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Preface

I

am glad to present this book, especially designed to serve the needs of the

students. The book has been written keeping in mind the general weakness in
understanding the fundamental concepts of the topics. The book is self-explanatory and
adopts the “Teach Yourself” style. It is based on question-answer pattern. The language
of book is quite easy and understandable based on scientific approach.
Any further improvement in the contents of the book by making corrections,
omission and inclusion is keen to be achieved based on suggestions from the readers
for which the author shall be obliged.
I acknowledge special thanks to Mr. Rajeev Biyani, Chairman & Dr. Sanjay Biyani,
Director (Acad.) Biyani’s Group of Colleges, who are the backbones and main concept
provider and also have been constant source of motivation throughout this endeavour.
They played an active role in coordinating the various stages of this endeavour and
spearheaded the publishing work.
I look forward to receiving valuable suggestions from professors of various
educational institutions, other faculty members and students for improvement of the
quality of the book. The reader may feel free to send in their comments and suggestions
to the under mentioned address.
Author
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Syllabus
Section A
General introduction : Microbial diversity and taxonomy. Prokaryotes. Types of
Microorganisms.
Classification : Haeckel's three kingdom concept, Whitakers five kingdom concept . Bergey's
manual of determinative bacteriology, Basic Concept in Taxonomy
Characteristics and structure of microbes:Alage, fungi,mycoplasma, Viruses Protozoanes and
Helminthes
Section B
Bacteriology :Morphology and ultra structure of bacterio-morphological types, Cell WallArchaebacteria, gram negtive ,grma positive, Structure and function of cilis
chromosome,carboxysomes, plasmids, Bacterial spores, structure,formation and germination.
Diversity of bacterial nutriton: Autotrophics,heterorophic,bacterial genetics plasmids
nonconjugatives,metabolizable,resistance
Section C
Gene transfer in bacteria : Conjugation, transformation, transduction.
Growth microbial population : Batch culture of microbes, Simple continuous culture of
microbes,growth curve aerobic and anaerobic growth,effect of environment on microbial growth:
temperature,pH, radiation and atmosphere.
Enumeration of microbes:Cluture media, total cell count isolation,classification and
identification of microbes,bacteria-selective culture technique,fungi-culture techniques, virusplaque assays,animal culture,tissue culture.
Section D
Microbial Metabolism : Metabolic pthways and bioenergetics,production of secondery
metabolites and their application in industry microbial products.
Food Microbiology: Overall general idea, spoilage & preservation.
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by microorganisms, bio fertilisers, bio pesticide,pollution control through use of consortium of
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Section-A
Q.1
Ans

What do you mean by Microbiology? Discuss the contribution of some pioneer of
this field?
Microbiology (from Greek, mīkros, "small"; bios, "life"; and -logos, discourse ) is the
study of microscopic organisms, which are defined as any living organism that is either a
single cell (unicellular), a cell cluster, or has no cells at all (acellular).
OR
Microbiology, study of microorganisms, or microbes, a diverse group of minute, simple
life forms that include bacteria, archaea, algae, fungi, protozoa, and viruses. The field is
concerned with the structure, function, and classification of such organisms and with
ways of both exploiting and controlling their activities.
Historical Background

1.

Microbiology essentially began with the development of the microscope. Although others
may have seen microbes before him, it was Antonie van Leeuwenhoek (1670), a Dutch
draper whose hobby was lens grinding and making microscopes, who was the first to
provide proper documentation of his observations. He is commonly known as "the
Father of Microbiology" and considered to be the first microbiologist. He is best known
for his work on the improvement of the microscope and for his contributions towards the
establishment of microbiology. Using his handcrafted microscopes, he was the first to
observe and describe single-celled organisms, which he originally referred to
as animalcules, and which we now refer to as microorganisms. He was also the first to
record microscopic observations of muscle fibers, bacteria, spermatozoa, and blood flow
in capillaries (small blood vessels).
Van Leeuwenhoek's main discoveries are: the infusoria (protists in modern zoological
classification, in 1674) the bacteria (large Selenomonads from the human mouth in 1676),
the vacuole of the cell, the spermatozoa (1677) and the banded pattern of muscular fibers
(1682). Van Leeuwenhoek ground more than 500 optical lenses and created at least 25
microscopes of differing types of which nine survive and are capable of magnification up
to 275 times.
2. Louis Pasteur worked in the middle and late 1800s. He performed numerous experiments
to discover why wine and dairy products became sour and he found that bacteria were to
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3.

blame. Pasteur called attention to the importance of microorganisms in everyday life and
stirred scientists to think that if bacteria could make the wine ―sick,‖ then perhaps they
could cause human illness. He introduced techniques of sterilization and developed steam
sterilizer hot air oven and autoclave.
Pasteur (1857) postulated the germ theory of disease, which states that microorganisms
are the causes of infectious disease. Pasteur’s development of vaccine for hydrophobia
was the greatest breakthrough in medicine. He is remembered as a man who laid the
foundation of microbiology. He is also known as father of microbiology.
The German scientist Robert Koch provided the proof by cultivating anthrax bacteria
apart from any other type of organism. He then injected pure cultures of the bacilli into
mice and showed that the bacilli invariably caused anthrax. He was awarded the Nobel
Prize in Physiology or Medicine in 1905 for his tuberculosis findings.
These four basic criteria, called Koch’s postulates are:
1. A specific microorganism is always associated with a given disease.
2. The microorganism can be isolated from the diseased animal and grown in pure
culture in the laboratory.
3. The cultured microbe will cause disease when transferred to a healthy animal.
4. The same type of microorganism can be isolated from the newly infected animal.

Antonie van Leeuwenhoek

Louis Pasteur

Robert Koch
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Write the short note on characteristics of microbes?

Types of Microorganisms & their General Properties
Types
Description
Nutrition
Durable
type
state
brown, red, green, photosynthetic
photoauto--Algae:
diatoms,
aquatic
dinoflagellates,
eucaryotes, cell
euglenoids
walls, unicellular
and multicellular
eubacteria,
procaryotes,
chemohetero endospores
Bacteria:
archaeabacteria,
absorbers, wet
(some)
Gram-negative,
conditions,
photoheteroGram-positive,
animal
chemoautoacid fast,
decomposers, cell photoautocyanobacteria
walls, unicellular
yeasts (unicellular eucaryotes,
chemohetero spores
Fungi:
fungi), molds
absorbers, dry
(filamentous
conditions, plant
fungi)
decomposers, cell
walls, ~100
human pathogens
metazoan
chemohetero --Helminths: Flatworms
(platyhelminths), (multicellular
roundworms
animal) parasites,
(nematodes)
engulfers and
absorbers
eucaryotes,
chemohetero cysts
Protozoa: Unicellular and
slime molds,
parasites,
(some)
flagellates, ciliates engulfers and
absorbers, wet
conditions, no
cell wall, ~30
human pathogens
Enveloped, nonacellular, obligate not
virion
Viruses:
enveloped
intracellular
applicable
particles,
parasites
encased in
durable
state of
host
Organism
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some diseases
---

tetanus, botulism,
gonorrhea,
chlamydia,
tuberculosis, etc.,
etc., etc.
mycoses: candida,
ringworm, athlete's
foot, jock itch, etc.

tape worm,
trichinosis, hook
worm, etc.

malaria, giardiasis,
amoebic dysentery,
etc.

common cold, flu,
HIV, herpes,
chicken pox, etc.
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1.) Bacteria
All bacteria are unicellular prokaryotes, meaning they do not have a defined cellular nucleus.
Their genetic information is in their nucleoid - single, circular tightly- packed DNA molecule.
According to their shape, all bacteria are divided into three groups:
Spirilla (with a spiral body shape);
Cocci (with a spherical body shape);
Bacillus (with a rod (stick) shaped body).
Some types of bacteria live on their own and others form colonies. Some bacteria are quite
mobile and others 'stay put' for their whole life. Bacteria move using their cytoplasmic tail –
flagella or by secreting slimy substances that allow them to slide along surfaces.
The cell walls of most bacteria contain a polysaccharide called peptidoglycan. A difference in
their cell wall structure is a major feature used in classifying these organisms. The staining
abilities of bacteria are also based on their cell wall structure.

General Structure of Bacteria
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Based on their staining, bacteria can be classified as:Gram - positive
Gram - negative
Based on their response to gaseous oxygen, all bacteria can be divided into the following
groups:
Aerobic - living in the presence of oxygen
Anaerobic - living without oxygen
Facultative anaerobes - can live in both environments
Based on their obtain energy, bacteria are classified as:Autotrophs make their own food by using the energy of sunlight or chemical reactions, in
which case they are called chemoautotrophs.
Heterotrophs obtain their energy by consuming other organisms. Bacteria that use
decaying life forms as a source of energy are called saprophytes.

