of
mutation and isolation of mutants; Replica plating technique; Resistance
selection method; Substrate utilization method; Carcinonenicity test;
DNA repair systems- Mechanism of DNA repair; Excision repair
(base excision repair, nucleotide excision repair), Recombination
repair, Methylation- directed very short patch repair, SOS repair. Uses
of mutations – Determination of function, Demonstration of metabolic
pathways, Understanding of metabolic regulation, Matching a
biochemical intitity with a biological function, Locating the site of
action of external agents, production of useful products.
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CHAPTER 10 : Gene Expression and Regulation ...259–292
Gene Expression; Central dogma; RNA polymerase; RNA Pol I, II,
III Site of transcription Transcription: Chain initiation; chain
elongation; chain termination; RNA turn over; Post transcriptional
processing of RNAs; processing of rRNA (in prokaryotes and
eukaryotes), processing, of tRNA (in prokaryotes and eukaryotes),
processing of mRNA (the hnRNP, SnRNP, 5'-capping, polyadenylation,
splicing, pre-mRNA methylation). Translation – Charging of tRNA;
Initiation of polypeptide synthesis;  Elongation of polypeptide chain;
Translocation; Termination of polypeptide chain; Post translational
processing (removal of fmet from polypeptide; loss of signal sequences,
modification of individual amino acids, glycosylation, addition of
prosthetic group ribosome editing; protein folding); Signal hypothesis;
Protein synthesis in prokaryotes and eukaryotes; Inhibitors of protein
synthesis. Regulation of gene expression; The lac operon (the
structural, operator, promoter and repressor genes), catabolic control
of lac operon; Regulation of gene expression in eukaryotes, Regulation
through transcriptional factors-Britten-Davidson model for gene
regulation.

CHAPTER 11: Gene Cloning in Microorganisms :
   Genetic Engineering ...293–319

Concepts of gene cloning, History of recombinant DNA technology;
Strategies of genetic engineering; ; Formation of DNA fragments
(restriction enzymes, use of linkers, adaptors and homopolymer tails);
Splicing of DNA into vectors (DNA ligases, cloning vectors :
plasmids, bacteriophages, cosmids, phasmids and shuttle vectors);
Insertion of foreign DNA into vectors; Introduction of recombinant
vector into the bacterial cell (expression of cloned genes in E. coli);
Selection of clones (colony hybridization technique, plaque hybridization
technique, the Southern blotting technique). Gene cloning in eukaryotes;
Transformation of filamentous fungi; gene transfer through
Ti-plasmid; gene  machine; Gene bank. Application of gene technology;
Production of pharmaceuticals (recombinant human growth hormones:
insulin; recombinant vaccine : hepatitis B vaccine, vaccine for foot
and mouth disease viruses); Diagnosis of disease (DNA probe in
diagnosis, PCR in diagnosis); Insect pest control (bacterial pesticides:
transgenic plants, viral pesticides); Uses of genetically engineered
microorganisms in control of pollution (superbug).

CHAPTER 12 : Microbial Metabolism ...330–341
Metabolism – anabolism; Catabolism, ATP  (photophosphorylation,
oxidative photophosphorylation, substrate level photophosphorylation).
Metabolic pathways – glycolysis, Pentose phosphate pathway, Entener
Doudoroff pathway, TCA cycle, Gly-oxalate cycle. Enzymes –
mechanism of action, Enzyme kinetics - effects of pH and temperature
on enzyme action, Allosteric enzymes, - properties of enzymes,
mechanism of action (simple sequential model, concerted model).
Classification of enzymes.

CHAPTER 13 : Bacterial Photosynthesis ...342–356
History of photosynthetic eukaryotes; Classification of photosynthetic
bacteria : Anoxygenic photosynthetic bacteria, purple bacteria (purple
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sulphur bacteria, purple non-sulphur bacteria, green bacteria, green
sulphur bacteria, green non-sulphur bacteria). Heliobacteria; Oxygenic
photosynthetic bacteria. members of prochlorophyta; Unclassified
bacteria; Photosynthetic pigments – bacteroid chlorophylls; Carotenoids,
Bacteriorhodopsin, Phycobilins. Metabolism in photosynthetic bacteria;
Photosynthetic electron transport systems- purple bacteria, green
bacteria, heliobacteria; Mechanism of photosynthesis; Dark reaction
(Calvin-Banson cycle).

CHAPTER 14 : Nitrogen Fixation ...357–376
Symbiotic nitrogen fixing systems – root nodulating symbiotic bacteria
(process of root nodule formation – curling and deformation of root
hairs, formation of infection – threads and nodule formation,
development of nodule); Leghaemoglobin; Metabolism of nitrogen
fixation (free living and symbiotic   microorganisms). Genetics of
nitrogen fixing microorganisms; Bacterial nodulation genes and
regulation of nod gene expression; nif genes and their regulation.
Nitrogen fixation mechanisms; nitrogenase types – structure and
function; alternative nitrogenase; substrates for nitrogenase; electron
proteins; hydrogen evolution.

CHAPTER 15 : Viruses-I : General Characters ...377–400
History of virology; origin of viruses; Occurrence; Morphology of
viruses : Shape, Size, Structure – helical viruses (naked and enveloped
viruses), icosahedral (naked and enveloped) viruses, complex viruses;
Viral envelope; Nucleic acids; Proteins, Carbohydrates;   Classification
of viruses; LHT system, Casjens & Kings, classification; Baltimore
classification, ICTV, Dimmock et al. classification. Isolation and
cultivation of viruses (Cultivation of bacteriophages, cultivation of
cyanphages, cultivation of animal viruses, cultivation of plant viruses,
virus identification, viral multiplication).

CHAPTER 16 : Viruses-II : Plant Viruses and Sub-viral
Agents ...401–438

History of plant virology;  Plant viruses : Tobamovirus group  (TMV
- symptoms, viral structure, protein synthesis, transmission); Potex
virus group (Potato virus X – PVX); Potyvirus group (Potato virus
Y); Tymovirus group (Cuccumber mosaic virus); Tomato spotted wilt
virus; Cauliflower mosaic virus; Potato leaf roll virus; Rice tungro
virus; Mosaic disease of sugarcane, Transmission of plant viruses -
mechanical transmission, vegetative and graft transmission, pollen,
seed, nematode, fungal, insect vectors, dodder transmission; Effect
of viruses on plants (symptoms of virus infection); External symptoms
(mosaic, chlorosis, vein banding, ring spots, necrosis, leaf
abnormalities); Internal symptoms-histological and cytological
abnormalities; Serological tests for diagnosis of plant viruses, preparation
of viral antigens, histological test, agar gel double diffusion test, DAC-
ELISA, DAS-ELISA, I-DAS-ELISA, NASH using probes, Dot-
ELISA. Viroids – Host range, genome and origin of viroids. Satellites,
virusoids and satellites.
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