2.) Algae
Algae (singular alga, Latin for "seaweed") are a very large and diverse group of simple,
typically autotrophic organisms, ranging from unicellular to multicellular forms, such as the
giant kelps that grow to 65 meters in length. They are photosynthetic like plants but do not
have true roots, stems, leaves, vascular tissue and have simple reproductive structures and
"simple" because their tissues are not organized into the many distinct organs found in land
plants. The largest and most complex marine forms are called seaweeds.
Algae are photosynthetic organisms that occur in most habitats, ranging from marine and
freshwater to desert sands and from hot boiling springs to snow and ice. They exhibit a wide
range of reproductive strategies, from simple, asexual cell division to complex forms of
sexual reproduction.
Algae are important as primary producers of organic matter at the base of the food chain.
They also provide oxygen for other aquatic life. Algae may contribute to mass mortality of
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other organisms, in cases of algal blooms, but they also contribute to economic well- being in
the form of food, medicine and other products. Seaweeds are larger algae that live in the
marine (salt or brackish water) environment. The unicellular forms are known as microalgae
where as the multicellular forms comprise macroalgae.Algae are many types like Phaeophyta
(brown algae) , Rhodophyta(red algae), cynobacteria (blue-green algae)Chlorophyta (green
algae)Bacillariophyta (diatoms).
Advantages:
Biofuel production by means of algae cultivation produces a carbon-neutral fuel with
98% of the combustion efficiency of petroleum based diesel. The CO2 produced by the
burning of biogas can be pumped back into the reactor
Since the process of producing biofuel using algae is carbon neutral, substituting regular
petroleum-based fuels with biofuel would reduce the world's total CO2 emissions by
14%.
Disadvantages:
Algae biofuel is currently more expensive than petroleum-based fuels.

Structure of Algae
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3.) Fungi
A fungus is a member of a large group of eukaryotic organisms that includes
microorganisms such as yeasts and molds (British English: moulds), as well as the more
familiar mushrooms. These organisms are classified as a kingdom, Fungi, which are separate
from plants, animals, and bacteria. One major difference is that fungal cells have cell walls
that contain chitin, unlike the cell walls of plants, which contain cellulose. These and other
differences show that the fungi form a single group of related organisms, named the
Eumycota (true fungi or Eumycetes), that share a common ancestor (a monophyletic group).
This fungal group is distinct from the structurally similar myxomycetes (slime molds) and
oomycetes (water molds). The discipline of biology devoted to the study of fungi is known as
Mycology.
Fungi are saprophytic (feed on decaying organic matter) and parasitic organisms. Fungi
include moulds, rusts, mildews, smuts, mushrooms and yeast. By breaking down dead
organic material, they continue the cycle of nutrients through ecosystems. Some plants have
a symbiotic relationship with fungi. Symbiosis is a mutually beneficial co-existence of
dissimilar organisms. For example, there are mushrooms that live near tree roots and supply
them with essential nutrients.

Structure of Fungi
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The main body of most fungi is made up of fine, branching, and usually colorless threads
called hyphae. Each fungus will have vast numbers of these hyphae, all intertwining to make
up a tangled web called the mycelium. The mycelium is generally too fine to be seen by the
naked eye, except where the hyphae are very closely packed together. The picture on the left
was taken through a microscope. The hyphae are magnified 100 times life size. These types
of fungi are called dimorphic.
All fungi are heterotrophic, meaning that they obtain their energy and carbon compounds
from organic nutrients. None of the fungi are photosynthetic. Some fungi are parasites and
can cause diseases in humans, animals and plants. Some fungi are used in the food industry
and pharmaceutics (antibiotic production).
4.) Protozoa
Protozoa is a subkingdom of unicellular, mostly aerobic, eukaryotic organisms. Sometimes
they are also called protists. They are neither plants nor animals. They make up the largest
group of organisms in the world in terms of numbers and biomass. Some protozoan, like
Euglena, has chloroplasts like plants and makes their own food, which makes them
autotrophs. Others, like amoeba, are heterotrophs. Because heterotrophic protozans consume
bacteria, they play a very important role in controlling biomass. Biomass is the total weight
of living organisms in a given area.
There are many sources of infection from parasitic protozoa. Sources of infection include,
but are not limited to, contaminated food or water; infected animals or insect
bites.Protozoans can be free-living or parasitic, unicellular or colonial. Some parasitic
protozoans can cause diseases in humans. Protozoans move around using their flagella or
pseudopodia - cytoplasmic temporary 'feet'.
Protozoa are more complex than bacteria. The genetic material (contained in chromosomes)
of protozoa is separated from the cell fluid (cytoplasm) by a double membrane layer. Also,
the cytoplasm of protozoa is more highly organized, similar to the situation in animal cells.
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Classification of Protozoa
All protozoa species are assigned to the kingdom Protista in the Whittaker classification. The
groups are called phyla (singular, phylum) by some microbiologists and classes by others.

Protozoan Classification
5.) Mycoplasma
Mycoplasma, from the Greek mykes (fungus) and plasma (formed), was first used by Albert
Bernhard Frank in 1889. He thought it was a fungus; due to fungus-like characteristics. An
older name for Mycoplasma was Pleuro pneumonia-Like Organisms (PPLO).
Mycoplasma refers to a genus of bacteria. Without a cell wall they are unaffected by many
common antibiotics such as penicillin or other beta-lactam antibiotics that target cell wall
synthesis. There was the smallest, simplest and wall less living prokaryotic organism. The
Mycoplasma genus of bacteria is grouped in the phylum Tenericutes, class Mollicutes, order
Mycoplasmatales and family Mycoplasmataceae.
A unique characteristic of mycoplasma is the lack of a cellular wall. A cell wall gives the
bacterial organism a rigid cellular structure and helps protect it from osmotic lysis. The lack
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of a cell wall also makes mycoplasma organisms more susceptible to lysis. The cell wall
helps maintain the osmotic balance between the bacterial organism and its environment.
Without a cell wall, there is less regulation on what enters in and out of the cell--leading to
osmotic imbalance and possibly the destruction and lysis of the cell. The lack of the cell wall
also helps mycoplasma organisms survive against antibiotic drugs, because they mostly
target the cell wall.
At about 100 to 200 micrometers in diameter & their size varies from 0.1 micron to 1.0
micron. Such a small size can present problems in filtration sterilization techniques.
Mycoplasma requires an outside source of cholesterol, usually obtained from the foods
humans digest, for cell biosynthesis. Cholesterol in the plasma membrane has special
importance in bacteria that lack a cell wall, to help maintain cell rigidity.

Structure of Mycoplasma

It is pleomorphic sometimes slightly ovoid to slender branched filaments. The cells lack a cell
wall and are bounded by a three layered membrane only. They are gram –negative and usually
nonmotile, but gliding motility has been described in some species. There are facultative
anaerobic & chemoorganotrophic and require cholesterol or related sterols for growth. They
parasites and pathogens of mammals. But the mol % G + C of the DNA ranges from 23 to
40%.The typical colony has a ―Fried egg‖ appearance.
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6.) Helminths
Helminth is a general term meaning worm -like parasites. The helminths are invertebrates
characterized by elongated, flat or round bodies. In medically oriented schemes the
flatworms or platyhelminths (platy from the Greek root meaning ―flat‖) include flukes and
tapeworms. Roundworms are nematodes (nemato from the Greek root meaning ―thread‖).
These groups are subdivided for convenience according to the host organ in which they
reside, e.g., lung flukes, extraintestinal tapeworms, and intestinal roundworms.
The clinically relevant groups are separated according to their general external shape and the
host organ they inhabit. There are both hermaphroditic and bisexual species. The definitive
classification is based on the external and internal morphology of egg, larval, and adult
stages.

Structure of Helminths
A. Flukes (Trematodes)
Adult flukes are leaf-shaped flatworms. Prominent oral and ventral suckers help maintain
position in situ. Flukes are hermaphroditic except for blood flukes, which are bisexual.
The life-cycle includes a snail intermediate host.
Flukes, ranging in length from a few millimeters to 7 to 8 cm. The tegument is
morphologically and physiologically complex. Flukes possess an oral sucker around the
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mouth and a ventral sucker or acetabulum that can be used to adhere to host tissues. A
body cavity is lacking.
B. Tapeworms (Cestodes)
Adult tapeworms are elongated, segmented, hermaphroditic flatworms that inhabit the
intestinal lumen. Larval forms, which are cystic or solid, inhabit extra intestinal
tissues.Tapeworms vary in length from 2 to 3 mm to 10 m, and may have three to
several thousand segments.
C. Roundworms (Nematodes)
Adult and larval roundworms are bisexual, cylindrical worms. They inhabit intestinal
and extra intestinal sites. Nematodes are cylindrical rather than flattened; hence the
common name roundworm. The body wall is composed of an outer cuticle that has a non
cellular, chemically complex structure, a thin hypodermis, and musculature. The cuticle
in some species has longitudinal ridges called alae.

7.) Virus
Viruses are small obligate intracellular parasites, which by definition contain either a RNA
or DNA genome surrounded by a protective, virus-coded protein coat. Viruses may be
viewed as mobile genetic elements, most probably of cellular origin and characterized by a
long co-evolution of virus and host. For propagation viruses depend on specialized host
cells supplying the complex metabolic and biosynthetic machinery of eukaryotic or
prokaryotic cells.
A complete virus particle is called a virion. The main function of the virion is to deliver its
DNA or RNA genome into the host cell so that the genome can be expressed (transcribed
and translated) by the host cell. The viral genome, often with associated basic proteins, is
packaged inside a symmetric protein capsid. The nucleic acid-associated protein, called
nucleoprotein, together with the genome, forms the nucleocapsid. In enveloped viruses, the
nucleocapsid is surrounded by a lipid bilayer derived from the modified host cell
membrane and studded with an outer layer of virus envelope glycoproteins.
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Virus is a small infectious agent that can only replicate inside the cells of another organism.
The word is from the Latin ''virus'' referring to poison and other noxious substances, first
used in English in 1392. ''Virulent'', from Latin ''virulentus'' (poisonous), dates to 1400. A
meaning of "agent that causes infectious disease" is first recorded in 1728; the term ''virion''
is also used to refer to a single infective viral particle. The plural is "viruses".
Viruses are too small to be seen directly with a light microscope. Viruses infect all types of
organisms, from animals and plants to bacteria and archaea. Although there are millions of
different types. The Viral Shapes are Quite varied, Helical (Rod like or threadlike),
Isometric (Icosahedron), Complex.

Structure of Virus
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Q.3 What is Microbial Diversity? Define classification of three or five kingdom?
Ans Microbes are one of the dominant life forms which occur in the universe, but most of us are
ignorant of their true profile. This science is concerned with their form, structure,
reproduction, physiology, metabolism and classification.
It includes their distribution in nature, their relationship with each other and other living
organisms, their effects on human beings and other animals and plants. Again, it comprises
their ability to make physical and chemical changes in the environment and their
relationship to physical and chemical agents.
Classification : The organisms living on earth are the product of evolution. All organisms
have direct or indirect interrelations. They show diversities in their structures, functions and
behavior. Organisms are classified into smaller or larger groups on basis of their similarities
and dereferences.
Definition :The scientific method of dividing organisms into smaller and larger is called
classification.
Importance of classification :The path of evolution of organisms with the help of
similarities and differences amongst them and their interrelationships. Chemotaxonomy,
cytotaxonomy and Numerical taxonomy are the new method of classification is developed
through coordination with other disciplines of science.
The nomenclature and classification of organisms is based on definite rules. Some important
rules are as under :
1. Naming and classification of organisms must be done in latin language.
2. Organisms must be named by two names.
1. The 1st name must be of the genus.
2. The 2nd name must be of the species.
3. The 1st letter of genus must be in capital letter.
4. Species name must be written in small letter.
5. The popular name of the organisms must be written last.
6. After the species name, the name of the scientist who coined the name must be
written in short.
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7. The generic name used for naming one organisms should not be used for any other
organisms.
Example: (a) Maize – Zea mays. L. maize

(b) Man – Homo Sapiens. L. man

Categories of classification :
Taxon: The groups of organisms arranged at various level of classification constitute
taxa (singular - taxon). Each taxon indicates a specific level of similarities and differences.
Kingdom: The major groups are given categories of kingdoms.
Then successfully taxa like subkingdom – division or phylum – subdivision or subphylum –
super class – class – subclass – series – order – Family – genus – species are organized.
By moving downwards from kingdom towards species, the differences decrease and
the similarities increase.

The details of various taxa are given below :
Species : A group of organisms showing maximum similarities, in the largest number of
characters is called a species. All members of a species are capable of interbreeding and
giving rise to fertile offsprings
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Genus: A group of species having a common ancestor is called genus.
Family: A group of genera which are closely related constitute a family. Each family
possessed certain common characters.
Order: A group of interrelated families constitute an order. Then, a group of orders forms
a series, a group of series forms a subclass and so on upto kingdom various taxa
are constituted.
Systems of classification :There are three types of systems of classification,
Artificial system :
(1)

Systems based on some limited number of characters are of this kind.

(2)

For E.g., classification of animals into aquatic, terrestrial and aerial forms
or classification of plants into herbs, shrubs and trees.

(3)

These types of methods are useful in primary identification of organisms.

Natural system :
(1) This system takes into account, the similarities and differences in the largest
number of characters.
(2) This systems are more dependable.
(3) E.g. of this system is classification system of plants and animals.
(4) This system does not provide any information regarding the phylogeny or
evolution.
Phylogenic systems :
(1) It follows the evolutionary sequences of organisms.
(2)They reflect genetic relationship of organisms.
(3) They are based on aspects like origin of organisms, their ancestors, their evolutionary
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trends, their primitiveness or modernity, their life cycles, etc.
(4) Example: Whittaker′s system of five kingdoms.
Two kingdom systems of classification :
This is a natural system of classification. Organisms are classified into two kingdoms,
1. Plant kingdom
2. Animal kingdom
Kingdom : Character of plant :
(a) Plants are immobile and possess autotrophic mode of nutrition.
(b) They can carry out photosynthesis because they possess chlorophyll pigments.
(c) Their cells are surrounded by a nonliving cell wall.
Kingdom : Character of animal:
(a) Animals are mobile.
(b) They possess heterotrophic mode of nutrition.
c) Their cells are not surrounded by dead cell walls.
(Defects of two kingdom system)
1.
2.
3.
4.

In this system autotrophic algae and heterotrophic fungi, both are included in plants.
Unicellular and multicellular organisms are also arranged together.
Prokaryotic and eukaryotic organisms are also considered as plants.
Fungi is also included in plants however, they possess different kind of cell wall, and
lacking chlorophyll.
5. Euglena is included in both kingdom plant as well as animal.
6. There is no reference to viruses in this classification.
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Three kingdom
In 1674, Antonie van Leeuwenhoek, often called the "father of microscopy", sent the Royal
Society of London a copy of his first observations of microscopic single-celled organisms.
Until then the existence of such microscopic organisms was entirely unknown. At first these
organisms were divided into animals and plants and placed in the appropriate Kingdom.
However, by the mid-19th century it had become clear that "the existing dichotomy of the
plant and animal kingdoms [had become] rapidly blurred at its boundaries and outmoded".In
1866, following earlier proposals by Richard Owen and John Hogg, Ernst Haeckel proposed
a third kingdom of life. Haeckel revised the content of this kingdom a number of times
before settling on a division based on whether organisms were unicellular (Protista) or
multicellular (animals and plants).

life

Kingdom Protista
Kingdom Plantae
Kingdom Animalia

Ernst Haeckel also worked in the mid-19th century. Ernst Haeckel is attributed to be the first
to describe the evolutionary relationships among living organisms, a genealogy of life, as
analogous to a tree. Haeckel, interestingly, described all living things as falling into not just
two kingdoms (plants and animals), but also a third kingdom for microorgansims — the
Protista. There are several other interesting features of this vision — for example; Haeckel
postulated a common origin for all life (plants, animals and microbes). This is still a
common assumption, but it makes sense with modern molecular evidence as well.
Whittaker′s classification into five kingdom :
The resulting five-kingdom system, proposed in 1969 by Whittaker, has become a popular
standard and with some refinement is still used in many works and forms the basis for new
multi-kingdom systems. It is based mainly on differences in nutrition; his Plantae were
mostly multicellular autotrophs, his Animalia multicellular heterotrophs, and his Fungi
multicellular saprotrophs. The remaining two kingdoms, Protista and Monera, included
unicellular and simple cellular colonies.The five kingdom system may be combined with the
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two empire system.

life

Empire Prokaryota
Empire Eukaryota

Kingdom Monera
Kingdom Protista
Kingdom Plantae
Kingdom Fungi
Kingdom Animalia

According to this classification, Monera represent the earliest group of organisms. The
Monera are thought to have given rise to Protista from which the three other kingdoms of
organisms namely, the fungi, plants and animals evolved along separate lines. Fungi were
the first to appear from Protista. Later, about a billion years ago some protists must have
evolved into primitive multicellular animals. Still later, probably about 350 million years
ago, some protists must have evolved into higher forms of plants.

Whittaker’s classification
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Section-B
Q.1

Discuss the morphology and ultra structure of Bacteria?

Ans

Bacteria are the simplest prokaryote organism. They are highly adaptable and can survive
extremes of temperature, pH, oxygen and atmospheric pressure. They are found in all the
natural habitats i.e. soil, water and air. Bacteria are unicellular free living organism.
Morphology- The size, shape and rearrangement of microbial cell vary with species to
which they belong. Bacteria are of about 0.1 to 60 x 6 micrometer in size. However, there
is variation in dimension of bacilli (5 x 0.4-0.7 micro meter), micrococci (about 0.5
micrometers in diameter.)

(i)

(ii)

Arrangements of cells are more complex in cocci than Bacilli. The arrangement of cells
depends upon adherence of cells together after the cell division.
Coccus Form- There are several groups of cocci based on the number and arrangement
of cells.
a. Diplococcus: Cells divide in one plane and get attached permanently in pairs.
b. Streptococcus: Cells divide in one plane and remain attached to form a linear
chain of cells.
c. Tetraccoci: Cells divide in two planes and form groups of four cells.
d. Straphylococci: Cells divide in three planes in ir regular pattern producing
bunches of cocci.
e. Sarcinae: Cells divide in three planes in regular pattern producing bunches of
cocci.
Forms of bacillus: There are a few groups of bacilli unlike cocci as the former divide
Aacross their short arise.
a. Monobacillus: The single elongated cells freely present in nature are
monobacillus.
b. Diplobacillus: After division the cells remain adhered and appear in paired
form.
c. Streptobacillus: After division the cells remain attached in chains appearing
like straws.
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d. Coccobacillus:The oval cells looking like cocci are called coccobacilli.

(iii) Forms of spirilli:
1) Vibrioid: Bacterial cells having less than one complete twist form vibrioid
shape e.g. vibrio cholera.
2) Helical: Cells that have more than one twist form a distinct helical shape e.g.
spirillum(with flagella).
(iv) Other forms:
a. Pleomorphic: Of changing forms e.g rhizobium,mycoplasma,etc.
b. Hyphae: Some microorganisms form the multicellular, thin walled, profusely
branched filaments called hyphae. The interwoven hyphae are connectively
known as mycelium e.g streptomyces, aspergillus, penicillium.
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Ultra structure of Bacteria Cell
Cytoplasmic Structures:
The cytoplasm of the bacterial cell contains the DNA chromosome, the mRNA, ribosomes,
proteins, and metabolites). Unlike eukaryotes, the bacterial chromosome is a single, doublestranded circle that is contained not in a nucleus but in a discrete area known as the nucleoid.
Histones are not required to maintain the conformation of the DNA, and the DNA does not form
nucleosomes. Plasmids, which are smaller, circular, extra chromosomal DNAs, may also be
present. Plasmids are most commonly found in Gram negative bacteria, and although not usually
essential for cellular survival, they often provide a selective advantage: many confer resistance to
one or more antibiotics.
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The lack of a nuclear membrane simplifies the requirements and control mechanisms for the
synthesis of proteins. Without a nuclear membrane, transcription and translation are coupled; in
other words, ribosomes can bind to the mRNA, and protein can be made as the mRNA is being
synthesized and still attached to the DNA.
The bacterial ribosome consists of 30S + 50S subunits, forming a 70S ribosome. This is unlike
the eukaryotic 80S (40S + 60S) ribosome. The proteins and RNA of the bacterial ribosome are
significantly different from those of eukaryotic ribosomes and are major targets for antibacterial
drugs.

The cytoplasmic membrane has a lipid bilayer structure similar to the structure of the
eukaryotic membranes, but it contains no steroids (e.g., cholesterol).The cytoplasmic membrane
is responsible for many of the functions attributable to organelles in eukaryotes. A coiled
cytoplasmic membrane, the mesosome, acts as an anchor to bind and pull apart daughter
chromosomes during cell division.
Cell Wall:
The structure, components, and functions of the cell wall distinguish Gram positive from Gram
negative bacteria. The cytoplasmic membranes of most prokaryotes are surrounded by rigid
peptidoglycan (murein) layers. The exceptions are Archaeobacteria organisms (which contain
pseudoglycans or pseudomureins related to peptidoglycan) and mycoplasmas (which have no
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cell walls at all). Because the peptidoglycan provides rigidity, it also determines the shape of the
particular bacterial cell. Gram negative bacteria are also surrounded by outer membranes.
Gram Positive Bacteria:
A Gram positive bacterium has a thick, multilayered cell wall consisting mainly of peptidoglycan
(150 to 500 A) surrounding the cytoplasmic membrane. The peptidoglycan is a meshlike
exoskeleton similar in function to the exoskeleton of an insect. Unlike the exoskeleton of the
insect, however, the peptidoglycan of the cell is sufficiently porous to allow diffusion of
metabolites to the plasma membrane. The peptidoglycan is essential for the structure, for
replication, and for survival in the normally hostile conditions in which bacteria grow. During
infection, the peptidoglycan can interfere with phagocytosis, is mitogenic (stimulates mitosis of
lymphocytes), and has pyrogenic activity (induces fever).
The peptidoglycan can be degraded by treatment with lysozyme. Lysozyme, an enzyme in
human tears and mucus, is also produced by bacteria and other organisms. Lysozyme degrades
the glycan backbone of the peptidoglycan. Without the peptidoglycan, the bacteria succumb to
the large osmotic pressure differences across the cytoplasmic membrane and lyse. Removal of
the cell wall produces a protoplast that lyses unless it is osmotically stabilized.
The Gram positive cell wall may also include other components such as teichoic and lipoteichoic
acids and complex polysaccharides (usually called C polysaccharides). Teichoic acids are watersoluble polymers of polyol phosphates, which are covalently linked to the peptidoglycan.
Lipoteichoic acids have a fatty acid and are anchored in the cytoplasmic membrane.Teichoic
acids are important factors in virulence. Lipoteichoic acids are shed into the media and host and,
although weaker, can initiate endotoxic-like activities.
Gram Negative Bacteria:
Gram negative cell walls are more complex than Gram positive cell walls, both structurally and
chemically. Structurally, a Gram negative cell wall contains two layers external to the
cytoplasmic membrane. Immediately external to the cytoplasmic membrane is a thin
peptidoglycan layer, which accounts for only 5% to 10% of the Gram negative cell wall by
weight. There are no teichoic or lipoteichoic acids in the Gram negative cell wall. External to the
peptidoglycan layer is the outer membrane, which is unique to Gram negative bacteria. The area
between the external surface of the cytoplasmic membrane and the internal surface of the outer
membrane is referred to as the periplasmic space. This space is actually a compartment
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containing a variety of hydrolytic enzymes, which are important to the cell for the breakdown of
large macromolecules for metabolism. These enzymes typically include proteases, phosphatases,
lipases, nucleases, and carbohydrate-degrading enzymes. In the case of pathogenic Gram
negative species, many of the lytic virulence factors such as collagenases, hyaluronidases,
proteases, and beta-lactamase are in the periplasmic space. This space also contains components
of the sugar transport systems and other binding proteins to facilitate the uptake of different
metabolites and other compounds. Some binding proteins can be components of a chemotaxis
system, which senses the external environment of the cell.

External StructureSome bacteria (Gram positive or Gram negative) are closely surrounded by loose polysaccharide
or protein layers called capsules. In cases in which it is loosely adherent and nonuniform in
density or thickness, the material is referred to as a slime layer. The capsule and slime layers are
also called the glycocalyx. Bacillus anthracis, the exception to this rule, produces a polypeptide
capsule. The capsule is hard to see in a microscope but can be visualized by the exclusion of
India ink particles.
Capsules and slimes are unnecessary for the growth of bacteria but are very important for
survival in the host. The capsule is poorly antigenic and antiphagocytic and is a major virulence
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factor (e.g., Streptococcus pneumoniae). The capsule can also act as a barrier to toxic
hydrophobic molecules, such as detergents, and can promote adherence to other bacteria or to
host tissue surfaces
Flagella are ropelike propellers composed of helically coiled protein subunits (flagellin) that are
anchored in the bacterial membranes through hook and basal body structures and that are driven
by membrane potential. Bacterial species may have one or several flagella on their surfaces, and
they may be anchored at different parts of the cell. Flagella provide motility for bacteria,
allowing the cell to swim (chemotaxis) toward food and away from poisons. Bacteria approach
food by swimming straight and then tumbling in a new direction. Flagella also express antigenic
and strain determinants.
Fimbriae (pill) (Latin for "fringe") are hairlike structures on the outside of bacteria; they are
composed of protein subunits (pilin). Fimbriae can be morphologically distinguished from
flagella because they are smaller in diameter (3 to 8 nm versus 15 to 20 nm) and usually are not
coiled in structure. Generally, several hundred fimbriae are arranged peritrichously (uniformly)
over the entire surface of the bacterial cell. They may be as long as 15 to 20 nm, or many times
the length of the cell. The tips of the fimbriae may contain proteins (lectins) that bind to specific
sugars (e.g., mannose). F pili (sex pill) promote the transfer of large segments of bacterial
chromosomes between bacteria. These pill are encoded by a plasmid (F).

Q. 2

Write short note on the Following-

Ans

(1.) Flagella are filamentous protein structures attached to the cell surface that provide the
swimming movement for most motile prokaryotes. Prokaryotic flagella are much thinner
than eukaryotic flagella; the diameter of a prokaryotic flagellum is about 20 nanometers,
well-below the resolving power of the light microscope. The flagella filament is rotated
by a motor apparatus in the plasma membrane allowing the cell to swim in fluid
environments.
The flagella apparatus consists of several distinct proteins: a system of rings imbedded
in the cell envelope (the basal body), a hook-like structure near the cell surface, and the
flagellar filament. The innermost rings, the M and S rings, located in the plasma
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membrane, comprise the motor apparatus. As the M ring turns, powered by an influx of
protons, the rotary motion is transferred to the filament which rotates thereby propelling
the bacterium.

Ultrastructure of a Bacterial Flagellum
Flagella may be variously distributed over the surface of bacterial cells in distinguishing
patterns, but basically flagella are either polar (one or more flagella arising from one or
both poles of the cell) or peritrichous (lateral flagella distributed over the entire cell
surface). Flagellar distribution is a genetically-distinct trait that is occasionally used to
characterize or distinguish bacteria. For example, among Gram-negative rods,
pseudomonads have polar flagella to distinguish them from enteric bacteria, which have
peritrichous flagella.

Different arrangements of bacterial flagella
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(2.) Endospore Formation & Germination
Endospores are dormant alternate life forms produced by the genus Bacillus, the genus
Clostridium, Certain bacteria can form endospores in dry environments in a process called
sporulation. They are called endospores because the spores form within the cell. Endospores
offer great advantages to bacterial cells because they are extremely resistant to a number of
harsh environments, including: heat, desiccation, radiation, chemicals, acids, and drying. The
discovery of bacterial endospores was important to microbiology because it provided
knowledge on proper methods for sterilization of culture media, foods, and other perishable
items. Many organisms form spores, but the bacterial endospore is unique in its heat
resistance capabilities.

"Endospore Structure"
Spore Structure:
Exosporium - A thin delicate covering made of protein.
Spore coats - Composed of layers of spore specific proteins.
Cortex - Composed of loosely linked peptidoglycan and contains dipicolinic acid (DPA),
which is particular to all bacterial endospores. The DPA cross links with calcium ions
embedded in the spore coat. This cross linkage greatly contributes to the extreme
resistance capabilities of the endospores because it creates a highly impenetrable barrier.
The calcium DPA cross linkages compose 10% of the dry weight of the endospores.
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Core - The core contains the usual cell wall and, cytoplasmic membrane, nucleoid, and
cytoplasm. The core only has 10-30% of the water content of vegetative cells; therefore
the core cytoplasm is in a gel state. The low water content contributes to the endospores
success in dry environments. However, the low water concentration and gel cytoplasm
contributes to the inactivity of cytoplasmic enzymes. The core cytoplasm is also one unit
lower in pH than the vegetative cell, thus conferring acidic environment survival. SASPs,
small acid soluble spore proteins, are formed during sporulation and bind to DNA in the
core. SASPs protect the DNA from UV light, desiccation, and dry heat. SASPs also serve
as a carbon energy source during germination, the process of converting a spore back to a
vegetative cell.
Spore Formation-The process of endospore formation is called sporulation or
sporogenesis. It occurs normally when growth of bacterium ceases due to lack of
nutrients. Sporulation is a complex process and occurs in several stages. Generally
sporulation process requires 10 hours to get accomplished. Formation of endospores
begins with the development of in growth of plasma membrane known as spore septum
which becomes double layered. The spore septum surrounds the cytoplasm and
chromosome.A structure entirely enclosed with in cell is formed which is known as
forespore.Between the two membrane a thick layer of peptidoglycan is laid down .A
thick coat of protein is formed around this structure that provides resistance to
endospores.All the endospores contain DNA,small amount of RNA and large amountof
organic acid(dipicolinic acid).
Spore Germination- The endospore may be produced terminally, subterminally or
centrally depending upon species. After maturity wall layer dissolved and endospores are
set free. This process is called spore germination. Germination occurs only in favourable
environmental conditions which are accomplished in three stages: activation, germination
and out growth.
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Endospore Germination
Condition promoting spore germinationa. Heat shocked sub lethal temperature for varying period of time from 1 minute to 1 hour
more.
b. Presence of dipicolinic acid
c.

Addition of L-alanine

d.

Presence of various metal ion such as Ca++, Mg++

e.

Incubation of spores at 30 0C for 5 minutes in water ethanol mixtures.

(3.) Bacterial Plasmid
A plasmid is an extra-chromosomal element, often a circular DNA. The plasmids we will
use in this class typically have three important elements:
An origin of replication
A selectable marker gene (e.g. resistance to ampicillin)
A cloning site (a place to insert foreign DNAs)
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Since a plasmid is (by definition) an extrachromosomal element, it cannot make use of
any origin of DNA replication in a chromosome. That is, DNA synthesis within (i.e.
copying of) a plasmid depends on its having an origin of DNA synthesis of its own.
Obviously, if a plasmid couldn't be copied, it would be rapidly diluted out in a population
of dividing cells because it couldn't be passed on to daughter cells.
A selectable marker is not actually a required element of a plasmid, but it makes it
possible for us to maintain stocks of cells that contain the plasmid uniformly. Sometimes,
carrying a plasmid puts a cell at a selective disadvantage compared to its plasmid-free
neighbors, so the cells with plasmids grow more slowly.
A ―cloning site" is a place where the DNA can be digested by specific restriction
enzymes - a point of entry or analysis for genetic engineering work. The number of
plasmids ranges from one to hundreds or more per bacterial cell.
A plasmid contains 5-100 genes that determine several biological functions. Plasmids are
the circular DNA molecule but in resting stage helix twists in right hand direction at
every 400-600 base pairs and forms super coil. The twisted form is called covalently
closed circular DNA.

Plasmid can be two types:(1) Conjugative Plasmid- It contains specific genes. During conjugation, the transfer of
plasmid from the donor to be recipient cell is initiated by the plasmid itself. Plasmid
recipient cells are called transconjugants.
(2) Non-Conjugative Plasmid- The capacity to cause its transfer from donor to the recipient
cell is absent. It is small extremely and lacks specific genes.
On the basis of function, plasmid are divided in to several types-
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a. Sex Factor plasmidb. R (resistance) Plasmidc. Degradative Plasmidd. Col Plasmid-

Q.3

Discuss the diversity of Bacterial Nutrition in detail?

Ans
1) For every biological process, there are two basic requirements –
a. Energy
b. Nutrient
2) The basic cell building requirements are supplied by the nutrition.
3) Nutrition not only provides energy but also act as precurssor for growth of microorganism.
4) The nutritional requirements of an organism depend on the biochemical
composition on the cell.
On the basis of source of Energy
a. Phototrophs –it utilizes the energy trapped in the solar radiation for their general
metabolic requirement and convert in to chemical energy.
b. Chemotrophs- use the energy trapped in the chemical bonds for their metabolism.
On the basis of source of Electron
a. Lithotrophs-some organism can use reduced inorganic compounds as electron donor.
Chemolithotrophs-an organism that uses in organic compound as
electron donor and relies on chemical compound for energy.
Photolithotrophs- an organism which obtain energy light & uses
inorganic compounds as a source of electrons.
b. Organotrophs- some organic can use reduced organic compounds as electron donor.
Chemo-organotrophs– use organic carbon for both energy &
carbon purposes.

For more Detail: - http://www.gurukpo.com/

Microbiology

37

Photo-organotrophs- an organism which obtain energy from light
uses organic compounds as a source of electrons.
On the basis of source of carbon
a. Autotrophic Nutrition- use carbon dioxide of the atmosphere as their source of carbon.
These organisms fix the atmospheric carbon in to carbohydrates required for growth and
metabolism.
The term autotroph has been derived from two Greek words-auto means self and troph
means nutrition. In this mode of nutrition, the organisms prepare their own food from
simple raw materials like water, carbon dioxide and mineral salts in the presence of
sunlight.
Chlorophylls present in the chloroplast or green plants are the site of food production.
Accordingly all green plants are the examples of this category. The process by which
they synthesize food is known as photosynthesis.
With this energy they manufacture their food. This process is called chemosynthesis.
Thus the autotrophs include both the photosynthetic and chemosynthetic organisms.
b. Heterotrophic Nutrition-It depends upon other organism for carbon i.e they depend
upon readymade source of carbon already fixed by autotrophs or present in other
heterotrophs.
The word heterotrophy has been derived from two Greek words-hetero means different
and troph refers to nutrition of food. The organisms which derive their food from others
are known as heterotrophic organisms. They depend for their food on other organisms,
hence they are called consumers. All animals, human beings and non-green plans like
fungi come under this category.
Thus the difference between heterotrophy and autotrophs is basically in the mode of
production of food. Due to lack of chlorophyll, heterotrophs cannot synthesize their food
while autotrophs can perform photosynthesis.

Heterotrophs may be parasitic, saprophytic and holozoic.
1. Parasitic:
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The term has been derived from two Greek works: Para means feeding and sites means grains.
Parasitic organisms are those which live on or inside other living organisms to derive their food.
Such a mode of nutrition is known as parasitic nutrition. A parasite derives its food (nutrition)
from the host in different ways the mode of feeding depends upon its habit, habitat, and
modifications.
2. Saprophytic:
The word saprophyte has been derived from the Greek words sapro meaning rotten and phyto
meaning plants. Saprophytic organisms derive their food from decomposing dead organisms.
The complex organic compounds become simpler in dead organisms when the decomposition
sets in. they feed on substances which were once part of living organisms such as stored food,
wood, leather and rotten plant products. The common examples of saprophtyes are fungi
(moulds, mushrooms, yeasts) and many bacteria.
3. Holozoic –

The word holozoic has been derived from Greek words: holos means whole and zoon means
animal. Holozoic nutrition involves ingestion of complex organic substances. The food of most
animals contains large organic substances.
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Section -C
Q. 1 Define Culture Media and types of media?
Ans A culture media is special medium used in microbiological laboratories to grow different
kinds of microorganisms. A growth or a culture medium is composed of different nutrients
that are essential for a microbial growth.
Since there are many types of microorganisms, each having unique properties and requiring
specific nutrients for growth, the culture media are of many types based on what nutrients
they contain and what function they play in the growth of microorganisms.
A culture may be solid or liquid. The solid culture media is composed of a brown jelly like
substance known as agar. Different nutrients and chemicals are added in it to allow the
growth of different microorganisms.
Below given are some types of important culture or growth media used in microbiological
laboratories:
Preservation Culture Media
The preservation culture media is composed of all the basic nutrients required for a
microbial growth and is used to preserve a specific type of microorganism, preferably
bacteria or a set of different microbial entities for a long period of time.
The basic purpose of this culture is to let these microorganisms grow safely in an ensured
environment that has all the important nutrients and to protect them against any
environmental damage so these organisms can be used when needed.
Enrichment Culture Media
The enrichment culture media is a liquid medium which allows the microorganisms to
multiply and has the essential nutrients that are required for it.
This culture media is usually composed of bacteria taken form liquid source such as pond
water. The basic nutrient broth is the most commonly used enrichment culture media.
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Differential Culture Media
The differential culture media is a media that is used for differentiating between bacteria by
using an identification marker for a specific type of microorganism.
The selective and differential culture media are opposites to each other in a way that one
inhibits the growth of other organisms while allowing the growth of some while the other
does not kill the others but only highlights one type.
Blood agar is a common differential culture medium used to identify bacteria that causes
haemolysis in blood.
Isolation Culture Media
An isolation culture medium is a simple agar containing solid medium that allows the
growth of microorganisms in the direction of the streaks. For example the bacteria will only
grow on the pattern made on the solidified agar during the streak plate method. This is the
most commonly used medium in microbiological labs.
Fermentation Media
The fermentation culture media is a liquid selective media which is used to obtain a culture
of a specific organism more likely yeast or a particular toxin.
The fermentation media can also be differential but mostly it is selective in nature that is
allowing the growth of one type while inhibiting the growth of others.

Q.2 Define Microbiological techniques?
Ans (1.)Sterilisation -These media must then be sterilized by heating in an autoclave (like a
pressure cooker) at 121°C (pressure 1 bar or 15 lb/sq. in.) for 15 minutes, which kills all
living organisms, including spores.
All apparatus used from this point onwards must be sterilized by heat (glassware - 160 °C
for 2 hrs) or exposure to radiation.
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(2.) Aseptic techniques must be used to reduce the likelihood of bacterial contamination. This
usually involves disinfection of working areas, minimising possible access by bacteria
from the air to exposed media, and use of flames to kill bacteria which might enter vessels
as they are opened.
(3.)

Inoculation-Bacteria may be introduced to the media (inoculated) by various means.
Usually the bacteria e.g. from a drop in a heat-sterilized loop are spread on the surface of
(ready set) agar. A similar technique is used with broth cultures.
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Sometimes bacteria in a liquid are introduced using a sterile pipette to the Petri dish before the
(fairly cool) agar medium is poured on top ("pour plates").
Then the Petri dishes containing agar or tubes containing broth are incubated, i.e. put in a
special apparatus at a fixed temperature (usually 37°C - human body temperature, for possible
pathogens - or 25°C for bacteria from the environment). In schools, lower incubation
temperatures are used in order to discourage the growth of potential pathogens.
When growing bacteria, it is usual to invert the Petri dishes, so as to prevent condensation
droplets from falling onto the surface of the agar. Petri dishes are often "sealed" at this stage to
prevent people who handle them from contamination by bacteria, which will multiply greatly. It
is normal to use 2 strips of adhesive tape from base to lid rather than attempt seal the circular
edge of the Petri dish. This is to guard against the possibility of anaerobic organisms growing
due to lack of air. However, it must be borne in mind that any drips from a partially sealed Petri
dish are potential sources of infection.

Results
Cultures are usually examined after 24 hrs incubation..
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After use, bacterial cultures, etc. must be sterilised by the use of heat, before disposal.
Q.2 What is Bacterial growth? Define growth curve in detail?
Ans.
Growth is an orderly increase in the quantity of cellular constituents. It depends upon the
ability of the cell to form new protoplasm from nutrients available in the environment.
Growth is an essential component of microbial function, as any given cell has a finite life
span in nature and the species is maintained only as a result of continued growth of the
population.
In most bacteria, growth involves increase in cell mass and number of ribosomes,
duplication of the bacterial chromosome, synthesis of new cell wall and plasma
membrane, partitioning of the two chromosomes, septum formation, and cell division.
This asexual process of reproduction is called binary fission.
Growth CurveFour characteristic phases of the growth cycle are recognized.
1. Lag Phase. Immediately after inoculation of the cells into fresh medium, the
population remains temporarily unchanged. Although there is no apparent cell division
occurring, the cells may be growing in volume or mass, synthesizing enzymes, proteins,
RNA, etc., and increasing in metabolic activity.
The length of the lag phase is apparently dependent on a wide variety of factors including
the size of the inoculum; time necessary to recover from physical damage or shock in the
transfer; time required for synthesis of essential coenzymes or division factors; and time
required for synthesis of new (inducible) enzymes that are necessary to metabolize the
substrates present in the medium.
2. Exponential (log) Phase. The exponential phase of growth is a pattern of balanced
growth wherein all the cells are dividing regularly by binary fission, and are growing by
geometric progression. The cells divide at a constant rate depending upon the
composition of the growth medium and the conditions of incubation. The rate of
exponential growth of a bacterial culture is expressed as generation time, also the
doubling time of the bacterial population. Generation time (G) is defined as the time (t)
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per generation (n = number of generations). Hence, G=t/n is the equation from which
calculations of generation time (below) derive.
3.

Stationary Phase. Exponential growth cannot be continued forever in a batch culture
(e.g. a closed system such as a test tube or flask). Population growth is limited by one of
three factors: 1. exhaustion of available nutrients; 2. accumulation of inhibitory
metabolites or end products; 3. exhaustion of space, in this case called a lack of
"biological space".
During the stationary phase, if viable cells are being counted, it cannot be determined
whether some cells are dying and an equal number of cells are dividing, or the population
of cells has simply stopped growing and dividing. The stationary phase, like the lag
phase, is not necessarily a period of quiescence. Bacteria that produce secondary
metabolites, such as antibiotics, do so during the stationary phase of the growth cycle
(Secondary metabolites are defined as metabolites produced after the active stage of
growth). It is during the stationary phase that spore-forming bacteria have to induce or
unmask the activity of dozens of genes that may be involved in sporulation process.

4. Death Phase. If incubation continues after the population reaches stationary phase, a death
phase follows, in which the viable cell population declines. (Note, if counting by
turbidimetric measurements or microscopic counts, the death phase cannot be observed.).
During the death phase, the number of viable cells decreases geometrically (exponentially),
essentially the reverse of growth during the log phase.
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Q.3 Write short note on following:Ans. A. Continuous Culture of Bacteria
The cultures so far discussed for growth of bacterial populations are called batch cultures.
Since the nutrients are not renewed, exponential growth is limited to a few generations.
Bacterial cultures can be maintained in a state of exponential growth over long periods of
time using a system of continuous culture, designed to relieve the conditions that stop
exponential growth in batch cultures. Continuous culture, in a device called a chemostat,
can be used to maintain a bacterial population at a constant density, a situation that is, in
many ways, more similar to bacterial growth in natural environments.
In a chemostat, the growth chamber is connected to a reservoir of sterile medium. Once
growth is initiated, fresh medium is continuously supplied from the reservoir. The volume
of fluid in the growth chamber is maintained at a constant level by some sort of overflow
drain. Fresh medium is allowed to enter into the growth chamber at a rate that limits the
growth of the bacteria. The bacteria grow (cells are formed) at the same rate that bacterial
cells (and spent medium) are removed by the overflow. The rate of addition of the fresh
medium determines the rate of growth because the fresh medium always contains a limiting
amount of an essential nutrient. Thus, the chemostat relieves the insufficiency of nutrients,
the accumulation of toxic substances, and the accumulation of excess cells in the culture,
which are the parameters that initiate the stationary phase of the growth cycle. The bacterial
culture can be grown and maintained at relatively constant conditions, depending on the
flow rate of the nutrients.

Continuous culture
Unicellular organisms such as the bacteria, growth can be measured in terms of two different
parameters: changes in cell mass and changes in cell numbers.
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B. Methods for Measurement of Cell Mass
Methods for measurement of the cell mass involve both direct and indirect techniques.
1. Direct physical measurement of dry weight, wet weight, or volume of cells after
centrifugation.
2. Direct chemical measurement of some chemical component of the cells such as total N, total
protein, or total DNA content.
3. Indirect measurement of chemical activity such as rate of O2 production or consumption,
CO2 production or consumption, etc.
4. Turbidity measurements employ a variety of instruments to determine the amount of light
scattered by a suspension of cells. Particulate objects such as bacteria scatter light in
proportion to their numbers. The turbidity or optical density of a suspension of cells is
directly related to cell mass or cell number, after construction and calibration of a standard
curve. The method is simple and nondestructive, but the sensitivity is limited to about 107
cells per ml for most bacteria.
C. Methods for Measurement of Cell Numbers
Measuring techniques involve direct counts, visually or instrumentally, and indirect viable cell
counts.
1. Direct microscopic counts are possible using special slides known as counting
chambers. Dead cells cannot be distinguished from living ones. Only dense suspensions
can be counted (>107 cells per ml), but samples can be concentrated by centrifugation or
filtration to increase sensitivity.
A variation of the direct microscopic count has been used to observe and measure growth
of bacteria in natural environments. In order to detect and prove that thermophilic
bacteria were growing in boiling hot springs, T.D. Brock immersed microscope slides in
the springs and withdrew them periodically for microscopic observation. The bacteria in

For more Detail: - http://www.gurukpo.com/

Microbiology

47

the boiling water attached to the glass slides naturally and grew as microcolonies on the
surface.
2. Electronic counting chambers count numbers and measure size distribution of cells.
For cells the size of bacteria the suspending medium must be very clean. Such electronic
devices are more often used to count eucaryotic cells such as blood cells.
3. Indirect viable cell counts, also called plate counts, involve plating out (spreading) a
sample of a culture on a nutrient agar surface. The sample or cell suspension can be
diluted in a nontoxic diluent (e.g. water or saline) before plating. If plated on a suitable
medium, each viable unit grows and forms a colony. Each colony that can be counted is
called a colony forming unit (cfu) and the number of cfu's is related to the viable number
of bacteria in the sample.
Advantages of the technique are its sensitivity (theoretically, a single cell can be
detected), and it allows for inspection and positive identification of the organism counted.
Disadvantages are (1) only living cells develop colonies that are counted; (2) clumps or
chains of cells develop into a single colony; (3) colonies develop only from those
organisms for which the cultural conditions are suitable for growth.

Q.4
Ans

Define the effect of environment on microbial growth?
Microbial growth is greatly affected by chemical and physical nature of their
surroundings instead of variations in nutrient levels and particularly the nutrient
limitation. For successful cultivation of microorganisms it is not only essential to supply
proper and balanced nutrients but also it is necessary to maintain proper environmental
conditions. Growth and death rates of microorganisms are greatly influenced by number
of environmental factors such as solutes and water acidity, temperature, oxygen
requirement, pH, pressure and radiation.
Solutes and Water Acidity
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Water is one of the most essential requirements for life. Thus, its availability becomes
most important factor for the growth of microorganisms. The availability of water
depends on two factors - the water content of the surrounding environment and the
concentration of solutes (salts, sugars etc.) dissolved in the water.
In most cases, the cell cytoplasm possesses higher solute concentration in comparison to
its environment. Thus, water always diffuses from a region of its higher concentration to
a region of the lower concentration. This process is called osmosis which keeps the
microbial cytoplasm in positive water balance. When a microbial cell is placed in
hypertonic solution (or, solution of low water activity), it loses water and shrinkage of
membrane takes place. This phenomenon is called plasmolysis.
Microorganisms show variability in their ability to adapt the habitats of low water
activity. Microorganisms like S. aureus can survive over a wide range of water activity
and are called as osmotolerant (as water activity is inversely related to osmotic
pressure). Microorganisms are called as halophiles since they require high concentration
of salts (between 2.b 6.2 M) to grow. Halobacterium, a halophilic archaebacterium,
inhabits Dead Sea
The quantitative availability of water can be expressed in physical term called water
activity (aw). The water activity for a sample solution is the ratio of vapour pressure of
the sample solution to the vapour pressure of the water at the same temperature (aw =
Psoln/Pwater) .
Temperature
All forms of life are greatly influenced by temperature. In fact, the microorganisms are
very sensitive to the temperature since their temperature varies with that of environment
(poikilothermic). Temperature influences the rate of chemical reactions and protein
structure integrity thus affecting rates of enzymatic activity. At low temperature enzymes
are not w denatured, therefore, every 10°C rise in temperature results in rise of metabolic
activity and growth of microorganisms. However, enzymes have a range of thermal
stability and beyond it their denaturation takes place. Thus, high temperature kills microCJ organism by denaturing enzymes, by inhibiting transport carrier molecules or by
change in membrane integrity. Each microbe shows characteristic temperature
dependence and possesses its own cardinal temperatures i. e. minimal, maximum and
optimal growth temperatures.
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The values for cardinal temperature vary widely among bacteria. For convenience,
bacteria isolated from hot springs can survive even at temperature of 100°C and above,
while those isolated from snow can survive below -10°C. On the basis of susceptibility to
the thermal conditions, microorganisms are classified into three categories: thermophiles.
Meshophiles and psychrophiles.

Thermophiles are microorganisms that show growth optima at 55°C. They often have
growth maxima of 65°C, while few can grow even at 100°C and higher temperatures.
Their growth minima is 45°C. The vast majority of thermophiles belongs to prokaryotes
although a few microalgae (e.g., Cyanidium caldarium) and microfungi (e.g. Mucor
pusillus) are also thermophiles. A few microorganisms are hyperthermophiles as they
possess growth optima between 80°C and about 113°C. Hyperthermophiles usually do
not grow well below 55°C (e.g.. Pyrococcus abyssi, Pyrodictium occultum). Mesophiles
are microorganisms that have growth minima between 15°C-20°C; optima between 2045°C and maxima at 45°C. Most microorganisms fall within this category. Almost all
human pathogens are mesophiles as they grow at a fairly constant temp. of 37°C.
Psychrophiles have optimum temperature for growth at 15°C, however, few can grow
even below 0°C. The maximum growth temperature of psychrophiles is around 20°C.
The spoilage of refrigerated food takes place because of facultative psychrophiles. These
are microorganisms that can grow at 0°C but have growth optima temperature between
20°- 30°C
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Oxygen Requirements
The atmosphere of earth contains about 20% (v/v) of oxygen. Microorganisms capable of
growing in the presence of atmospheric oxygen are called aerobes whereas those that
grow in the absence of atmospheric oxygen are called as anaerobes. The microorganisms that are completely dependent on atmospheric oxygen for growth are called
obligate aerobes whereas those that do not require oxygen for growth but grow well in
its presence are called as facultative anaerobes. Aerotolerants (e.g. Enterococcus
faecalis) ignore O2 and can grow in its presence or absence. In contrast, obligate
anaerobes (e.g., Bacteroids, Clostridium pastewianum, Furobacterium) do not tolerate the
presence of oxygen at all and ultimately die. Few microorganisms (e.g., Campylobacter)
require oxygen at very low level (2-10%) of concentration and are called as
microaerophiles.
Relationship of Oxygen and growth (Shake tubes method)

1. Aerobic

2. Microaerophilic

3. Facultative

4.Anaerobic

These varying relationships between microbes (especially the bacteria) and O2
appear due to different factors such as protein-inactivation and the effect of toxic
oxygen-derivatives. Bacterial enzymes can be inactivated when interact with
oxygen. Nitrogen-fixing enzyme introgenese is very sensitive to oxygen and
represents a good example of interaction between enzyme and oxygen. During
metabolic process, flavoprotein reduces oxygen to form hydrogen peroxide
(H2O2), superoxide radical (O2-) and hydroxy radical (OH-). These compounds are
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highly toxic and being powerful oxidizing agent, can cause destruction of cellular
macromolecules.
O2 + e- = O2- (superoxide radical)
O2- + e- + 2H+ = H2O2 (hydrogen peroxide)
H2O2 + e- + H+ = H2O + OH- (hydroxy radical)
Pressure
Normal life of microorganisms on land or on the water surface is always subjected to a
pressure of 1 atmosphere. But, they are many microbes that survive in extremes of
hydrostatic pressure in deep sea. Others are there that not only survive rather grow more
rapidly at high pressures (e.g., Protobacterium, Colwellia, Shewanella) and are called
barophilic. Some archaebacteria are thermobarophiles (e.g., Pyrococcus spp.,
Methanococcus jannaschii). However, A barophile has been recovered from the depth
about 10,500 m in sea near Philippines and has been found unable to grow at 2°C
temperature and below about 400-500 atmospheric pressure
Radiation
Some electromagnetic radiations, particularly the ionizing radiation (e.g., X-rays,
gamma rays) are very harmful to microbial growth. Low levels of these radiations may
cause mutations and may indirectly result in death whereas high levels may directly cause
death of the microbes. Ionizing radiation, however, destroys ring-structures, breaks
hydrogen bonds, oxidizes double bonds and polymerizes certain molecules. Ultraviolet
(UV) radiation is lethal to all categories of microbial life due to its short wavelength and
high-energy; the most lethal UV radiation has a wavelength of 260 nm. Ultraviolet
radiation primarily forms thymine dimers in DNA to cause damage.

Q.

Discuss the method of Gene transfer in Bacteria?
Gene transfer in bacteria is unidirectional from a donor cell to a recipient cell and the
donor usually gives only a small part of its DNA to the recipient. In bacteria genetic
transfer can happen three ways:
(1.) Transformation
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Transformation is the bacterial mechanism for the transfer of genetic material in which
free DNA of one genotype is taken in through the cell surface of bacteria of another
genotype and is incorporated into the recipient cell chromosome.
In eukaryotic cells, the term transformation refers to the conversion of normal eukaryotic
cells into a cancer-like state (Purves et al., 1998).

The transformation involves several types:1.
2.
3.
4.
5.
6.

Release of DNA from donor cell
Fragmentation of DNA in to piece
Adsorption of DNA fragments on the surface of recipient cell.
Penetration in to cell
Integration in to recipient DNA &
Finally expression of genetic information in the recipient and its progeny.

Some of the important characters transferred from one bacterial cell to another bacterial cell
by transformation is development of pathogenicity, drug resistance, formation of capsules &
change in the nutritional patterns.
Gene transfer by this process occurs in soil and marine environment and may be important
route of genetic exchange in nature.
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HISTORY OF TRANSFORMATION
In 1928, Frederick Griffith discovered transformation while trying to develop a vaccine
for pneumonia caused by Streptococcus pneumoniae. Griffith was working with two
strains of Strep. Colonies of the first strain appeared shiny and smooth (strain S) because
the bacteria had a protective capsule and this strain caused deadly pneumonia when
injected into mice.
Colonies of the second strain had a rough appearance (strain R) because they were
mutants that could not make the protective capsule. This strain did not cause deadly
disease because the white blood cells of the mice could easily destroy these unprotected
bacteria.
Griffith did a number of experiments in which he demonstrated that the live R strain cells
could acquire the smooth, virulent feature when exposed to dead S strain cells. His
experiments indicated that the R strain was taking up genetic material of the dead, broken
down S strain bacteria.

Griffith's Experiment
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(2.) TransductionTranduction is the transfer of bacterial genes by viruses.Bacterial viruses (also known as
bacteriophages) transfer DNA fragments from one bacterium (the donor) to another
bacterium (the recipient). The viruses involved contain a strand of DNA enclosed in an
outer coat of protein.

Transduction take place in the following steps.
1. When a bacteriophage attacks a bacterial cell, it injects its DNA in to the bacterial cell.
2. The bacterial DNA breaks down and the viral DNA fragments replicates within the
bacterial cell. During this process a part of the bacterial DNA may be incorporated into
the viral DNA.
3. Lysis of the bacterial cell liberates the phage carrying bacterial DNA.
4. The phages carrying bacterial DNA infect other bacterial cells.
5. The donor DNA is now incorporated into the DNA of the recipient bacterium.

Mode of Viral Infection
Two types of life cycles are possible in Viruses:
1. Lytic cycle

2. Lysogenic cycle

After a bacteriophage (or phage) enters a bacterium, it may encourage the bacterium to
make copies of the phage. At the conclusion of the process, the host bacterium undergoes
lysis and releases new phages. This cycle is called the lytic cycle. Under other
circumstances, the virus may attach to the bacterial chromosome and integrate its DNA
into the bacterial DNA. It may remain here for a period of time before detaching and
continuing its replicative process. This cycle is known as the lysogenic cycle. Under
these conditions, the virus does not destroy the host bacterium, but remains in a lysogenic
condition with it. The virus is called a temperate phage, also known as a prophage. At a
later time, the virus can detach, and the lytic cycle will ensue.
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Transduction of two types:(1) During generalized transduction, a phage assumes a lysogenic condition with a
bacterium, and the phage DNA remains with the chromosomal DNA. When the phage
replicates, however, random fragments of the bacterial DNA are packaged in error by
new phages during their production. The result is numerous phages containing genes
from the bacterium in addition to their own genes. When these phages enter a new host
bacterium and incorporate their DNA to the bacterial chromosome, then they will also
incorporate the DNA from the previous bacterium, and the recipient bacterium will be
transduced. It will express not only its genes, but also the genes acquired from the donor
bacterium.

Generalized Transduction
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(2) A second type of transduction is called specialized transduction. In this case, the
lysogenic cycle ensues as before. When the phage DNA breaks away from the bacterial
DNA, however, it may take with it a small amount of the bacterial DNA (perhaps 5
percent). When the phage DNA is used as a template for the synthesis of new phage
DNA particles, the bacterial genes are also reproduced. When the phages enter new
bacterial cells, they carry the bacterial genes along with them. In the recipient bacterium,
the phage and donor genes integrate into the bacterial chromosome and transduce the
recipient organism. Specialized transduction is an extremely rare event in comparison to
generalized transduction because genes do not easily break free from the bacterial
chromosome.

Specialized Transduction
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(3.) Conjugation
Bacterial conjugation is the transfer of genetic material between bacterial cells by direct
cell-to-cell contact or by a bridge-like connection between two cells. Bacterial
conjugation is often regarded as the bacterial equivalent of sexual reproduction or mating
since it involves the exchange of genetic material. During conjugation the donor cell
provides a conjugative or mobilizable genetic element that is most often a plasmid or
transposon.
Bacterial conjugation was first postulated in the 1940s by Joshua Lederberg and Edward
Tatum. The essential feature of the process is that two bacterial cells come together and
mate such that a gene transfer occurs between them. One cell, the donor cell (F+), gives
up DNA; and another cell, the recipient cell (F−), receives the DNA. The transfer is
nonreciprocal, and a special pilus called the sex pilus joins the donor and recipient during
the transfer. The DNA most often transferred is a copy of the F factor plasmid. The factor
moves to the recipient, and when it enters the recipient, it is copied to produce a doublestranded DNA for integration. The channel for transfer is usually a special conjugation
tube formed during contact between the two cells.

Certain donor strains of bacteria transfer genes with high efficiency. In this case, the F
factor acts as an episome and integrates itself into the bacterial chromosome. Under these
conditions, chromosomal genes are transferred to the recipient cell, and the donor is
called a high frequency of recombination (Hfr) donor. During normal conjugation, the
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donor cell can become a recipient cell if the F factor is transferred during the conjugation.
However, during Hfr conjugation, the F factor is rarely transmitted, and the recipient cell
does not become a donor cell. The exception occurs if the complete chromosome is
transferred, a process requiring about 100 minutes in E. coli. In this case, the F factor is
transferred and the recipient becomes a donor cell.

During some instances of conjugation, the F plasmid leaves the bacterial chromosome
carryinan excised piece of chromosomal DNA The plasmid carrying the chromosomal
DNA is called an F' plasmid. If the F' plasmid is transferred to a recipient gene during
conjugation, the donor bacterial genes will also be transferred. This type of conjugation is
important because it accounts for the spread of certain bacterial genes through a bacterial
population. The process is called sexduction.
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